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Background: Studies evaluating sex differences in colorectal cancer (CRC) tumor microenvironment are limited, and no previous
study has focused on rectal cancer patients’ constitutive immune surveillance mechanisms. The authors aimed to assess gender-
related differences in the immune microenvironment of rectal cancer patients.
Methods: A systematic review andmeta-analysis were conducted up to 31May 2021, including studies focusing on gender-related
differences in the CRC tumor microenvironment. Data on the mutational profile of rectal cancer were extracted from the Cancer
Genome Atlas (TCGA). A subanalysis of the two IMMUNOREACT trials (NCT04915326 and NCT04917263) was performed, aiming
to detect gender-related differences in the immunemicroenvironment of the healthy mucosa in patients with early (IMMUNOREACT 1
cohort) and locally advanced rectal cancer following neoadjuvant therapy (IMMUNOREACT 2 cohort). In the retrospective
IMMUNOREACT 1 cohort (therapy naive), the authors enrolled 442 patients (177 female and 265 male), while in the retrospective
IMMUNOREACT 2 cohort (patients who had neoadjuvant therapy), we enrolled 264 patients (80 female and 184 male). In the
prospective IMMUNOREACT 1 cohort (therapy naive), the authors enrolled 72 patients (26 female and 46 male), while in the
prospective IMMUNOREACT 2 cohort (patients who had neoadjuvant therapy), the authors enrolled 105 patients (42 female and
63 male).
Results: Seven studies reported PD-L1 expression in the CRC microenvironment, but no significant difference could be identified
between the sexes. In the TGCA series, mutations of SYNE1 and RYR2 were significantly more frequent in male patients with rectal
cancer. In the IMMUNOREACT 1 cohort, male patients had a higher expression of epithelial cells expressing HLA class I, while female
patients had a higher number of activated CD4+Th1 cells. Female patients in the IMMUNOREACT 2 cohort showed a higher
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infiltration of epithelial cells expressing CD86 and activated cytotoxic T cells (P=0.01).
Conclusions: Male patients have more frequent oncogenemutations associated with a lower expression of T-cell activation genes.
In the healthy mucosa of female patients, more Th1 cells and cytotoxic T cells suggest a potentially better immune response to the
tumor. Sex should be considered when defining the treatment strategy for rectal cancer patients or designing prognostic scores.

Keywords: gender-related difference, immune surveillance mechanisms, rectal cancer, tumor microenvironment

Introduction

Colorectal cancer (CRC) represents a major cause of cancer-
related death worldwide, accounting for ~147 950 new cases and
53 200 deaths in the United States in 2020. Of these, ~43 340
cases were due to rectal cancer[1]. The prognosis and treatment of
rectal cancer are strictly dependent on the stage of the disease,
according to the American Joint Committee on Cancer’s tumor-
node-metastasis (TNM) staging system[2]. Nevertheless, reliable
prognostic criteria, which can help predict tumor behavior and
aggressiveness, thus guiding therapeutic choices, are still lacking.

The role of the immune microenvironment in the prognosis of
CRC has been widely investigated, and some authors have speci-
fically focused on the role of the immune response in predicting the
survival of rectal cancer patients[3]. Recently, Däster et al.[4] sug-
gested that, in early rectal cancer, the levels of CD8+ T-cell infil-
tration could help in predicting nodal involvement, thus critically
influencing patients’ treatment possibilities. Moreover, the cell
density of stromal Foxp3( + ), a marker of Treg (regulator T cells)
lymphocytes, is strongly associated with tumor regression grade
and recurrence-free survival in patients with locally advanced
rectal cancer (LARC, i.e. staged T3–T4 or node-positive)[5].

