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ABSTRACT

Approximately 20% of locally advanced rectal cancer (LARC) patients treated preoperatively with chemor-
adiotherapy (CRT) achieve pathologically confirmed complete regression. However, there are no clinically
implemented biomarkers measurable in biopsies that are predictive of tumor regression. Here, we
conducted multiplexed immunophenotyping of rectal cancer diagnostic biopsies from 16 LARC patients
treated preoperatively with CRT. We identified that patients with greater tumor regression had higher
tumor infiltration of pan-T cells and IRF8*HLA-DR* cells prior to CRT. High IRF8*HLA-DR* cell density was
further associated with prolonged disease-specific survival with 83% survival at 5y compared to 28% in
patients with low infiltration. Contrastingly, low CD11c* myeloid cell infiltration prior to CRT was
a putative biomarker associated with longer 3- and 5-y disease-free survival. The results demonstrate
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the potential use of rectal cancer diagnostic biopsies to measure IRF8* HLA-DR™ cells as predictors of CRT-
induced tumor regression and CD11c* myeloid cells as predictors of LARC patient survival.

Introduction

Colorectal cancer (CRC) is the third most diagnosed cancer
worldwide, accounting for 10% of all cancer diagnoses and
the second leading cause of cancer death'. Rectal cancer
alone accounted for 39% of colorectal cancer incidences in
2020". Despite the incidence of CRC decreasing in patients
aged 50y or older, the incidence of CRC and rectal cancer
especially continues to rise in young adults.

Patients diagnosed with locally advanced rectal cancer
(LARC) (T3-4, presence of extramural venous invasion, and/
or node positive without distant metastasis) are reccommended
preoperative chemoradiotherapy (CRT) prior to surgical resec-
tion to downstage the tumor and minimize the risk of locor-
egional recurrence. A subset (approximately 15-30%) of these
patients achieve pathologically confirmed complete tumor
regression”*. These patients have improved disease-free survi-
val and overall survival compared with patients without com-
plete tumor regression®*. A meta-analysis of 867 patients
found that there was no significant difference in disease-free
survival, overall survival, or cancer-specific mortality between
patients with clinical complete response managed conserva-
tively by watch-and-wait and those with pathological complete
tumor regression post-resection’. This suggests that rectum
preservation is a possibility in patients with complete clinical
response.

Immune cells are emerging as possible predictors of response
to preoperative CRT. Not only are immune cells critical in the
anti-tumor response’, a low density of cytotoxic T cells and
helper T cells prior to preoperative CRT was associated with
poor tumor regressi0n7. Indeed, an immunoscore established
using CD3 and CD8 T cell staining in LARC biopsies prior to
CRT demonstrated immunoscore high patients to be at lower
risk of relapse and death®. Furthermore, the immunoscore in
combination with imaging and physical examination could iden-
tify patients with complete clinical CRT response and thus
candidates for watch-and-wait. Immunoscore high patients in
watch-and-wait did not experience relapse®.

The evidence thus far shows an important role for T cells in
predicting patient response to preoperative CRT. The contri-
bution of myeloid cells in LARC biopsies as predictors of
tumor regression is less well studied. Some studies have asso-
ciated CRT tumor regression with increased CD20" B cell
tumor infiltration® and reduced CD163" macrophage
infiltration'’.

To expand our knowledge of tumor immune cell pheno-
types and their associations with CRT outcomes in LARC, we
used a multiparametric approach to quantify T cells, B cells,
and multiple myeloid cell subsets for their association with
tumor regression following highly protocoled CRT used in
a clinical trial setting.
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Materials and methods
Patient cohort and preoperative chemotherapy

This study was approved by the Northern Sydney Local Health
District HREC (HREC/14/HAWKE/173). All participants pro-
vided written informed consent. From February 2015, 26
LARC patients deemed suitable for preoperative CRT were
enrolled on the prospective Predicting RadloTherapy
ReSponse of Rectal Cancer with MRI and PET (PRISM) trial
(ClinicalTrials.gov Identifier: NCT02233374). Eligibility cri-
teria included age greater than 18y, T3/4 or node positive
biopsy proven rectal adenocarcinoma suitable for preoperative
CRT and surgical resection, able to undergo '*F-FDG PET/CT
and MRI imaging, and gross disease visible on MRI. Eligible
patients required an Eastern Cooperative Group performance
status of 0-2. Patients were excluded if they had previously
received radiotherapy to the pelvis. A subset of 16 patients with
available diagnostic biopsies obtained prior to preoperative
CRT were included in the current study.

