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In this issue of Cell Reports Medicine, Qin et al.' present a comprehensive single-cell transcriptomics anal-
ysis of the tumor microenvironment of rectal cancer tumors before and after neoadjuvant chemotherapy.

Colorectal cancer (CRC) is the second
most common cause of cancer-related
deaths worldwide.? Although colon can-
cer confined to the bowel and local lymph
nodes can be effectively treated with sur-
gery followed by adjuvant chemotherapy,
in more advanced stages, rectal cancer
(RC) remains an ongoing treatment chal-
lenge, primarily due to the anatomic loca-
tion of the disease. The current mainstay
of treatment for locally advanced RC is
surgical resection preceded by neoadju-
vant radiation or chemoradiation to
reduce local recurrence. However, these
therapies are often associated with signif-
icant morbidities, including urinary and
sexual dysfunction and fecal inconti-
nence. More recently, neoadjuvant ther-
apy with chemotherapy consisting of a
fluoropyrimidine (capecitabine or 5-FU)
in combination with oxaliplatin has been
shown to be effective in the neoadjuvant
setting with similar rates of local control
and the occurrence of distant metasta-
ses.®™®

The response to neoadjuvant chemo-
therapy (NAC) in RC is highly heteroge-
neous, ranging from rare progressive dis-
ease to complete pathologic responses.
The ability to predict these responses to
therapy would be of great value in deter-
mining the optimal treatment plan for indi-
vidual patients. In addition, a better un-
derstanding of cellular responses in the
context of a complex tissue architecture
will be essential for the development of
more effective therapies in this setting.
To achieve this, a comprehensive high-
resolution analysis of RC tissues consist-
ing of both treatment-naive and post-

treatment samples is essential. To date,
such datasets have been lacking as they
are technically and logistically very diffi-
cult to obtain. Therefore, the efforts
described in this issue by Qin et al.” to
generate a highly valuable cohort need
to be applauded.

Qin and colleagues use single-cell tran-
scriptomics (scRNA-seq) and spatial tran-
scriptomics profiling to define the cellular
composition of the tumor microenviron-
ment (TME) in 29 RC patients. Impor-
tantly, tumor samples were collected
both before and after NAC without radia-
tion treatment (Figure 1). These data
provide a unique and rare insight into the
tumor tissue response to NAC and
the potential mechanisms that underlie
response and resistance to chemo-
therapy treatment. Although previous
studies have profiled human CRC sam-
ples using scRNA-seq in various con-
texts, most focus on specific cellular
compartments and lack paired pre- and
post-treatment samples.® In contrast,
the dataset presented by Qin and col-
leagues profiles stromal, immune, and
epithelial cells from pre-treatment bi-
opsies and post-treatment surgical resec-
tion samples, offering unprecedented
insight into cellular heterogeneity and
positioning, response to treatment, and
association with clinical outcome.

A particular strength of the study is the
clear clinical annotation that comes with
the dataset, including patient and patho-
logical characteristics, as well as details
regarding the exact composition of the
systemic therapy received, such as the
duration of therapy and the clinical and

pathological response. The presented
data are not only valuable for RC but
also for colon cancer given the biological
similarities between these disease loca-
tions and the treatments.

In their manuscript, Qin and colleagues
present several analyses that demon-
strate the potential utility of the dataset.
In one example analysis, they use correla-
tions between clinical response and can-
cer-associated fibroblast (CAF) cell sub-
type abundance to propose potential
roles of CAF subtypes in promoting the
anti-tumor immune response and epithe-
lial-mesenchymal transition following
NAC. They demonstrate that CAF tran-
scriptional phenotypes are significantly
different between post-treatment sam-
ples of patients who exhibited complete
tumor regression versus patients who
did not respond to treatment, suggesting
a role for CAFs in NAC treatment resis-
tance. These findings are of particular
interest and provide greater resolution
to previous studies that used bulk
sequencing to implicate genes, particu-
larly those related to transforming growth
factor-B (TGFB) signaling in the tumor
stroma, to poor outcomes in multiple
CRC subtypes.” Further analysis of the
stromal compartment paired with mecha-
nistic preclinical studies are warranted to
better understand the disease-promoting
and therapy-resistant mechanisms of
RC CAFs.

In addition to scRNA-seq data, the
study also consists of samples derived
from four patients for which spatial tran-
scriptomics was performed. Throughout
the study, findings in the scRNA-seq are
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Figure 1. Schematic of study design in Qin et al.
The authors collected pre- and post-treatment tumor samples from 29 patients treated with NAC. Sam-
ples were processed for scRNA-seq, with a subset also analyzed using spatial transcriptomics profiling.

Created with BioRender.com.

mapped onto the spatial maps to provide
insight into interactions between various
cell (sub)types. For example, different
CAF subsets colocalize with distinct im-
mune subsets in responders versus non-
responders. However, these integrative
analyses also demonstrate the inherent
difficulties of this approach, as sample
numbers in these types of studies so far
have been limited and the power to draw
definitive conclusions is therefore rela-
tively low. This is particularly relevant in
a highly heterogeneous disease such as
CRC. Continued improvements in spatial
technologies to bring down costs, as
well as the development of standardized
analytical methods for the integration of
scRNA-seq with spatial omics, will be crit-
ical to fully realize the benefits of these
technologies in the future.

Nonetheless, the data made available
by Qin and colleagues in this issue of
Cell Reports Medicine are a highly valu-
able resource and provide a roadmap
for future study design wherein pre-
and post-treatment tissue sampling is
possible. As the standard-of-care treat-
ment landscape for advanced RC
evolves, with recently reported results
suggesting a benefit of total neoadjuvant
therapy over chemoradiotherapy and
encouraging results of immune check-
point therapy in mismatch-repair-defi-
cient cases, follow-up studies will be
critical to understand the cellular mecha-

nisms underlying clinical response and
resistance in the various subtypes and to
discover potential targets for combination
treatment.®'°
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