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ABSTRACT

Colorectal cancer (CRC) raises considerable clinical challenges, including a high mortality rate once the tumor
spreads to distant sites. At this advanced stage, more accurate prediction of prognosis and treatment outcome
is urgently needed. The role of cancer immunity in metastatic CRC (mCRC) is poorly understood. Here, we
explore cellularimmune cell status in patients with multi-organ mCRC. We analyzed T cell infiltration in primary
tumor sections, surveyed the lymphocytic landscape of liver metastases, and assessed circulating mononuclear
immune cells. Besides asking whether immune cells are associated with survival at this stage of the disease, we
investigated correlations between the different tissue types; as this could indicate a dominant immune
phenotype. Taken together, our analyses corroborate previous observations that higher levels of CD8+
T lymphocytes link to better survival outcomes. Our findings therefore extend evidence from earlier stages of
CRC to indicate an important role for cancer immunity in disease control even after metastatic spreading to
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multiple organs. This finding may help to improve predicting outcome of patients with mCRC and suggests

a future role for immunotherapeutic strategies.

Introduction

Colorectal cancer (CRC) is the second leading cause of cancer-
related deaths worldwide." The standard treatment for patients
with extensively metastatic CRC (mCRC) involving mismatch
repair proficient/microsatellite stable (p)MMR/MSS) tumors is sys-
temic therapy with chemotherapeutic and biological agents. The
median overall survival (mOS) of patients who received adequate
systemic treatment is currently approaching 3 years. Patients with
right-sided, BRAF-mutant cancers generally have the lowest
survival.>® However, treatment response and clinical outcome of
patients vary greatly within these subtypes. In the absence of
precise biomarkers, patients are exposed to toxic treatments that
may strongly deteriorate their quality of life, yet do not offer
survival benefit for non-responders. A better biological under-
standing of the metastatic process may inspire the development
of accurate biomarkers as well as new therapeutic strategies.™
Cancer immunity may have a pivotal role in this understand-
ing. In stage I - III CRC, it was shown that the host adaptive

immune reaction and T cell infiltration in the primary tumor
correlate to less disease recurrence and better OS.*” By spreading
to distant organs, mCRC has escaped several levels of
immunosurveillance.® There is mounting evidence suggesting
an important role for cancer immunity in metastatic onset,”'’
as well as for therapeutic potential for immune checkpoint
blockade (ICB) in combination with overcoming the suppressive
tumor microenvironment (TME) in pMRR/MSS mCRC in pre-
clinical models.'"'> Nevertheless, only patients with MMR-
deficient/microsatellite instable (AMMR/MSI) tumors benefit
from ICB." Studies analyzing the TME of metastases in patients
with resectable disease found that high T cell infiltration is also
associated with improved survival outcomes there.'* >
Immunological variables and their relationship to survival have
not been studied in patients with multi-organ mCRC.

Both the local immune landscape and the systemic immune
response are relevant.”>~*° The role of circulating immune cells
as a potential biomarker is of interest in both early-stage and

CONTACT Daniele V. F. Tauriello @ d.tauriello@erasmusmc.nl @ Department of Medical Oncology, Erasmus MC Cancer Institute, University Medical Center

Rotterdam, Dr. Molewaterplein 40, Rotterdam 3015 GD, The Netherlands

*Equal contribution
*Equal contribution

This article has been republished with minor changes. These changes do not impact the academic content of the article.
@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/2162402X.2024.2361971

© 2024 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the Accepted Manuscript in a

repository by the author(s) or with their consent.


http://orcid.org/0000-0003-1522-3496
https://doi.org/10.1080/2162402X.2024.2361971
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/2162402X.2024.2361971&domain=pdf&date_stamp=2024-06-14

2 L. BAKKERUS ET AL.

advanced CRC, relating to metastasis initiation as well as
growth dynamics. The association between immune variables
in peripheral blood and clinical outcome in patients with
mCRC, or between systemic immune status and tumor tissue
infiltration, has been investigated.”"31 These studies indicate
prognostic power of readily accessible systemic factors such as
cytotoxic CD8+ or regulatory T (Treg) cell counts. However,
research has also identified a complex and plastic relationship
between tissue and the immune macroenvironment.*”>>

The primary objective of our exploratory study was to assess
immune profiles in both peripheral blood and the local TME as
potential biomarkers for survival in patients with systemically
spread mCRC before the start of first-line palliative systemic
therapy. Although this setting may be expected to feature
a defunct immune status, we hypothesize that evidence for
local/systemic anti-cancer immunity may yet correlate with
better survival even in these late stages of the disease.