Patients received 45 Gy in 25 fractions to the posterior
pelvis and 50 Gy in 25 fractions to the gross tumor, lymph
nodes, and associated mesorectal fascia. Treatment was deliv-
ered over 5 weeks, with nine fractions per fortnight.
Capecitabine was administered orally at 1.5g twice daily
Monday to Friday during radiotherapy. Fifteen patients under-
went a total mesorectal excision 8-10 weeks after the comple-
tion of CRT. A single patient opted not to undergo surgical
resection being deemed to have a clinical complete response by
medical imaging and this was confirmed by biopsy. Patient
treatment and study timeline are summarized in
Supplementary Figure S1.

Pathologic tumor response evaluation

Pathology results were synoptically recorded as per the Royal
College of Pathology Australia colorectal cancer structured
reporting protocol (2nd and 3rd edition). Tumor stage
(AJCC 6th edition)'!, histological grade, depth of invasion,
margin status, lymph node involvement, microsatellite
instability and BRAF (V600E) mutation status were reported.
Pathologic tumor response was assessed using the AJCC
Tumor Regression Grade (TRG) scoring12 where 0 = complete
response with no viable cancer cells, 1 = moderate response
with single cells or rare small groups of cancer cells, 2 = mini-
mal response with residual cancer with evident tumor regres-
sion, and 3 = poor response with extensive residual cancer with
no evident tumor regression. The single patient with clinical
complete response was included as TRG 0 for the purposes of
this study.

Multiplexed immunohistochemistry staining

First, 4 um formalin-fixed paraffin-embedded sections of
tumor biopsies obtained prior to preoperative CRT were
deparaffinized and antigen retrieved for 20min in
a microwave using either 10 mM sodium citrate and 0.05%
(v/v) tween 20 (pH 6) or 10 mM tris base with 1 mM EDTA
and 0.05% (v/v) tween 20 (pH 9). The slides were cooled to
room temperature, then blocked first using 3% hydrogen

peroxide for 30 min, followed by protein block (Akoya,
Marlborough, USA) for 10 min. Slides were stained using the
Opal Kit (Akoya) with reagents and dilutions as described in
Supplementary Table S1. In brief, slides were mounted in
a Sequenza staining rack (Thermo Fisher Scientific, Waltham,
USA) and incubated with the primary antibody for 35 min at
room temperature. Slides were then washed and incubated
with undiluted Opal polymer horseradish peroxidase (HRP),
undiluted MACH3 antibody polymer HRP (Biocare Medical,
Pacheco, USA), or 2 pg/mL donkey anti-sheep IgG conjugated
to HRP (A16041, Thermo Fisher Scientific, Waltham, USA) for
10 min. After washing, the slides were incubated with the opal
fluorophore using tyramide signal amplification for 10 min. In
order to multiplex the antibodies, the slides were antigen
retrieved prior to restarting the process with incubation of
the next antibody. Following the last antibody stain, slides
were antigen retrieved, stained with 5pg/mL DAPI for 10
min and mounted using Prolong Diamond antifade (Thermo
Fisher Scientific). The slides were imaged on the Mantra
microscope (Akoya) with a minimum of three fields of views
and images analyzed on inForm software (Akoya). An image
analysis algorithm that included spectral unmixing, cell seg-
mentation, and immune cell phenotyping was applied in
a batch manner to ensure consistent analysis. For T cell subset
analysis, segmented single cell data obtained from inForm were
converted into fcs files using the R package, Spectre'”. The cell
subsets were then analyzed and quantified using Flow]o
(v10.8).