Sex is an important biological determinant of the immune
response to cancer, and some differences between sexes have been
reported regarding rectal cancer, which is significantly more com-
mon in male patients, with a reported male-to-female incidence rate
ratio of 1.62[1]. Women with CRC have also been reported to be
diagnosed at a more advanced stage and in an emergency, but they
have better survival rates compared to their male counterpart[6].
Some studies analyzed the impact of female hormones on the
tumoral microenvironment in murine cancer models: estrogens
were identified as regulators of a prometastatic immune micro-
environment in the liver[7], while estradiol (E2) has been found to
considerably increase programmed death ligand 1 (PD-L1) protein
expression in endometrial and breast cancer[8]. The binding of PD-
L1 to its receptor, programmed cell death protein 1 (PD-1), inhibits
the activations of tumor-infiltrating lymphocytes, allowing for
tumor cells to escape immunosurveillance[9]. The role of PD-L1 in
defining the prognosis of CRC is still debated, although, in most
studies, PD-L1 expression has been associated with poor clinical
outcomes[10]. Other mutations, influencing the tumor micro-
environment (TME) and modulating patients’ immune responses,
have been described in the literature[11,12]. Nevertheless, despite
some convincing results, studies evaluating sex differences in the
context of the tumoral microenvironment in CRC are limited.
Moreover, no previous study focused on the constitutive immu-
nosurveillance mechanism of patients with rectal cancer and, even
less, on the potential differences between sexes in terms of the rectal
mucosa immune system. Thus, the aim of the present study
(IMMUNOREACT 5) was to assess the differences in the rectal
mucosa immune microenvironment between male and female
patients and their relation with clinicopathological characteristics
and the outcome of rectal cancer.

Methods

Study design

The present study (IMMUNOREACT 5) aimed to assess the dif-
ferences in the immune microenvironment in the rectal mucosa
between male and female patients with rectal cancer. We designed
the study in three different steps. First, we performed a systematic
review on immune surveillance-related gene expression in male and
female rectal cancer patients; second, we evaluated the different
mutations in rectal cancer in male and female patients; and third,
we evaluated the difference in terms of immune surveillance gene
expression in the healthy rectal mucosa surrounding rectal cancer
in the patients enrolled in the IMMUNOlogical microenvironment
in Rectal Adenocarcinoma Treatment (IMMUNOREACT) trial.
The work has been reported in line with the STROCSS,
Supplemental Digital Content 1, http://links.lww.com/JS9/A51
criteria[13] and it was registered at the Research Registry with the
unique identifying number: researchregistry8499 (https://www.
researchregistry.com/browse-the-registry#home/registrationdetails/
637b729fba31a1002144c8eb/).

The IMMUNOREACT protocol was approved by the ethical
committee of the coordinating center (CESC code 4448/AO/20)
and each of the collaborating centers. The two arms of the trial
(i.e. IMMUNOREACT 1 and IMMUNOREACT 2) are regis-
tered at clinicaltrials.gov (NCT04915326 and NCT04917263,
respectively). All the consecutively enrolled patients gave their
written informed consent to be enrolled in the study. The study
was conducted according to Helsinki’s declaration principles and
it received funding from AIRC under IG 2019 – ID. 23381
project to MS.

SYSTEMATIC REVIEW: search methods

A systematic review was conducted according to the Preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) guidelines[14]. Institutional Review Board approval
was not required. We included studies focusing on the following
issues: assessing tumoral microenvironment in the surgical spe-
cimen of patients with histologically confirmed colorectal or

HIGHLIGHTS

• Currently, few studies address the gender-related differ-
ence in the tumor microenvironment.

• SYNE 1 and RYR2 mutations in rectal cancer are more
frequent in males, modeling it unfavorably.

• A high number of CD4+ Th1 cells shows active immune
surveillance in women with early rectal cancer.

• Women who had neoadjuvant therapy showed a more
functional interaction between epithelium and T cells.

• Sex should be considered when defining the management
of rectal cancer patients.
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rectal cancer; the correlation between tumoral microenvironment
and clinicopathological features and/or outcome and prognosis;
sex differences among tumoral microenvironment and their
association with survival outcome and/or clinical and patholo-
gical aspects.