Materials and methods
Patients

The ORCHESTRA trial is a randomized multicenter clinical
trial for patients with multi-organ mCRC, comparing the
combination of chemotherapy and maximal tumor debulking
versus chemotherapy alone (NCT01792934). Patients were 18
years or older and had an indication for first-line palliative
systemic therapy for mCRC. Comprehensive in- and exclusion
criteria are available at clinicaltrials.gov. Patients included in
the present study were treated with capecitabine and oxalipla-
tin (oxaliplatin IV followed by 14 days of oral capecitabine in
a 3-week cycle; CAPOX) with or without bevacizumab. A CT
scan of thorax and abdomen was performed after 3 cycles.
Follow-up scans were performed at least every 3 months until
disease progression. Patient inclusion of the trial has been
completed in September 2023. The side-studies in subgroups
of the included patients, as described here, were performed and

ORCHESTRA study

/
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Figure 1. Overview of the study sub-cohorts and their general survival distribution.

analyzed without knowledge of the final outcome of the two
study arms in the ORCHESTRA clinical trial. We determined
available follow-up data as of July 2023: dates of progression
event/death were used to compute PFS/OS in our analyses. OS
was defined as the time period from the day of inclusion until
death from any cause. PFS was defined as the time period from
the day of inclusion until progressive disease according to
Response Evaluation criteria in Solid Tumors (RECIST version
1.1). None of the clinical cohorts contained censored survival
observations.

Clinical data included age, sex, primary tumor sidedness
(right, left, or rectum), primary tumor in situ (yes or no; y/n),
primary tumor differentiation (well/moderately or poor),
number of organs involved in metastatic disease (2 or>2),
chronicity (synchronous or metachronous), prior (neo)adju-
vant treatment of the primary tumor (y/n), number of meta-
static lesions (<5, 5-10, >10, or diffuse peritoneal disease),
metastatic location (including only the most common meta-
static sites: liver y/n, lung y/n, lymph node y/n, or peritoneum
y/n), prior local treatment of metastases (y/n), treatment with
bevacizumab (y/n), CEA and LDH levels at baseline (normal or
elevated), BRAF/KRAS/NRAS mutation status (wildtype or
mutated), MSI status (MSS vs MSI), see Table S1.

Blood samples were prospectively collected as part of the
preplanned translational study program of the trial from
May 2013 to October 2017. Of in total 70 patients, peripheral
blood mononuclear cells (PBMC), baseline metastasis needle
biopsies, and formalin-fixed and paraffin-embedded (FFPE)
primary CRC tissue samples were collected. Three patients
were lost to follow up due to withdrawal of consent.
Immunohistochemistry (IHC) analysis was performed on 45
samples of primary CRC included in this cohort (Figure 1a). In
addition, a group of 16 ORCHESTRA patients with available
FFPE material of liver metastases with having either a short
(<1year) or long (>3 year) survival were selected for tissue
analyses. Since 9 of these were not represented in the original
PBMC group, we added 12 additional samples from the PBMC

b
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(a) Schematic of the sub-cohorts used. PBMC: peripheral blood mononuclear cell assessment (flow cytometry); IHC: immunohistochemistry of primary CRC sections (the
fraction with all 4 variables is indicated, complete vs partial data); mIF: multiplex immunofluorescence on CRC liver metastases (CRLM). (b) Distribution of OS of the mIF
batches (#1, blue, and the combination of #1 and #2, purple) in relation to the PBMC cohort. Populations with short/long survival are indicated (red/green).



cohort (not selecting for survival; Figure 1a). Multiplex immu-
nofluorescence (mIF) analysis was performed on the combined
dataset, batches mIF#1+#2. Patient follow-up data were
retrieved in July 2023. Written informed consent was obtained
from all patients included in the ORCHESTRA trial. The study
protocol was reviewed and approved by the institutional review
board of the Amsterdam UMC and the study was performed in
accordance with the Declaration of Helsinki. Clinical data are
summarized in Table S1.

