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Abstract

Undifferentiated pleomorphic sarcomas (UPS) represent a prevalent and aggressive subtype of soft tissue
sarcomas (STS) in adults. Despite advancements in loco regional treatments, many patients with high grade

STS, including UPS, develop metastatic disease. Neoadjuvant chemotherapy is a standard approach to mitigate
this risk, but response variability necessitates refined patient selection strategies. This study investigated the
correlation between UPS microenvironment and neoadjuvant chemotherapy response in resectable UPS. The
NEOSARCOMICS study (NCT02789384) enrolled patients with resectable STS from six sarcoma centers in France.
Patients received anthracycline based chemotherapy, followed by surgery. Histological response, gene expression
profiling, and multiplex immunohistofluorescence were performed on baseline and post treatment tumor samples.
Plasma proteomics was analyzed to identify biomarkers. Good responders to neoadjuvant chemotherapy showed
enrichment in genes related to stemness and cell cycle regulation, while poor responders exhibited immune
related gene enrichment. Proteomic profiling revealed immune pathway activation and downregulation of cell
cycle pathways in non responders. Despite being associated with a good prognosis, high immune infiltration,
particularly of CD8+T cells and CD20+B cells, predicts a poor response to neoadjuvant chemotherapy in UPS,
suggesting the need for alternative therapeutic strategies for patients with inflamed UPS.Ongoing clinical trials are
exploring the efficacy of combining chemotherapy with immune checkpoint inhibitors to improve outcomes.
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To the Editor

Undifferentiated pleomorphic sarcomas (UPS) are a
prevalent and aggressive subtype of soft tissue sarco-
mas (STS) in adults [1]. We have previously shown that
there are two distinct UPS subgroups: immune high, with
increased immune infiltrates and upregulated immune
checkpoints, associated with lower metastatic relapse
and better survival; and immune low, characterized by
more gene copy number alterations, particularly in tumor
suppressor genes, and a poorer prognosis [2].

Neoadjuvant chemotherapy is often used to reduce the
risk of metastatic relapse in patients with high-grade UPS
[3], though its variable efficacy necessitates better patient
selection strategies. Studies in epithelial tumors have
shown a link between the tumor microenvironment and
chemotherapy response [4]. We hypothesize that UPS
response to neoadjuvant chemotherapy is influenced by
immune cell composition.

To confirm the prognostic value of the immune classifi-
cation of UPS we previously identified [2], we first inves-
tigated whether the amount of tumor infiltrating immune
cells influenced the risk of metastatic relapse and death in
a cohort of 47 patients with UPS who underwent surgery
for localized disease. Tissue microarrays of UPS samples
were stained with the multiplex IHF panel combining
CD8, CD14, CD20, CD45, CD68, cMAF and DAPI mark-
ers (Supplementary Methods, Supplementary Fig. 1A).
The patients’ characteristics are described in Supple-
mentary Table 1. We observed that patients with high
SARCULATOR total score, e.g. low survival probabili-
ties, were less infiltrated in immune cells and notably in
CD8+cells and M1 macrophages (CD68+/cMAF cells)
(Supplementary Fig. 1B). Similarly, patients with high
levels of CD20+, CD8+, CD14+cells or M2 macrophages
(CD68+/cMAF +cells) tend to have a better overall sur-
vival than UPS patients with lower infiltration (Supple-
mentary Fig. 1C).

Then to decipher the impact of UPS microenviron-
ment on response to neoadjuvant chemotherapy, we first
performed gene expression profiling of baseline samples
from 24 patients with resectable UPS who were treated
with anthracycline based neoadjuvant chemotherapy and
enrolled in the NEOSARCOMICS study (Supplemen-
tary Table 2, Supplementary Methods, Fig. 1A). Twelve
patients had a good histological response after central
blinded pathological assessment. The examination of dif-
ferential gene expression between good responders and
poor responders to neoadjuvant chemotherapy unveiled
1058 genes (Fig. 1B Supplementary Table 3).

The good responders group showed significant enrich-
ment in genes related to stemness, cell cycle regulation,
and oncogenesis (Fig. 1C, Supplementary Table 3). This
included key genes like LHXS, involved in stem cell fate
[5]; CCNE1, CDC25A, and CDK2, which regulate the

Page 2 of 6

G1/S cell cycle transition [6]; DNA polymerase genes
(POLE, POLM, POLD1); and FGFR2, previously identi-
fied in the immune low UPS subgroup [2]. In contrast,
poor responders exhibited enrichment in genes related
to immune response pathways, such as type I IEN signal-
ing and myeloid and lymphocyte activation, suggesting a
strong immune presence in the tumor microenvironment
(Fig. 1C, Supplementary Table 3). CIBERSORT analy-
sis further revealed that poor responders were highly
enriched in immune cells (Fig. 1D).