An electronic search for relevant publications in English lit-
erature up to 31 May 2021 was performed by three independent
reviewers (M.C., G.S., M.S.) using Medline/PubMed, Embase,
Scopus, and the Cochrane Database of Systematic Reviews. The
search headings are reported in Supplementary Table 1,
Supplemental Digital Content 2, http://links.lww.com/JS9/A52.
A manual cross-reference search of the eligible papers was per-
formed to identify additional relevant articles. All titles were
initially screened, and appropriate abstracts were reviewed. Each
of the relevant publication reference sections and Google Scholar
were also screened for other applicable publications. Study
selection is shown in Figure 1.

External cohort

Data on the mutational profile of rectal adenocarcinoma were
extracted from the Cancer Genome Atlas (TCGA) deposited
public database, available at: https://gdc.cancer.gov/resources-

tcga-users/tcga-code-tables/tcga-study-abbreviations[15]. This
data set contains mutation and gene expression profiles of rectal
cancer in different settings. The PanCancer study encompassed
11 286 tumor samples from 33 cancer types, for which molecular
data were available from at least one of the five assay platforms.
Of these, 9759 had complete data for four platforms: aneuploidy
and mutations, DNA methylation, mRNA, and miRNA. RPPA
protein data were available for a subset of samples (7858). We
selected the data set to include patients with rectum adenocarci-
noma (READ). Original data were plotted on a novel database
and analyzed.

IMMUNOREACT: study design

The IMMUNOlogical microenvironment in Rectal Adenocarcinoma
Treatment (IMMUNOREACT) study was designed to answer the
following questions: (IMMUNOREACT 1) is it possible to predict
the presence of nodal metastasis in patients with early rectal cancer?
(IMMUNOREACT 2) is it possible to identify, among LARC, those
with sustained complete response to neoadjuvant chemotherapy/
radiotherapy?

The study started in 2019 and is currently ongoing in nine
Italian centers (secondary or tertiary center in North-Central

Figure 1. (A) PRISMA flowchart describing the different steps of the studies selection. (B) Selected studies characteristics.
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Eastern Italy). Inclusion criteria for the first aim of the study
(IMMUNOREACT 1) were: patients who underwent a surgical
procedure for T1 and T2 rectal carcinoma, with a minimal
number of 10 retrieved lymph nodes in case of anterior resection
or Miles abdominal perineal resection, with full availability of
clinical records, and at least 1 year of follow up. Inclusion criteria
for the second aim of the study (IMMUNOREACT 2) were:
patients with locally advanced (cT3-4 and/or N+ , TNM stage II–
III) low and medium rectal cancer (<11 cm) or low rectum
adenocarcinoma cT less than or equal to 2, at risk for abdomi-
noperineal amputation, undergoing neoadjuvant therapy
including long course radiotherapy (45 Gy) and fluoropyr-
imidine-based regimens, treated at least 6 weeks after the end of
the neoadjuvant therapy and with full availability of clinical
records at least 1 year of follow up. The studywas articulated into
a retrospective and exploratory step (step A) and a prospective
validation step (step B). The first step (step A) was conducted on
formalin-fixed paraffin-embedded (FFPE) slides retrieved from
the pathology archives, testing a panel of molecular markers
exploring the immune reaction to cancer (i.e. antigen-presenting
cells and T lymphocytes activation). The second step (step B) was
conducted on fresh tissue samples obtained from normal rectal
mucosa proximal (3–15 cm) to cancer or to the site of previous
cancer (in the case of a complete response to chemo radio ther-
apy) at the time of surgery.

Histopathology

Histopathological examination of all resected specimens con-
sisted of evaluation of tumor stage, residual tumor, grading, and
number of lymph nodes involved. The specimens were fixed in
10% formaldehyde and set in paraffin. The lymph nodes were
counted and assessed by a pathologist. Nodal status (N0, N1)
was evaluated in accordance with the 8th edition of the TNM
classification, but for the purpose of this study, the number of
metastatic lymph nodes and their site were also analyzed[16].
Tumor lymphomonocytic infiltrate was classified as high grade,
low grade, or absent.