Flow cytometry PBMC analysis

Blood samples were collected at baseline, within 7 days prior
to the start of systemic therapy. Samples were collected in
EDTA tubes and analyzed as previously described.’® Samples
were shipped to central laboratory at Cancer Center
Amsterdam, Amsterdam UMC and processed within 48
hours. T cell subset analysis was performed on pre-washed
whole blood, to prevent sequestering of CD25 antibody by
plasma CD25, gated on the PBMC population by CD45
expression and sidward scatter as shown in Figure S1.
Acquisition was done with a 3-laser Gallios flowcytometer
and data were analyzed with Kaluza (both Beckman
Coulter). The following monoclonal antibodies were used
for phenotyping of lymphocytes and monocytes: CD19-
ECD (clone J3-119), CD45RA-ECD (2H4), CD27-PC7
(1A4CD27), CD56-PC7 (N901), CD8-APC-AF700 (B9.11),
CD45-KO (J33) (Beckman Coulter); IgG1-FITC (X40),
CD14-PerCP (MgP9), CD3-APC (SK7), CD25-PE (2A3),
CD4-APC-H7 (SK3) (BD Biosciences); PD1-FITC (MIH4)
(BD Pharmingen), and HLA-DR-V450 (L243) (BD
Horizon). For analyses of absolute and relative numbers of
CD14+ monocytes, CD19+ B cells, CD3+ T cells, and CD56
+CD3- natural killer (NK) cells, 50 ul of whole-blood was
stained in Trucount Tubes (BD Biosciences) using a lyse-no-
wash procedure, and absolute cell counts per pl blood were
calculated according to manufacturer’s instructions. After
staining, cells were fixed and erythrocytes were lysed with
Optilyse B (Beckman Coulter) according to manufacturer’s
instructions.

The lymphocyte and monocyte subsets were defined as
follows: CD19+ B cells, CD3-CD56+ NK cells, CD14+ mono-
cytes (although CDI14+ dendritic cells cannot be distin-
guished), and HLA-DR low/negative CD14+ monocytic
myeloid-derived suppressor cells (MDSC). CD3+ T cells were
divided into CD4+ and CD8+ lineages. CD4+ T cells were
classified into (CD4+) CD45RA+ naive (CD4y) cells,
CD45RA- memory (CD4y) cells, and CD25M regulatory
T (Treg) cells**—further divided into (CD4+ CD25™)
CD45RA- active Treg cells and CD45RA+ resting Treg cells.
For the CD8+ lineage, we defined (CD8+) CD45RA+CD27+
naive (CD8y) cells, CD45RA-CD27+ central memory
(CD8cm) cells, CD45RA-CD27- effector memory (CD8gpy)
cells, and CD45RA+CD27- effector cells (terminally differen-
tiated EM cells re-expressing CD45RA, CD8gyra)-
Furthermore, CD25, PD1, and HLA-DR expression on T cell
subsets was analyzed. Relative values are a percentage of parent
gate. See Supplementary Fig. S1 for gating strategies.
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Immunohistochemistry analysis on primary CRC samples

From FFPE tissue blocks of primary tumors, sequential slides
were stained with H&E and with anti-CD3 and anti-CD8
(DAKO Omnis GA503 Rabbit polyclonal, and GA623 clone
C8/144B). Slides were digitized using the Pannoramic P1000
(3D-Histech, Budapest, Hungary) at 40X magnification (0.24 x
0.24 um/pixel). On each of the CD3/CD8 slides, regions of
interest (ROIs) of 0.8 x 0.8 mm at the tumor center as well as
the invasive margin were manually annotated by an expert
(CW) to highlight regions with dense T cell infiltration, in
line with evidence that this methodology of hot spot selection
yields better results than random region selection.’” These
annotations were used to apply a deep-learning technique
and compute the number of lymphocytes in the selected
regions as previously described.*®