Statistical analysis

Statistical analysis was conducted using Graphpad Prism
(9.3.1). Patient characteristics were analyzed using Chi-square
tests for qualitative variables and Student’s t-test for quantita-
tive variables. For comparisons between TRG 0 and 1 versus
TRG 2 and 3, normality was assessed using D’Agostino and
Pearson test. Student’s t-test was used if the groups were
normally distributed; otherwise, the Mann-Witney test was
used. P-value <0.05 was considered significant. Predictive abil-
ity of immune cells was assessed using receiver operating
characteristic (ROC) curves. Assessment of patient survival
was conducted using Kaplan-Meier curves with Log-rank
Mantel-Cox test. A p-value <0.05 was considered significant.

Results
Patient characteristics

This study included 15 males and one female with a median age
at diagnosis of 61 (interquartile range of 52-69) (Table 1). Nine
patients (56.3%) had low rectal cancer (0-5cm from anal
verge), five patients (31.3%) had mid rectal cancer (5-10 cm),
and two patients (12.5%) had high rectal cancer (10-15 cm).
Histologically, 13 (81.3%) of these tumors were moderately
differentiated whilst two (12.5%) were well differentiated and
one (16.7%) was of high grade. After preoperative CRT and
subsequent resection, histopathological assessment revealed
three patients (25%) were tumor regression grade (TRG) 0,
four patients (25%) were TRG 1, six patients (37.5%) were TRG



Table 1. Patient characteristics.
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Variable Total patients (n1=16) TRG 0 and 1 patients (1=8) TRG 2 and 3 patients (n=28) p-Value
Gender
Male 15 7 8 ns
Female 1 1 0
Age at diagnosis, y
Mean (interquartile range) 61 (54-69) 61 (52-71) 62.5 (52-69) ns
Preoperation
Tumour location
Low 9 6 3 ns
Mid 5 2 3
High 2 0 2
Histological grading
Low grade ns
Well differentiated 2 1 1
Moderately differentiated 13 7 6
grade 1 0 1
Clinical stage
cT2 3 1 2 ns
cT3 12 7 5
cT4 1 0 1
cNO 4 1 3 ns
cN1 8 5 3
cN2 3 2 1
cMo 15 8 7 ns
cM1 1 0 1
Pathological response
TRG 0 4 4 0 **
TRG 1 4 4 0
TRG 2 6 0 6
TRG 3 2 0 2
Post-operation#
Pathologic stage
ypTO 3 3 0 *
ypTis 1 1 0
ypT1 1 1 0
ypT2 4 2 2
ypT3 6 0 6
ypNO 12 6 6 ns
ypN1 3 1 2
ypMO 15 7 8
EMVI: absent 10 4 6 *
EMVI: present 2 0 2
EMVI: N/A 4 4 0
MMR: proficient 1 4 7 ns
MMR: deficient 2 1 1
MMR: N/A 3 3 0
BRAF (V600E): wild type 13 5 8 ns
BRAF (V600E): mutated 0 0 0
BRAF (V600E): N/A 3 3 0

*One patient had clinical complete response.
* p<0.05 ** p<0.01.

2, and two patients (12.5%) were TRG 3. One patient achieved
clinical complete response confirmed by biopsy and was
included in the TRG 0 group for the purpose of this study.
Analysis of TRG 0 and 1 patients versus TRG 2 and 3 patients
showed no statistical difference in gender, age, tumor location
and histological grade prior to CRT, or mismatch repair
(MMR) and BRAF status assessed post-resection.

TRG 0 and 1 patients had higher tumor infiltration of IRF8*
cells and CD3* T cells at diagnosis.

To determine if specific immune cell subsets in pre-CRT biop-
sies may be predictive of patient response, we conducted
a 7-color multiplex immunohistochemistry stain of LARC
biopsies (Figure la). Using the markers CD3, CD8, CDllc,
CD68, and CD20, we derived that the total number of immune

cells detectable using this panel was significantly fewer in the
TRG 2 and 3 patients compared to TRG 0 and 1 patients
(Figure 1b). Indeed, the same trend was observed when total
detected immune cells were calculated as a proportion of all
cells (DAPIY), suggesting an association between tumor
immune infiltration and tumor regression following CRT
treatment.