Immunohistochemistry

In the retrospective step of the study a panel of immunohis-
tochemistry (IHC) markers, similar to that adopted by Pagès
et al.[17] in their seminal study, (CD3 (pan T-cell marker), CD4
(T-helper marker), CD8 (cytotoxic marker), CD8beta (marker of
cytotoxic activation), Tbet (T-bet: T-box expressed in T cells, a
Th1 marker), FoxP3 (forkhead box P3, a Treg marker), and PD-
L1 (programmed death ligand 1) of immune surveillance are
tested on the healthy rectal mucosa according to the concept of
the field cancerization.

Tissue microarray construction was performed after selecting
two healthy rectal mucosa areas from two separate FFPE blocks.
Then two tissue cores (1 mm diameter) were punched out of these
areas using the Tissue ArrayerMinicore 3 (Alphelys, Plaisir,
France), as previously described[18]. IHC analyses were performed
using standard procedures, and the resulting sections were
evaluated by a single pathologist in a blinded fashion.
Immunocomplexes were detected using the Dako Real Envision
System Peroxidase and 3-3′ di-aminobenzidine tetrahydrochloride
cromogen as a substrate (Dako, Glostrup, Denmark) in FFPE sec-
tions. IHC stainingwas performed usingmonoclonal antibodies for
MLH1 (clone ES05, 1 : 100; Dako), PMS2 (clone EP51, 1 : 100;

Dako), MSH2 (clone FE11, 1 : 100; Dako), MSH6 (clone EP49,
1 : 100; Dako), PD-L1 (clone 22C3, 1 : 50; Dako), CD80 (clone
37711, 1 : 40; R&D Systems Inc.), CD8 (clone C8/144B, 1 : 200;
Dako). The sections were lightly counterstained with hematoxylin
and it was performed automatically. Furthermore, for all the IHC
markers (CD3, CD4, CD8, CD8beta, Tbet, FoxP3, and PD-L1) the
absolute number of positive cells was obtained by considering the
mean number of positive cells observed in 5 high-power field
(×40). CD8/CD4, CD8/CD3, CD8beta/CD4, and CD8beta/CD3
ratio were calculated. To assess the T-cytotoxic and activated
T-cytotoxic ratio, frequencies of patients with high Tbet/CD4 and
FoxP3/CD4 ratios were compared with those of patients with
low ratios.

Flow cytometry

Prospectively collected rectal mucosa samples, washed in Hank’s
balanced salt solution containing 10 mmol/l dithiothreitol, were
then digested to obtain single-cell suspensions. Freshly isolated
cells (105) were stained in PBS/2% FBS with appropriate com-
binations of fluorescein isothiocyanate- and peroxidase-con-
jugated antibodies. Single-cell suspensions were subjected to flow
cytometry to determine the proportion of epithelial cells
(Cytokeratin 20, Cyt-20 + ) acting as antigen-presenting cells
(expressing CD80, CD86, CD40, HLA ABC, or HLA DR) and
the proportion of activated CD8+T cells (CD8+positive for
CD28, CD38, or CD69), inhibitory T cells (CD3 +CTLA-4 + ),
activated CD4+Th cells (CD4+CD25+ ) and of activated T
regulators (CD4+CD25+FoxP3 + ).