Multiplex immunofluorescence (mIF) analysis on liver
metastases

FFPE samples of CRC liver metastases were sectioned into 4
um-thick slices and stained as described.”” mlIF stainings were
performed using the BOND-Rx Fully Automated THC and ISH
system (Leica Biosystems) with an Opal 7-Color Automation IHC
Kit (NEL821001KT, Akoya Biosciences). Specifications for anti-
bodies and Opal dyes were: anti-pan-cytokeratin (AE1/AE3 +
5D3; Abcam, ab86734; 1:1500; Opal650), anti-CD3 (SP7;
Thermo Fisher; 1:200; Opal520), anti-CD8 (C8/144B; Dako,
M7103; 1:200; Opal690), anti-FOXP3 (236A/E7; eBioscience,
14-4777; 1:100; Opal540), anti-CD56 (MRQ-42; Cell Marque,
156 R-94; 1:500; Opal620), anti-CD20 (L26; Thermo Fisher,
MS-340; 1:600; Opal570). The slides were counterstained with
DAPI for 5 minutes and enclosed in Fluoromount-G mounting
medium (SouthernBiotech, 0100-01). Tissue slides were scanned
at 4x magnification using the microscope Vectra 3 Automated
Quantitative Pathology Imaging System (v3.0.4, PerkinElmer).
ROIs, containing both tumor and surrounding stroma, were
drawn with the aid of the corresponding H&E stainings using
the PerkinElmer Phenochart software (v1.0.9). For further analy-
sis, ROI were imaged at 20x magnification. InForm image-
analysis software (v2.4.2, PerkinElmer) was used for spectral
unmixing of Opal fluorophores, removal of autofluorescence sig-
nal, and tissue segmentation.

For segmentation (epithelial tumor fields versus stroma), an
algorithm was trained based on the expression of pan-
cytokeratin, DAPI, and autofluorescence. Subsequently, cell
identification, segmentation, and phenotyping were performed
by an in-house developed neural network (ImmuNet).”® The
resulting data were exported in Flow Cytometry Standard
(FCS) files, and cell populations were gated and quantified in
FlowJo (version 10, Tree Star Inc., Ashland, OR, USA).
Infiltration of immune cells was expressed in cell density by
dividing absolute cell counts by surface area (mm?) of the
tissue region (intraepithelial or stroma).

Statistical analysis

For univariable analyses, Cox proportional hazards models
were used (in SPSS v29 or in R/R studio v4.3.0/v2023.06.1
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Figure 2. Analysis of circulating immune cell numbers in relation to patient survival. (a) Correlogram depicting linear Pearson correlations between absolute PBMC
numbers, combined with PFS and OS (in months). Circle size and color indicate the correlation coefficient; an ‘x’ indicates a correlation that is not statistically significant
(ns). Hierarchically clustering indicates two correlation clusters in the dataset, highlighted as triangles. (b) Pearson scatter plot matrix of the variables highlighted by the
top triangle in (a), showing on the diagonal histograms and density of the selected variables. Bivariate scatter plots are shown below (x-axes are defined by column,
y-axes by row), and the correlation coefficients. *P < .05; **P < .01; ***P < .001. c—e) Kaplan—Meier survival curves for the median-divided number of CD8gyra cells (c), or
divided by tertiles for CD8pra (d) or for CD8+ T cells (e). (f-g) CD8+ T cells per pl blood within the PBMC cohort, divided as in (e), or separated into short/intermediate/
long survival. Individual data points and boxplots; both whiskers and normal-line depict the 5™-95™ percentile range. Comparison by an unequal-variances two-sided
T-test.



using the survival package v3.5-5) to estimate the association
of continuous variables with survival - scaled to an increment
of 100 cells or 10%-points to compute hazard ratios (HR). For
categorical comparisons, patients were split into 2 (median) or
3 (tertiles) groups; or in four groups based on the medians of
two independent variables. A forest plot based on median-
divided group analysis was generated using the forestploter
R package (v1.1.1). Survival differences between groups were
visualized (Kaplan-Meier curves) using the ggsurvfit R package
(v0.3.0); all indicated survival p values are from Cox propor-
tional hazards models.