To interrogate which immune cell subsets were decreased in
TRG 2 and 3 patient biopsies, we classified immune cells into
T cells (CD3"), B cells (CD20"HLA-DR™), CD68" myeloid cells
(CD3°CD20 CD11c CD68"HLA-DR"), and CD11c" myeloid
cells (CD3"CD20 " CD11c"HLA-DRY). There was no significant
difference in the infiltration of B cells, CD68" myeloid cells, or
CD11c" myeloid cells between TRG 0 and 1 patients and TRG
2 and 3 patients (Figure 1c). We also observed in our staining
a CD3°CD20°CD11c CD68 HLA-DR* subset which we
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Figure 1. Pre-CRT biopsies of tumor-regression grade 0 and 1 patients show higher infiltration of IRF8™ cells and CD3* T cells. Rectal tumor biopsies obtained prior to
preoperative CRT were stained for immune cells using multiplex immunohistochemistry and compared against tumor regression grade (TRG) post-CRT. (a)
Representative images of multiplex IHC panel containing CD3, CD8, CD20, CD68, CD11¢, and HLA-DR. Scale bar represents 50 um. (b) Comparison of total detected
immune cells in biopsies as cell density and percentage of total cells. (c) Density of B cells, CD68" myeloid cells, CD11c* myeloid cells, and HLA-DR* only cells analyzed



termed HLA-DR"-only cells. This subset was also unchanged
between TRG 0 and 1 patients and TRG 2 and 3 patients.

Conventional markers CD68 and CD11c can be expressed
on multiple myeloid populations, including macrophages and
dendritic cells (DCs)'*, and cannot be used solely to distinguish
between human DC subsets which have different functions in
anti-tumor immunityls. Therefore, we conducted additional
staining using IRF4 and IRF8 transcription factors to further
phenotype the CD37CD20” population (Figure 1d).
Conventional DC type 1 (¢cDC1) cells, conventional DC type
2 (cDC2), and plasmacytoid DC (pDC) cells are
CD11¢°"IRF4 IRF8"HLA-DR*, CD11c*'IRF4'IRF8~ HLA-
DR", CD11c IRF47IRF8" HLA-DRY, respectively, and are
negative for T cell marker CD3, B cell marker CD20, natural
killer cell marker CD56, and monocyte marker CD14'*. Using
7-color multiplex IHC, we identified an IRF8" cell subset
(CD3°CD20"CD11c IRF8"HLA-DR"), a CD11c'IRF4" cell
subset (CD3"CD20"CD11c*IRF4"HLA-DR"), and an IRF4"
cell subset (CD3°CD20"CD11¢ IRF4"HLA-DR") (Figure 1d).
TRG 0 and 1 patients had significantly higher density of IRF8"
cells in their rectal cancer biopsy compared to TRG 2 and 3
patients (Figure 1le). No difference was observed for
CD11c"IRF4" cells and IRF4" cells.

The density of T cells and CD8" cytotoxic T cells, known as
the immunoscore, has been used in combination with neoad-
juvant CRT and medical imaging to identify rectal cancer
patients who respond to neoadjuvant CRT®. We interrogated
T cell density using multiplex IHC and observed that TRG 0
and 1 patients had significantly greater T cell density (CD3")
compared to TRG 2 and 3 patients (Figure 1f). The decrease in
T cell density in TRG 2 and 3 patients appear to be responsible
for majority of the decrease seen in total detected immune cells
(Figure 1b). Separation into CD3"CD8™ T cells and CD3"CD8"
T cells showed a similar though non-significant trend in
CD3"CD8” T cells but not the CD3"CD8" T cell subset as
previously described®. Other literatures have reported CD4/
CD8 ratio as prognostic markers in colorectal cancer and
other cancers'®. Here, no difference was observed in
CD3*CD87/CD3"CD8" cells between TRG 0 and 1 patients
and TRG 2 and 3 patients.

Since many subsets of T cells exist, we further phenotyped
T cells to assess if specific subsets are responsible for the
decrease seen in TRG 2 and 3 patient biopsies. However, the
proportions of naive (CD45RO"), memory (CD45RO"), regu-
latory (FoxP3"), and Tbet-expressing CD3*CD8" and
CD3"CD8™ T cells as a percentage of total T cells were con-
sistent across all TRG (Figure 1g). Comparison of these T cell
subsets between TRG 0 and 1 patients and TRG 2 and 3
patients also revealed no significant changes, indicating that
good CRT response is associated with a nonspecific accumula-
tion in T cells. Indeed, receiver-operating characteristic (ROC)
analysis showed that all CD3" T cells and CD3"CD8™ T cells
had a greater area under the curve than cytotoxic T cells and
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had the highest predictability of TRG 0-1 (Figure 2c).
Together, patients with improved CRT response had greater
tumor infiltration of IRF8" cells and CD3" T cells prior to
commencing CRT.