Statistical analysis

For primary analyses, we considered the expression of PD-L1
between sexes. Using random effects model meta-analyses, we
calculated the overall frequency of expression of PD-L1 with a
95% CI by pooling the individual frequencies of at least two
primary studies. Forest plots were used to assess statistical het-
erogeneity, and the I2 statistic was calculated (0–40%, not
important; 30–60%, moderate heterogeneity; 50–90%, sub-
stantial heterogeneity; 75–100%, considerable heterogeneity).
The meta-analyses were conducted using Review Manager 5.2.
Statistical analysis of the TCGA and IMMUNOREACT datasets
was performed using R 4.0 (R Foundation for Statistical
Computing)[19]. Descriptive statistics were reported as mean (SE)
for continuous variables and percentages (absolute numbers) for
categorical variables. Fishers’ test was used to compare
dichotomic variables and the Mann–Whitney U-test for com-
parisons of continuous variables. Survival analysis was per-
formed with the Kaplan–Meier method, and the Cox F-test was
used to compare the overall survival between the two groups. Set
the standardized effect size at 0.80, a probability of type I error
(alpha) at 0.05 and a probability of type II (beta) error at 0.20 the
minimal sample size was 25 participants per group. Univariable
and multivariable Cox proportional hazard models were used to
assess the correlation between sex and the expression of immu-
nological gatekeepers in healthy rectal mucosa, and a P value less
than 0.05 was considered statistically significant.
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Results

PD-L1 expression in rectal cancer females andmale patients

To assess the differences in the tumor immune microenvironment
between sexes, tumor expression of PD-L1 in tumors from
females and males investigated. Six studies compared PD-L1
expression in male and female CRC patients[20–25], while one
study reported only on MSI-H CRC patients[26]. No significant
difference could be identified between sexes, with male patients
having only a slightly lower probability to have PD-L1 positive
tumors (odds ratio=0.95, 95% CI= 0.80–1.14 fixed + random
model) (Figs 2a, 3b). These findings suggest that currently there is
insufficient evidence about the difference between sexes in term of
immune microenvironment in rectal cancer.

Mutational analysis in females and male patients with rectal
cancer

Therefore, to assess the differences in the mutational rate between
sexes, the rate of the most frequently mutated genes was com-
pared in females and males within the TGCA rectal cancer series.
No difference was observed in terms of antigen-presenting cells,
TP53, TTN, KRAS, CSMD1, MUC16, SMAD4, ASXL1, FAT4,
PTPRT, RBFOX1, DMNT3B, FBXW7, FLG, BPI, RALGAP8,
LRP1B, and MROH8 (Fig. 3a). On the contrary, as shown in
Figure 3b, mutations of SYNE1 and RYR2 were significantly
more frequent in male patients with rectal cancer than in female
ones (P=0.04 and<0.001, respectively). Both of these genes have
immunological implications, and we observed that male patients
with RYR2 mutations had higher PD-L1 expression (P=0.05)
(Fig. 3c). Moreover, among patients with SYNE1 mutations,
either male or female patients had a higher expression of CTLA-4
(P= 0.05) while only male patients had a higher expression of
PD-L1 (P= 0.05) (Fig. 3d). These findings suggest that the most
commonly mutated genes in males are associated with a higher

expression of immune checkpoint genes, leading to a weaker
immune microenvironment in rectal cancer in male patients.

Differences in the mucosal immune microenvironment of
male versus female rectal cancer patients at basal condition

Then, to investigate the role of the constitutive immune surveil-
lance mechanisms in patients with rectal cancer, we performed
IHC and FACS analysis in the ‘healthy’ rectal mucosa sur-
rounding the cancer. In the retrospective IMMUNOREACT 1
cohort (therapy naive), we enrolled 442 patients (177 female and
265 male), while in the prospective IMMUNOREACT 1 cohort
(therapy naive), we enrolled 72 patients (26 female and 46 male).
The patient’s characteristics are shown in Supplementary
Table 1a–b, Supplemental Digital Content 2, http://links.lww.
com/JS9/A52. The mean fluorescence intensity (MFI) for epithe-
lial cells (CK+ cells, expressing Cytokeratin 20, Cyt-20 + ) acting
as antigen-presenting cells (expressing HLA ABC) and the pro-
portion of activated CD4+Th1-cell (T-bet + ) in patients with
T1–T2 rectal cancer who had not received neoadjuvant therapy
(i.e. IMMUNOREACT 1 cohort) are depicted in Figure 4. Male
patients had a higher expression of CK+HLA-ABC+ cells,
expressed as MFI, compared to their female counterparts
(P= 0.018, Figs 4.1a). Nevertheless, female patients had a higher
number of activated CD4+Th1-cell (T-bet + , P= 0.05,
Fig. 4.1b). However, as shown in Supplementary Figure 1,
Supplemental Digital Content 3, http://links.lww.com/JS9/A53
the expression of PD-L1 in patients with T1–T2 rectal cancer
tended to be higher in female patients compared to male patients
(P= 0.08). Finally, as shown in Figure 4.1c, in therapy-naive
rectal cancer patients females tended to have a better overall
survival (P=0.07). These findings suggest that, in therapy-naive
rectal cancer in males, there are more antigens (possibly tumor
neoantigens, we do not have data about this) to be presented.
However, female patients show a more favorable immune