Multivariable Cox regression analysis (PBMC dataset) was
performed using the adjusted model approach (the 10% rule
for confounding™ with variables that were significant for uni-
variable analysis, adjusting for relevant covariates from patient
characteristics — considering those that had an univariable p <
0.1—and including those that produced a > 10% change in the
coefficient.

Linear Pearson correlations were computed on square root-
transformed variables, and visualized either as circle correlo-
grams or as bivariate scatter plot matrices, using the ggcorrplot
(v0.1.4) and psych (v2.3.3) R packages. p values in this explora-
tive analysis were not corrected for multiple testing.
Correlations were visualized with hierarchical clustering
using the complete linkage method. The scatterplot matrices
show each available data point except for 1 outlier in both the
IHC dataset and the mIF dataset, which were manually
removed. p < .05 was considered statistically significant.

Data availability

The data generated in this study, with anonymized patient IDs,
are available upon reasonable request from the corresponding
author.

Table 1. Hazard ratios for selected variables and PFS.
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Results

PBMC immune profile analysis was performed on 67 blood
samples from patients (Figure 1a). Within the baseline patient
characteristics, age, primary tumor sidedness, differentiation
grade, primary tumor ix situ, number of metastases, number of
organs involved in metastatic disease, and LDH status were
associated with OS, and a number of these to progression-free
survival (PFS) (Table S1). Liver, lung, lymph nodes, and the
peritoneum were the most common metastatic sites, but no
association with outcome was apparent for any specific organ
in this cohort.

Circulating immune cell subsets and survival

To explore whether the local or systemic immune status corre-
lated with survival, we first analyzed the systemic immune
composition in the PBMC fraction of patient blood samples
by flow cytometry (Figure S1). Absolute numbers of various
immune cell populations across 67 patients were analyzed in
a Pearson correlation matrix, together with OS and PFS. Cross-
comparison of these variables followed by hierarchical cluster-
ing yielded 2 clusters (Figure 2a, triangles grouping red circles):
CD8+ T cell variables co-clustering with survival, and the
remaining lymphocytes. Positive correlations with survival
were statistically significant for the total number of CD8+
T cells, as well as for CD8+ terminally differentiated effector
(CD8gmra) T cells (Figure 2b, shown as dot plots). Univariable
Cox regression also indicated an association with OS and PFS
for these variables (Table S2).

Furthermore, dividing the patients using the median
CD8gymra Vvalue resulted in median PFS (mPES) of 10.8 vs
8.4 months (Figure 2c, Table 1). Interestingly, subgroup survi-
val analysis indicated that the ability for median-divided
CD8gpra numbers to separate PES only applied in patients

Subgroup Low High HR (95% CI)
PBMC N= ;
CD8+ 33 33 —— 0.73 (0.45-1.20)
CD8emra 33 33 — 0.57 (0.35-0.95)
CD8em 33 33 — 0.61 (0.37-1.01)
CD8+mcp3s) 34 33 —a— 0.56 (0.34-0.92)
CD8emra(%cos+) 34 33 —— 0.49 (0.30-0.81)
CD8+cpas—actTreg wmeg "0 16 16 — 0.46 (0.22-0.96)
CD8emracos+—actTreg wrreg 0o 18 18 —— 0.44 (0.22-0.86)
IHC 5
CD3-TC 15 14 — = 0.79(0.36-1.71)
CD3-IM 13 13 — 0.62 (0.27-1.42)
CD8-TC 18 18 — - 0.64 (0.32-1.27)
CD8-IM 17 17 —=———— 0.79(0.39-1.59)
mIF
CD3+ (1+9) 14 14 . = s 127(059-2.73)
CD4+ (1+S) 14 14 — = 1.05(0.49-2.26)
CD8+ (1+9) 14 14 — %> 0.98(0.46-2.10)
0.2|5 0.7‘5 1I 1.|5