Low infiltration of CD11c" cells and high infiltration of
IRF8" cells are associated with improved survival

We next assessed the association of immune subsets in the
diagnostic biopsy with patient survival. Strong CRT-induced
regression patients (TRG 0 and TRG 1) trended for increased 3
and 5y disease-free survival (DFS) compared to TRG 2 and
TRG 3 patients, although this did not meet statistical signifi-
cance (p =0.27) (Figure 2a). No significant difference in dis-
ease-specific survival (DSS) based on TRG was observed.
Stratification of patients into those with higher than median
infiltration of T cells and those with lower than median did not
show differences in DFS or DSS (Figure 2b).

In contrast, patients with lower than median infiltration of
CD11c" myeloid cells had significantly greater 3y (p =0.038)
and 5y DEFS (p = 0.038) compared to patients with higher than
median infiltration of CD11c" myeloid cells, where 88% of
these patients were disease-free after 5y (Figure 2c). While
a trend for improved DSS for patients with lower than median
infiltration of CD11c" cells was also seen, this did not reach
significance. Separation of patients into those higher than
median or lower than median infiltration of CD11c¢"IRF4"
cells showed no significant differences in survival (Figure 2d),
demonstrating that the IRF4" subset of CD11c" cells was not
solely responsible for the improved survival seen in Figure 2c.
Finally, stratification of patients into higher than median or
lower than median density of IRF8" cells showed a significant
improvement in 5y DSS for patients with high density (p =
0.034, Figure 2e) with 83% patients alive at 5y. A trend for
improved DFS was also observed in patients with high IRF8"
cell density but this did not reach statistical significance (p =
0.18). Together this suggests that low infiltration of CD11c"
myeloid cells and a high density of IRF8" cells in rectal tumors
are associated with improved patient survival.

Discussion

Rectum preservation following neoadjuvant CRT has been
proposed as a possibility in patients with complete clinical
regression. Previous studies have highlighted the value of
T cells as a predictor of tumor regression”®. Here, we showed
that patients with TRG 0 and 1 have higher total T cell infiltra-
tion in the diagnostic biopsy, but this was not associated with
improved survival in this small cohort. Rather, we made the
novel observation that patients with low CD11c" myeloid cell
density have significantly beneficial long-term (>3 y) DFS and
that high density of IRF8" cells is associated with both better
CRT response and 5y DSS.

against TRG. (d) Representative images of multiplex IHC panel containing CD3, CD20, CD11c, HLA-DR, IRF4, and IRF8. Left image shows representative IRF8* cell. Middle
image shows representative CD11c*IRF4" cell. Right image shows representative IRF4™ cell. (e) Density of IRF8™ cells, CD11c*IRF4* cells, and IRF4™ cells analyzed against
TRG. (f) Density of CD3* T cells, CD3*CD8" T cells, and CD3*CD8 T cells, and proportion of CD3*CD8™ to CD3*CD8" T cells, analyzed against TRG. (g) Proportion of T cell
subsets as percentage of CD3™ T cells. Statistics conducted using Student’s t-test or Mann-Witney test. (H) ROC analysis of total T cell, cytotoxic T cell and helper T cell
density. All analyses comparing TRG 0 and 1 versus TRG 2 and 3 were conducted using Student’s t-test or Mann-Witney test.
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The findings in this study support the notion that high
tumor T cell density is associated with tumor regression®'”.
However, the subset of T cells responsible for this response is
unclear. Whilst some studies have noted CD8" densities to be
associated with TRG”'®'”, others have indicated CD4" densi-
ties to be important in tumor regression”'” and tumor shrink-
age rate as determined through MRI'. It is critical to note that
majority of past studies stained for CD4 and CD8 indepen-
dently with or without CD3 in their immunohistochemistry
analysis. Our study, which utilized multiplexed immunohisto-
chemistry to co-stain CD3 and CD8, enabled us to clearly
delineate helper T and CD8" T cells. This allowed our observa-
tion that CD3"CD8~ population was largely responsible for the
T cell association with CRT response. This finding is consistent
with Miyakita et al. whose analysis, using CD3, CD4, and CD8
immunohistochemical staining, identified that high density of
CD4" cells in biopsies obtained 7 d prior to CRT treatment was
significantly associated with tumor regression'”.