Figure 2. (A) Forrest plot describes the relationship between PD-L1 expression and sex, respectively. Funnel plot describes the risk of bias of the meta-analysis. (B)
Forrest plots describes the relationship between PD-1 expression and sex, respectively. Funnel plot describes the risk of bias of themeta-analysis. PD-L1 and PD-1
expression have been dichotomized in the different studies but the cutoff values are not homogeneous.

Gaya et al. International Journal of Surgery (2023)

327

http://links.lww.com/JS9/A52
http://links.lww.com/JS9/A52
http://links.lww.com/JS9/A53


microenvironment with a higher Th1-cell rate than male, patients
and these findings are supported by the better overall survival of
these patients.

Differences in the mucosal immune microenvironment of
male versus female rectal cancer patients after neoadjuvant
therapy

Finally, to investigate the effect of neoadjuvant radio-
chemotherapy on the constitutive immune surveillance mechan-
isms within the rectal mucosa of patients with rectal cancer, we
performed IHC and FACS analyses. In the retrospective
IMMUNOREACT 2 cohort (patients who had neoadjuvant
therapy), we enrolled 264 patients (80 female and 184male), while
in the prospective IMMUNOREACT 2 cohort (patients who had
neoadjuvant therapy), we enrolled 105 patients (42 female and 63
male). The patient’s characteristics are shown in Supplementary
Table 2a–b, Supplemental Digital Content 2, http://links.lww.com/
JS9/A52. In the IMMUNOREACT 2 cohort, including patients
with rectal cancer who had neoadjuvant therapy, the MFI for
epithelial cells (CK+ cells, expressing Cytokeratin 20, Cyt-20+ )
acting as antigen-presenting cells (expressing CD86), and for
activated CD8+T cells (positive for CD28) in patients with LARC
who received neoadjuvant therapy is shown in Figures 4.2a and
4.2b, respectively. Female patients had a higher MFI for
CK+CD86+ cells and for CD8+CD28+ cells, compared to their
male counterparts (P=0.03 and 0.01, respectively). Nevertheless,
male patients tended to have a higher number of CD8+ cells at
IHC (P=0.073, Supplementary Fig. 2a, Supplemental Digital
Content 4, http://links.lww.com/JS9/A54). The infiltration of
activated T regulators (FoxP3+ ), was not significantly different in
the two sexes (P=0.107, Supplementary Fig. 2b, Supplemental
Digital Content 4, http://links.lww.com/JS9/A54). Finally, as
shown in Figure 4.2c, in rectal cancer patients, females who

underwent neoadjuvant therapy tended to have better overall
survival (P=0.08). These findings suggest that, in female patients
with rectal cancer who underwent neoadjuvant therapy, there is a
higher activation of epithelial cells acting as antigen-presenting
cells and a corresponding activation of cytotoxic T cells than in
males. These data confirm that female patients show a more
favorable immune microenvironment than male patients, which
can justify a tendency toward better overall survival.