Reduced risk Elevated risk

Median-divided data: higher vs lower.
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Figure 3. Analysis of circulating immune cell proportions in relation to patient survival. (a) Pearson correlogram of proportional immune cell data (relative to the variable
in brackets) and survival. (b) Pearson scatter plot matrix of the most relevant variables. *P < .05; **P < .01; ***P < ,001. (c) Kaplan—Meier survival curves for median-
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curves for combined assessments.

with RAS/BRAF wildtype or left-sided CRCs (Figure S2).
Survival separation was improved with a tertile CD8gppra
separator: the high group had an improved mPFS compared
to low+medium combined (12.5 vs 8.5 months; Figure 2d).
Similar outcomes were found for tertiles in CD8+ T cells

(high vs low+medium, 11.3 vs 8.3 months mPFS; Figure 2e).
Comparing the latter with healthy adult reference values,*’ the
lower third of patients clearly had CD8+ T cell numbers below
the normal range (Figure 2f). Moreover, dividing the PBMC
dataset into patients with short/intermediate/long survival



showed that 11/13 (85%) of short survival patients had fewer
CD8+ T cells than the medians of other patients or healthy
adults (Figure 2g). Other poor-prognosis biomarkers for com-
parison: 5/13 (38%) had a right-sided tumor, and among 10
short-survival patients with known RAS/BRAF mutation sta-
tus, 5 (50%) were KRAS-mutant and 3 (30%) BRAF-mutant.

Unlike for absolute values, there were no obvious correlation
clusters when the Pearson cross-correlation analysis was repeated
using relative PMBC measurements, e.g. percentages of parent
population (Figure 3a, note the overall reduced circle sizes as
well as the absence of a red group as seen in Figure 2a).
Nevertheless, CD8+(,s wcp3+) and CD8gyra(scpssy T cells
showed a positive correlation and association with PES
(Figure 3a,b and Table S3), and the former also with OS.
Furthermore, median-divided high vs low CD8gpra(scps+) S€pa-
rated PFS, yielding 11.7 vs 7.7 months mPFS. High vs low
CD8+ocps3+) had 12.4 vs 8.7 months mPFS and 28.8 vs 21.9
months mOS (HR for OS: 0.60, p=.039; Figure 3c and
Table 2). While this survival separation appeared again limited
to patients with left-sided CRCs, survival separation by this
variable seemed stronger in KRAS-mutant cancers (Figure S3a-
d). In comparison with healthy adult reference values, our
CD8+(9cps3+)-low patients had a much lower CD8+ population
size (Figure 3d and S3E). These data indicate that reduced
peripheral blood CD8+ numbers and effector phenotype are
associated with shorter survival, possibly by poor immunological
growth control of advanced CRC.

In line with a wider definition of a systemic effector phenotype,
we analyzed the association with survival for different concur-
rences of either CD8+oycp3+) or CD8pyra(ecps+) T cells with
active Tregrreg) Cells (Table S3), similar to a high CD8:Treg
ratio.””*! For CD8+(gcps+—active Tregorreq), We observed
a difference in PFS between an effector (high - low) vs suppressor
(low - high) phenotype; 13.9 vs 7.3 months mPFS and 45.1 vs 17.9
months mOS (HR for OS: 0.41, p = .015; Figure 3e). Especially for
OS, the combined CD8+ycp3+)—active Treguo;rreg) assessment

Table 2. Hazard ratios for selected variables and OS.
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separated survival better than CD8+,cps+) T cell status alone.
Similarly, CD8gnrascps+)—2active Treg(orreg) also separated sur-
vival: 12.5 vs 7.3 months mPFS, and 32.9 vs 19.7 months mOS
(Figure 3f and Table 1 and 2).

In multivariable Cox regression analysis for PBMC variables
and baseline characteristics, the associations between CD8+ and
CD8gyra T cells and OS/PES retained statistical significance after
adjusting for potential confounders (Table S4a,c). This indicates
that high CD8+ T cell numbers in blood are independently
associated with better survival. Additionally, the percentage of
CD4+ T cells was independently associated with PFS (Table S4d).

