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Esophageal squamous cell carcinoma (ESCC) stands as
a lethal disease, ranking as the seventh leading cause of
cancer-related mortality worldwide (1,2). Despite the
current therapeutic standards employing neoadjuvant
chemoradiotherapy followed by surgery for locally advanced
ESCC, the clinical benefits remain suboptimal (3,4). The
evolving landscape of cancer treatment has witnessed
the emergence of immunotherapy, particularly immune
checkpoint blockade (ICB), as a promising avenue for
addressing the challenges posed by advanced esophageal
cancer (5). Neoadjuvant ICB (NICB) therapy before
esophagectomy has surfaced as a potential solution, and in
this editorial, we aim to dissect the details of this approach,
offering insights from a comprehensive single-cell
perspective.

The recent study by Liu er 4/. utilized cutting-edge
single-cell RNA sequencing (scRNA-seq) to thoroughly
examine the tumor microenvironment (TME) of locally
advanced ESCC undergoing NICB therapy (6). SCRNA-
seq is a powerful technique that allows researchers to
analyze gene expression at the individual cell level. Unlike
traditional bulk RNA sequencing, which provides an
average expression profile for a population of cells, scRINA-
seq captures the transcriptome of each individual cell.
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This enables the identification of cellular heterogeneity
within a sample, unveiling variations in gene expression
patterns among different cells. By offering a more detailed
and precise understanding of cellular diversity, scRNA-
seq contributes to uncovering detailed insights into
complex biological processes and disease mechanisms. This
sophisticated approach reveals a subset of exhausted CD8"
T cells expressing SPRY1 with a progenitor phenotype.
The identification of this distinctive profile associated
with heightened responsiveness to NICB unveils SPRY]1
as a potential biomarker for guiding patient selection in
ESCC immunotherapy. The findings usher in a deeper
understanding of the mechanisms supporting NICB
sensitivity, laying the foundation for more personalized and
effective treatment strategies in ESCC.

The comprehensive exploration of the TME dynamics
is a hallmark of this study. Tumor specimens collected from
patients participating in a phase II clinical trial investigating
the efficacy of NICB before esophagectomy serve as a
valuable resource for the single-cell analysis. The NICB
regimen, comprising anti-programmed cell death 1 (anti-
PD-1) plus chemotherapy, is chosen for its established
safety and efficacy in advanced, inoperable ESCC. The
utilization of scRNA-seq on paired pre-treatment and post-
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treatment tumors provides a detailed cell atlas, allowing for
a detailed evaluation of the changes induced by NICB.

The evaluation of NICB efficacy, revealing complete
regression (CR) in three patients and non-complete
regression/response (NCR) in four patients, is a pivotal
observation. Genomic analysis confirming typical ESCC
alterations in these patients aligns with the broader
molecular landscape of this aggressive cancer. The scRINA-
seq analysis identifies immune and non-immune cell clusters
shared across patients, treatments, and responses. However,
the CR group stands out, demonstrating a significant
change in TME appearance, suggesting a potential NICB-
induced cellular remodeling effect. Principal components
analysis further reveals a pattern indicative of a successful
antitumor response in the CR group.

Digging deeper into the specific CD8" exhausted T
cell (Tex) populations, the study observes higher PD-1
expression in the CR group, emphasizing the pivotal role of
CD8" T cells in NICB for ESCC. The identification of two
transcriptionally heterogeneous CD8" Tex clusters, CD8"
Tex-SPRY1 and CD8" Tex-XAF1, adds granularity to the
analysis. CD8" Tex-SPRY1, with elevated SPRY1 expression
and a progenitor-like phenotype, emerges as a distinct
subset associated with heightened antitumor responses.
Trajectory analysis delineates the progression from early-
stage exhausted cells with a progenitor phenotype (CD8"
Tex-SPRY1) to a more terminally exhausted state (CD8"
Tex-XAF1), offering insights into the complex landscape of
ESCC immunotherapy response.