Discussion

The prognostic role of the immune TME in CRC has been
assessed in many studies[27,28]. Recently, the association between
sex and clinical outcome has also been inquired about, based on
the findings of some large studies showing some differences
between men and women concerning the pharmacokinetics and
pharmacodynamics of anticancer drugs, drug toxicity, and tumor
biology. However, the sex difference in terms of immune response
to rectal cancer was scarcely addressed. Since the effect of hor-
monal status on the immune response to cancer know, this could
be a crucial point in the management of these patients. Our study
aims to fill this relevant gap in the current literature by analyzing
all the available evidence concerning sex differences in the TME
of rectal cancer patients and analyzing immune surveillance-
related gene expression in the healthy rectal mucosa surrounding
cancer as a result of the IMMUNOREACT project. This project
was designed to study the immune microenvironment of healthy
mucosa surrounding rectal cancer, with the hypothesis that it
retains a relevant trace of the cross-talk between tumor cells and
the immune system.

In the first step of the study, we performed a systematic review
of immune surveillance-related gene expression in rectal cancer.
The main result of our systematic review andmeta-analysis of the

Figure 3. Analysis on the Cancer Genome Atlas (TCGA) panCancer Atlas (2018) rectal cancer series (READ). (A) Genes with the highest average frequency of
mutations in rectal cancer patients. (B) Among these genes, two, SYNE1 and RYR2, have a higher frequency of mutation in male patients. (C) Effect of mutations of
RYR2 on PD-L1mRNA expression: PD-L1mRNA expression is higher in male patients with mutated RYR2. (D) Effect of mutations of SYNE1 on PD-L1 and CTLA-4
mRNA expression. PD-L1 and CTLA-4 mRNA levels are higher in male patients with mutated SYNE1.
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literature is the lack of reliable results concerning the influence of
sex on the expression of immune surveillance-related genes in
rectal cancer, mainly due to the paucity of available studies or the
lack of stratification for sex in the presentation of the molecular
results[26]. In particular, all the studies that could be selected were
only focused on PD-L1 expression in rectal cancer, while no study
showed the sex difference in terms of T cells subpopulations
within the TME. Thus, the main conclusion of this systematic
review is that, in the current literature, the data are not sufficient
to draw any conclusions about the role of gender in the local
immune response to rectal cancer.

Therefore, in the second step of the study, we aimed to identify
mutations that could be responsible for the differences observed
in the TME of rectal cancer in both sexes. In the TGCA rectal
cancer series, we found that mutations of SYNE1 andRYR2were
significantly more frequent in male patients than in female ones.
Mutations of RYR2 are associated with a higher expression of
PD-L1 in breast cancer patients[11]. Besides, RYR2 represents
per se a powerful immunomodulator, and its mutation has been
found to favor the infiltration of CD8+T cells, activated memory
CD4+T cells, and macrophages[29]. In the TCGA series, we

observed that male patients with RYR2 mutations had a higher
PD-L1 expression, and, among patients with SYNE1 mutations,
either male or female patients had a higher expression of CTLA-4
while only male patients had a higher expression of PD-L1. These
differences seem to explain why male patients, who more fre-
quently have mutations in SYNE1 and RYR2, have a worse
prognosis than female patients. Higher expression of PD-L1 and
CTLA-4 can produce impairment of the immune surveillance
mechanisms, which can directly impact on patient’s survival
probabilities.

In the third step of the study, we studied the microenvironment
of the healthy mucosa surrounding rectal cancer to analyze the
constitutive immunemicroenvironment within the rectal mucosa,
which could explain the different behavior of rectal cancer in
male and female patients. In therapy-naive patients, we observed
that women had a higher number of activated lymphocytes in the
healthy mucosa surrounding rectal cancer. Female patients had a
higher number of activated Th1 cells infiltrating the healthy
mucosa surrounding the tumor. Moreover, these patients have
less HLA class I expressed on their epithelial cells, suggesting
lower antigen expression from these cells compared to male