Our attempts to further immunophenotype T cells into
memory or naive T cells and Tbet or FoxP3- expressing
T cells yielded no associations of these subsets with patient
response to CRT. In fact, comparisons across pre-treatment
tumor biopsies of subsequent TRG 0-3 patients showed similar
distributions of T cell subsets as a proportion of total T cells. In
contrast, Kitagawa et al. showed that high intratumoural CD8"
and PD-1" cell density was independently associated with
tumor regression and improved recurrence-free survival'®.
Park et al. also noted that TRG 0 patients had higher propor-
tion of PD-L1" tumor cells, which could be used to predict
response’’. Attempts to investigate FoxP3 have conflicting
results with some suggesting high density of FoxP3™ cells sig-
nificantly associated with tumor regression and tumor shrink-
age rate'”. Others, however, are consistent with our findings
whereby FoxP3 did not predict TRG and was not associated
with long-term survival'*'. Studies by these groups agree
though that low FoxP3™ cell density post-CRT predict
improved tumor regression, tumor shrinkage rates, and recur-
rence-free survival'”»*?, Whilst our study adhered to a rigorous
CRT protocol, the above study cohorts showed variations in
CRT dose and schedule and were conducted in mostly ¢T3
patients.

Here, we showed for the first time that low CD11c" myeloid
cell density and high IRF8" cell density within the tumor prior
to neoadjuvant CRT are associated with improved survival in
LARC patients. We confirmed that these populations were not
lymphocytes as they were negative for T and B cell markers,
CD3 and CD20. Both populations were also HLA-DR", sug-
gesting that they were subsets of dendritic cells (DCs) and/or
macrophages. Our multiplex THC protocol allowed for
a maximum of seven markers, which did not allow for inclu-
sion of additional markers such as CD14 or CD88 to better
distinguish between DCs and macrophages and markers such
as CD45 and cytokeratin to conclusively confirm the origin of
the IRF8" expressing cells.

We attempted to validate our findings using RNA sequen-
cing data from a larger rectal cancer study”’. From this cohort,
97 patients had transcriptomic data from pre-treatment biop-
sies and were treated with a variety of neoadjuvant chemother-
apy protocols. We identified 19 patients with RNA sequencing

ONCOIMMUNOLOGY 7

data who received neoadjuvant CRT in the form of capecita-
bine or 5FU, best matching our protocol. Comparison of AJCC
TRG 0 and 1 (n=10) patients versus TRG 2 and 3 (n=9)
patients showed no significant difference in CD11c (ITGAX),
IRF4, or IRF8 expression, contrasting our finding that IRF8"
cells were significantly lower in TRG 2 and 3 patients. This
difference may be due to bulk RNA sequencing in this study
compared to ITHC protein expression used at a single cell level
by us. Comparison of activated DC, immature DC, macro-
phage, and T cell infiltration inferred from single-sample
gene set enrichment analysis (ssGSEA) scores as defined
using the established CRC immune signatures™ also showed
no significant difference between TRG 0 and 1 versus TRG 2
and 3, and no association between these cells and survival for
the 19 patients. It is essential to note that CD11c (ITGAX),
IRF4, and IRF8 were not used in the CRC immune signatures
to define the DC subsets. DCs were also not subdivided into
¢DCI and cDC2, giving limited DC phenotype information, in
contrast to our findings. Therefore, future studies with a larger
cohort investigating rectal cancer at the single cell level will be
important for validating our observations.