Primary tumour immune infiltration

We next investigated whether we could connect primary tumor
T cell infiltration to survival in our cohort. Therefore, CD3+ and
CD8+ T cell infiltration in both tumor center (TC) and invasive
margin (IM) were assessed by immunohistochemistry.
Unfortunately, due to uneven sample quality, the number of
complete cases (with all four values, N=19/45) was low.
Nevertheless, a correlation between CD3-IM and OS, as well as
correlations of both CD3-TC and CD8-TC with PFS were found,
although the latter two are likely explained by outliers (Figure 4a,
diamonds). Cox regression analyses indicated an association for
CD3-TC with PFS, and for CD3-IM with OS (Table S5). By
median-based division, only CD3-IM was able to separate OS
somewhat (mOS 28.2 vs 19.3 months; Figure 4b,c and Table 2).

Using a pairwise comparison of the IHC data with key PBMC
variables, a correlation between high tumoral CD8-TC values
and elevated circulating CD8+ and CD8gyra T cells was
observed (Figure 4d). CD8-TC high vs low gave of 10.2 vs 7.3
months mPFS, and 30.4 vs 20.4 months mOS (Figure 4e and
Table 2). Therefore, despite interesting correlations between
CD8+ T cells in primary tumors and in blood, our sample size
was likely too small to obtain associations with survival.

Subgroup Low High
PBMC N =
CD8+ 33 33
CD8emra 33 33
CD8¢m 33 33
CD8+(%cp3+) 34 33
CD8¢mra(scos+) 34 33
CD8+cose-actTreg ey "0 oM 16 16
CD8emracoss—actTreg grreg 0 O 18 18
IHC
CD3-TC 15 14
CD3-IM 13 13
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mlF
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— 0.60 (0.36-0.97)
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0.2|5 0.;5 ‘: 1.|5
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Median-divided data: higher vs lower.
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Figure 4. IHC analysis of primary CRC T cell infiltration in relation to patient survival. a) Pearson scatter plot matrix of OS/PFS and T cell counts in either the tumor center
(TC) or invasive margin (IM). Orange diamonds indicate outliers. b—c) Kaplan—Meier survival curves for the median-divided number of CD3+ (b) and CD8+ T cells (c) in
IM. d) Pearson scatter plot matrix comparison between selected PBMC-IHC variables. Statistically significant correlations are indicated by a red outline and asterisks
behind correlation coefficients. e) Kaplan-Meier survival curves for the median-divided number of CD8+ T cells in TC. *P < .05; **P < .01; ***P < .001.

Liver metastasis lymphocyte infiltration for long vs short
survivors

Finally, we performed multiplex immunofluorescence (mIF) on
liver metastases to inspect the association of immunological vari-
ables with survival in advanced disease. First, an exploratory
group of patients (mIF#1) with either short (N=5) or long
survival (N = 11) was analyzed - anticipating that this OS contrast
might afford the best chance to uncover a potential link between
immune features and metastatic growth control. Later, a second
group (mIF#2, N = 12) was added to increase the overlap with the
PBMC cohort, resulting in an OS distribution similar to the

PMBC population (Figure 1b). The mIF panel included markers
for T cells as well as for NK and B cells. With an additional tumor-
identifying marker, cellular densities were assessed both inside
glandular epithelial tumor beds (Intraepithelial) and in the sur-
rounding tumor Stroma (Figure 5a). Correlations of CD8+ T cell
density (I or S) in mIF#1 indicated an association with OS but
were reduced in mIF#1+#2 and remained statistically significant
only for total tumor (I+S) analyses (Figure 5b,c). In Cox regres-
sion analyses, both CD3+ and CD4+ T cell densities (I+S) asso-
ciated with OS (Table S6). No such association was observed for
subcompartments or for PFS.
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Figure 5. mIF analysis of liver metastasis lymphocyte infiltration linked to survival. (a) Liver metastasis section after mlF staining, showing epithelial tumor fields (dotted
regions). (b) Linear Pearson correlations between CRLM immune cell densities and survival clustered by region. (c) Pearson scatter plot matrix of survival and T cell
densities, by region. Datasets: mIF#1: orange/dotted-line boxes, #2: black dots; correlation lines and coefficients (solid boxes) are shown for #1+#2. *P < .05. (d) Kaplan-
Meier survival curves for median-divided CD8+ T cell density (I+S). (e) Pearson scatter plot matrix of selected PBMC — mlF s, variables. Correlation coefficients are
indicated unless between —0.25 and 0.25.
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Furthermore, OS for these patients was associated with med-
ian-divided CD8+ T cell density in liver metastases (I+S), 46.1 vs
25.5 months mOS (HR 0.43, p=.039; Figure 5d and Table 2).
Indeed, all 5 short-survival patients were in the low group.
Correlations between metastatic CD8+ T cell densities and
PBMC CD8+ T cell numbers were positive but weak (N= 19,
Figure 5e). This suggests that, while the convergence between the
two techniques/tissue types is modest, the underlying biology may
yet be conserved.