Figure 4. Analysis of the IMMUNOREACT 1 and 2 cohort. (4.1A) The proportion of epithelial cells acting as antigen-presenting cells (CK+HLA ABC+ ) is higher
males in therapy naive rectal cancer series. (4.1B) The proportion of activated CD4+ Th1-cell (T-bet+ ) is higher in females in therapy naïve rectal cancer series.
(4.1C) Overall survival tends to be better in females in therapy naive rectal cancer series. (4.2A) The proportion of epithelial cells acting as antigen-presenting cells
(CK+CD86+ ) is higher in female patients who had neoadjuvant therapy. (4.2B) The proportion of activated CD8+T cells (CD8+CD28+ ) is higher in female
patients who had neoadjuvant therapy. (4.2C) Overall survival tends to be better in females patients who had neoadjuvant therapy.
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patients. In women, the higher number of activated CD4+Th1
cells is a marker of active immune surveillance mechanisms, and
they are activated by HLA class II molecules that were not dif-
ferent in the two sexes[30–32]. On the other hand, a higher
expression of PD-L1 in women could be linked to higher levels of
circulating estrogens; the correlation between estrogens and PD-
L1 is well known, and it has been confirmed in other
tumors[33,34]. In CRC, high E2, free E2, and free testosterone have
been associated with a higher risk of mortality among female
patients[35]. However, the number of female patients under
50 years old is pretty low thus, the mere immunological and
mutational mechanisms are more likely.

In patients with rectal cancer who had neoadjuvant therapy,
epithelial cells acting as antigen-presenting cells (expressing
CD86) and activated CD8+T cells (positive for CD28) were
higher in female patients compared to their male counterparts.
These data showed that, after the neoadjuvant therapy, in the
healthy mucosa surrounding the cancer, the interplay between
epithelial cells and T cells was more functional in women with
rectal cancer than in men with the same condition[30]. This pri-
mary cross-talk may play a relevant role in the immune response
to cancer after neoadjuvant therapy.

Our study has some limitations, and the first of them is that the
studies included in our meta-analysis show a great deal of het-
erogeneity; particularly, the cutoff for defining patients as PD-L1
positive or negative is not clearly described, thus limiting the
interpretability of the results, and no information about the T
cells subpopulations was provided. On the other hand, in the
IMMUNOREACT trial, we considered a relatively small number
of immune-related genes, so that some pathways of activation of
the immune system could not be so easily recognized.
Nevertheless, our trial first analyzed the immune microenviron-
ment of healthy mucosa surrounding rectal cancer and should be
considered the first step in a line of research analyzing the role of
constitutive mutations of immunomodulating genes in defining
the natural history of rectal cancer in male and female patients.

In conclusion, we observed that the frequency of SYNE 1 and
RYR2 mutations in rectal cancer is more frequent in males than

females, and these mutations can have a role in modeling the
immune microenvironment of the adenocarcinoma unfavorably.
Moreover, in women with therapy naive rectal cancer, a con-
stitutively higher number of activated CD4+Th1 cells in the
healthy mucosa shows active immune surveillance mechanisms.
Furthermore, women who had neoadjuvant therapy showed a
more functional interaction between epithelial cells and T cells in
the healthy mucosa surrounding cancer. As shown in Figure 5,
these findings can explain why women have a better outcome
thanmale patients with rectal cancer and are particularly relevant
since several trials are now ongoing testing immune checkpoint
inhibitors in CRC, calling for reliable predictors of therapy
response[36]. Moreover, the analysis of TME has been proposed
to predict response to chemotherapy in CRC patients, and the
immunoscore is currently being tested as a potential predictor of
response to neoadjuvant chemoradiotherapy in LARC[37]. Based
on the results of our study and as proposed by other authors[6],
sex should be considered when defining the treatment strategy of
rectal cancer patients or designing prognostic scores, acknowl-
edging the significant differences in epidemiology, cancer biology,
and response to therapy.
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Figure 5. Difference in local immune response against rectal cancer between males and females. These difference may justify a tendency of a better outcome in
female patients with rectal cancer.
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