Dendritic cells are important in initiating immune
responses by sampling and presenting antigens to naive
T cells in lymph nodes and regulating T cell responses in tissue
through cell-to-cell contact and cytokine production®.
Previous studies have shown that CRC patients with high
infiltration of S100" DCs have improved survival rates com-
pared to those with low infiltration, although correcting for
tumor stage abrogated this association®®. The reason for the
association between low CD11c myeloid cell density and high
IRF8" density and beneficial survival in rectal cancer patients
receiving neoadjuvant CRT was not investigated in our study.
Others have noted that rectal tumor DC functions (defined by
cytokine secretion and marker expression) are altered follow-
ing CRT, including the upregulation of co-stimulatory marker
CD80 but also the immune-suppressive marker PD-L1%7.
Future research would examine whether rectal tumors with
low CD11c myeloid density also have low PD-L1 expression
leading as a contributor to improved anti-tumor immunity and
prolonged survival.

While single nucleotide polymorphism in IRF8 gene has
been associated with rectal cancer risk*®, very little is known
about the involvement of IRF8" immune cells in CRC.
Previous literature noted that pDC infiltration, assessed by
BDCA-2 (CD303) expression, is significantly increased follow-
ing CRT but its association with survival is unknown?’. Here,
the IRF8" cell population, which was CD11¢™ and thus
included pDCs, is linked to prolonged DSS. However, the
IRF8" population could also include cDCls, IRF8" macro-
phages, and potentially IRF8* tumor cells. Future studies
should include BDCA-2, CD14, and CD45 to specifically iden-
tify the pDC population and validate these findings in a larger
cohort. This may require techniques such as imaging mass
cytometry or cyclic immunofluorescence which allow for
greater degree of antibody multiplexing.

High IRF8 expression in the context of other solid cancers
has also been associated with beneficial effects. In grade 2 and 3
estrogen-receptor negative breast cancers, IRF8 protein expres-
sion can predict response to trastuzumab treatment and
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patients with high IRF8 expression have prolonged recurrence-
free survival®. Similarly, analysis of TCGA data for renal cell
carcinoma showed that patients with high IRF8 expression had
improved DFS'. Patients with high IRF8 in metastatic sites
also had prolonged overall survival. These studies, however,
did not directly demonstrate that immune cell populations
were responsible for the elevated IRF8 expression. Here, we
show that high IRF8" cell density is associated with prolonged
DSS in LARC. Of interest, 10 out of the 16 patients had an
inverse relationship between IRF8" cell and CD11c" cell den-
sities (i.e. high IRF8" and low CD11c" cell density or low IRF8"
and high CD11c" cell density). This suggests that patients with
a combined high IRF8" and low CDI11c" cell densities may
achieve the greatest survival outcomes. Future studies with
larger cohorts are required to confirm the association of mye-
loid cell densities and patient survival and will be able to dissect
the relationship between these myeloid cell populations in
greater detail.

The association between CD11c" myeloid cell density
and DFS may have prognostic value for selecting watch-
and-wait patients. The watch-and-wait management strat-
egy offers rectum preservation in patients with a clinical
complete response following CRT’. However, intense fol-
low-up schedules are required due to an increased risk of
local recurrence in 15-30% of watch-and-wait patients
after a median of 9 months>”>. The majority of watch-
and-wait local recurrences were mucosal and salvageable
in 94% of patients’”. There are no current biomarkers to
predict local recurrence in watch-and-wait patients. In this
study, the association of CD11c" myeloid cell density with
recurrence was shown but we did not have watch-and-wait
patients to assess the prognostic value in this cohort.
Future investigations should assess the efficacy of this
CD11c" population as a predictive biomarker of recur-
rence in watch-and-wait patients to help stratify high-
risk patients for follow-up.

In conclusion, this study highlighted the predictive ability of
infiltrating pan-T cells and IRF8" cells as predictors of tumor
regression and DSS, respectively, following neoadjuvant CRT
in LARC patients. Tumor CD11c" myeloid cells were identified
as a potential predictive biomarker for recurrence following
CRT and resection of rectal cancer. IRF8" cell density may also
act as a potential biomarker of LARC patient survival. These
molecular markers may be used in the future in combination
with other correlates of TRG, such as pre-treatment carci-
noembryonic antigen, mucin status, interval between end of
radiation and surgery, distance from anal verge, and imaging
modalities, to establish a multiparametric prediction of
response.
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