To visualize the difference in immune cell abundances
between responders and non-responders and confirm
gene expression data, baseline tumor samples were
stained with the multiplex IHF panel CD8 / CD14 / CD20
/ CD45 / CD68 / cMAF / DAPI (Supplementary Meth-
ods, Fig. 2A). Quantification of immune cell density con-
firmed that baseline samples from patients with a poor
response to neoadjuvant chemotherapy tended to be
highly infiltrated by immune cells (Fig. 2B and C). Analy-
sis of plasma proteins (Supplementary Methods, Fig. 2D)
differentially expressed at baseline between CD8+High
and Low UPS patients highlighted the upregulation of
cell cycle pathways in patients with low immune infiltra-
tion (Fig. 2E F).

To assess the impact of neoadjuvant chemotherapy on
the tumor microenvironment, we analyzed gene expres-
sion profiles from paired pretreatment biopsy and surgi-
cal specimens in responders (#=3) and non-responders
(n=5) (Supplementary Fig. 2A). Differentially expressed
genes at surgery varied significantly between the two
groups (Supplementary Fig. 2B). Hallmark gene signa-
ture analysis showed that allograft rejection was ele-
vated in responders, while TNFa and Wnt/Bcatenin
signaling were specific to non-responders (Supplemen-
tary Fig. 2C). Deconvolution analysis revealed increased
infiltration of cytotoxic CD8+T cells and CD20+B cells
in responders, but not in non-responders (Supplemen-
tary Fig. 2D). Additionally, plasma proteomics linked a
good response to higher levels of CD5L and lower levels
of GDF 15 (Supplementary Fig. 3).

While high immune infiltration of UPS correlates with
better survival, it predicts poor pathological response
to chemotherapy, emphasizing the complex role of the
tumor microenvironment. A key factor may be the pres-
ence of M2 macrophages, enriched in non-responders,
which are linked to chemoresistance by suppressing T
cell function and promoting tumor survival [7, 8]. Regu-
latory T cells (Tregs) were also enriched in poor respond-
ers, mirroring findings in breast cancer, where Tregs are
linked to poor chemotherapy responses [9, 10].

Although this study focused on immune infiltration,
the stromal and extracellular matrix (ECM) components
of the tumor microenvironment also likely affect chemo-
therapy response by acting as physical barriers to drug
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Fig. 1 Response to neoadjuvant chemotherapy correlates with high proliferation and low immune infiltration phenotype. (A) Workflow of RNAseq
experiment performed on baseline tumor samples from UPS patients treated with neoadjuvant chemotherapy. (B) Volcano plot representation of genes
differentially expressed between responder (R) and non responder (NR) patients. (C) Heatmap visualization of Gene Ontology biological process enrich-
ment scores. (D) Boxplot representation of immune cells estimation (CIBERSORT) according to response to neoadjuvant chemotherapy. P values were

calculated using Wilcoxon tests

delivery [11]. Conversely, the immune low group may
respond better to chemotherapy, with an enrichment of
genes involved in cell cycle regulation and oncogenesis
[2].

Our results could help stratify UPS patients by immune
status for more personalized treatments. Our findings
suggest that standard chemotherapy may not be opti-
mal for immune high UPS patients. Combining chemo-
therapy with immune checkpoint inhibitors or targeting

tumor-associated macrophages could offer better out-
comes [12]. Ongoing studies, such as NCT04968106,
are exploring chemoimmunotherapy combinations in
high-grade UPS, with histological response as a primary
endpoint, potentially advancing our understanding of
immune-tumor interactions.
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Fig. 2 (See legend on next page.)
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Fig. 2 Poor response to neoadjuvant chemotherapy is associated with baseline immune infiltrates in UPS patients. (A) Workflow of multiplex IHF valida-
tion experiment (left). Representative images of tumor FFPE section of non responder (NR) and responder (R) patients stained with the multiplex panel
CD8/CD14/CD20/CD45 / CD68 / cMAF / DAPI. (B) Heatmap visualization of cell densities of indicated immune cell populations in UPS patients. (C) Box-
plot representation of CD8 + cell densities according to percentage of tumors cell at surgery. P values were calculated using Wilcoxon tests. (D) Workflow
of plasma proteomic analysis using Olink Explore 3072. (E) Volcano plot representation of protein differentially secreted at baseline between CD8+ high

and low UPS patients. (F) Bubble plot of Gene Ontology terms enrichment
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