Discussion

This exploratory study focused on a cohort of patients with
advanced, multi-organ mCRC and indicates an association
between elevated CD8+ T cell presence and improved survival.
Notably, higher-than-median CD8+ T cell infiltration in liver
metastasis associated with OS, as did a higher PBMC fraction of
CD8+ T cells, and a CD8+ycp3+)—-active Tregeosrreg) cell com-
bined effector phenotype. Of particular interest was the contrast
between patients who had a very short survival and those living
longer. Our data suggest that low levels of both circulating and
metastasis-infiltrating CD8+ T cell numbers may have prognos-
tic value for short OS, potentially outperforming currently avail-
able biomarkers. Although metastatic location can have
prognostic value,*" we did not find such an association here.

Whereas many studies have found similar associations
between cancer immunity and survival in various cancer
types,*** including in patients with early-stage CRC or resect-
able, single-organ mCRC treated with curative intent,'>*>*" !
this study is the first to assess more advanced (multi-organ
metastatic) disease where treatment outcome is limited. This
unique cohort was expected to present a lower immune status,
compared to more limited disease. Indeed, the presence of
multiple metastases was previously linked to a low
immunoscore,'® representing poor T cell infiltration within
metastatic lesions. In fact, only a modest survival difference
was observed among their patients with many metastases when
dividing over immunoscore.'® The apparent difference with
our findings may be related to their low number of patients
with multiple metastases.

The main limitation of the present exploratory, hypothesis-
generating, study is the small size of the IHC/mIF datasets, as
well as the limited overlap with the PBMC dataset.
Furthermore, reducing measurements into two (or three)
groups, divided by the median or tertiles, further reduces
statistical power. For this reason, most of our univariable
analyses were performed on continuous variables. Also, the
PBMC dataset did not fully represent all already-validated
prognostic biomarkers, such as BRAF mutation, which is likely
a result of the inclusion criteria of the clinical trial. Future
research should be sufficiently representative and powered to
generate clinically relevant cutoffs for patient stratifications or
treatment decision-making. Regarding the need for a better
understanding of underlying biology, our study neither
included a detailed focus on unconventional T cells (including
NKT and y8 T cells,*® nor on suppressive/immature myeloid
cells including neutrophils.*”** Assessments with a wider
scope will undoubtedly offer information on immunosuppres-
sive mechanisms and may point to therapeutic opportunities.

Conclusion and future outlook

If validated in a larger population, our results may help identify
patients with absent or low cancer immunity that are likely to
have a very short survival, despite systemic therapy. Once
prognosticated, it can be considered to withhold systemic
therapy in these patients to spare them unnecessary treatment-
related toxicity. Moreover, this work supports further explora-
tion of therapeutic strategies that could either boost adaptive
immune responses that appear to characterize the relatively
long survivors — potentially linking to better disease control -
or elicit such responses where they seem absent. We foresee
that such (combinatory) treatments will become available for
patients with mCRC'? and several clinical trials in this area are
ongoing.*’ In earlier stages of CRC, immune therapy has
shown potential even in pMMR/MSS tumors.'® Thus, our
data may warrant the extension of immuno-oncology for
mCRC to more advanced disease.
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