Building upon these findings, the study explores the
predictive value of CD8" Tex-SPRY1 cells as a biomarker
for NICB outcomes. In the discovery cohort, a higher
proportion of CD8" Tex-SPRY1 cells in CR tumors before
treatment correlates significantly with NICB-induced tumor
response, proposing its potential as a predictive biomarker.
Validation cohorts further support these observations,
demonstrating the effectiveness of CD8" Tex-SPRY1 cells
across different treatment subgroups. Importantly, CD8"
Tex-SPRY1 cells surpass programmed death-ligand 1 (PD-
L1) as a predictive biomarker, underlining their robustness
in guiding NICB benefits in ESCC.

The study’s extension into external validation cohorts,
including ESCC treated with anti-PD-1 alone, reaffirms
the specificity of CD8" Tex-SPRY1 as an immunotherapy
biomarker. High CD8" Tex-SPRY1 signature expression
significantly correlates with better clinical response and
improved overall survival, outperforming PD-L1. The
specificity of CD8" Tex-SPRY1 as a predictive biomarker for
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immunotherapy in ESCC is further emphasized by the lack
of significant association with non-immunotherapy cohorts,
such as those treated with neoadjuvant chemoradiotherapy
and upfront surgery.

Moving beyond the tumor-centric perspective, the study
delves into the biological importance of CD8" Tex-SPRY1
cells. Adoptive cell transfer experiments in a tumor-bearing
mouse model demonstrate enhanced anti-tumor responses,
particularly in the presence of anti-PD-1 therapy, validating
scRNA-seq findings. The exploration of non-invasive
biomarkers, such as SPRY1 expression in peripheral blood
from ESCC patients, further bolsters the potential clinical
relevance of CD8" Tex-SPRY1 cells.

Moreover, the investigation into the interplay between
CD8" Tex-SPRY1 cells and macrophages adds a layer
of complexity to the understanding of immunotherapy
outcomes in ESCC. The identification of distinct
macrophage subsets, particularly those exhibiting a
proinflammatory/M1 polarization enriched in CR tumors,
emphasizes the potential synergy between CD8" Tex-SPRY1
cells and the immune-activated macrophages. The ligand-
receptor interactions, with CD8" Tex-SPRY1 cells emerging
as pivotal players, highlight the complex communication
within the TME. IFNG and TNF produced by CD8" Tex-
SPRY1 cells are identified as crucial regulators inducing
a proinflammatory macrophage phenotype, unveiling
potential mechanisms for improved antitumor immunity in
ESCC.

The study’s exploration of B cells and tertiary lymphoid
structures (TLS) adds another layer to the multifaceted
immune response in ESCC. The activated state of B cells
in pre-treatment tumors of the CR group, particularly
within TLS, signifies their potential contribution to
ESCC immunotherapy. The significant increase in TLS
activity post-NICB treatment, especially in the CR group,
aligns with the enhanced disease-free survival observed in
ESCC undergoing upfront surgery. The study’s functional
enrichment analysis of B cell subsets further emphasizes
their dual significance in immunotherapy and ESCC
prognosis.

In conclusion, this comprehensive study provides a
detailed and multidimensional perspective on NICB in
ESCC. The integration of scRNA-seq into the evaluation
of treatment response and the identification of CD8" Tex-
SPRY1 cells as a potential predictive biomarker open new
avenues for personalized and effective immunotherapeutic
strategies. The complex interactions among CD8" Tex-
SPRY1 cells, proinflammatory macrophages, and TLS-
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related B cells shed light on the collaborative efforts within
the TME to enhance antitumor immunity.

While the study of Liu et 4l. offers valuable insights, it is
essential to acknowledge certain limitations, including the
small sample size and disease-specific considerations (6). A
larger cohort is essential for robustness, additional aspects
warrant consideration. The application of scRNA-seq
introduces specific challenges, including potential biases
and complexities in data interpretation. Moreover, the
heterogeneity within ESCC itself may pose challenges in
extrapolating findings to broader contexts. To address these
concerns, future studies should explore the generalizability
of scRNA-seq across different cancer types and acknowledge
the intricacies of ESCC heterogeneity. The journey from
bench to bedside is a complex one, and this study serves as
a significant step forward in unraveling the complexities of
ESCC immunotherapy. As we navigate the era of precision
medicine, the identification of predictive biomarkers and the
elucidation of intricate immune cell interactions pave the
way for more effective and tailored treatment approaches in
the relentless battle against ESCC.
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