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ABSTRACT

The comprehensive analysis of patients with a complete resection of all metastases reveals the hetero-
geneity of the colorectal metastatic disease and its clinical impact. Complex tumor immune interrelations
shape the metastatic landscape, not only in terms of number and size of lesions, or mutational pattern, but
also in terms of immune cell infiltrate. Significantly higher densities of T-cells and lower density of B-cells
were quantified in the tumor microenvironment of metastases compared with primary tumors. A high
T cell infiltration and Immunoscore measured in the least-infiltrated metastasis were associated with
a significantly lower number of metastases, larger metastasis, and prolonged survival while patients with
increased metastatic burden had a lower Immunoscore. Immunoscore was evaluated on a biopsy, in
a random metastasis or as the mean value of all metastases significantly predicting outcome. However,
the most immune-infiltrated metastasis was not significantly predicting outcome, whereas the least
immune-infiltrated metastasis was best in predicting clinical outcome. A good likelihood of concordance
of Immunoscore was observed between one biopsy and complete metastasis, but the overall intra-
metastatic immune infiltrate might be better estimated with multiple biopsies or sampling of larger
tumor areas. This intra-metastatic adaptive immune reaction increases following aneoadjuvant treatment
containing anti-EGFR monoclonal antibody, an effect that is currently therapeutically evaluated in clinical
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trials to improve the survival of metastatic patients.

Metastases and primary tumors have
a heterogeneous immune environment

Over 90% of colorectal cancer (CRC) patients with synchro-
nous metastases die within 5 y of diagnosis and therefore
a better understanding of metastatic development is needed.
Accumulating evidence suggests that tumor progression and
metastasis are shaped by the intratumoral immune landscape.
Metastatic cells must successfully negotiate complex steps lead-
ing to their establishment in a foreign tissue microenviron-
ment. The acquisition of genomic alterations or behavioral
changes does not completely explain this process, which is
likely to be influenced not only by the tumor cells, but also
by the tumor microenvironment. We previously reported the
major role of cytotoxic and memory T lymphocytes in predict-
ing survival of cancer patients within primary tumors'”” and
distant metastases.* '© A scoring system designated
“Immunoscore” based on the quantification of two lymphocyte
populations in the core (CT) and at the invasive margin (IM) of
primary tumors has a prognostic value superior to the AJCC/
UICC TNM-classification."**

The characterization of intrametastatic immune infiltration
was revealed in a comprehensive analysis including all resected
metastases (n = 603) for 222 stage IV patients undergoing
complete curative metastatic resection.'” Whole slide auto-
matic quantification assembled detailed information about
the spatial immune cell distribution within metastases and
primary tumors. Several parameters such as the area, the

number of the metastases, and the variation of the infiltration
level, considering mainly CD3+, CD8+, CD45R0O+, CD20+,
and FOXP3+ lymphocytes, in each metastasis were studied.
Like primary tumors, metastases were infiltrated with adaptive
immune cells in a non-uniform manner. Densely infiltrated
areas can be observed in both tumor regions (CT and IM) and
overall immune densities were higher at the IM of the metas-
tases. Significantly higher densities of T-cells and lower density
of B-cells were quantified in metastases compared with pri-
mary tumors. The most striking reported feature in patients
bearing more than one metastatic lesion is the heterogeneity of
such lesions in both lymphocyte infiltrates and the pattern of
analyzed hotspot somatic mutations.*'* A high T cell infiltra-
tion and Immunoscore measured in the least-infiltrated metas-
tasis were associated with a significantly lower number of
metastases, larger metastasis, and prolonged survival (disease-
free and overall survival), while patients with increased meta-
static burden had a lower Immunoscore (P < .001). Co-
evolution of the cytotoxic immune response and cancer prob-
ably explains much of the phenomenology conducive to the
number, size, and rate of progression of distant metastases. The
intensity of T cell infiltration in primary and metastatic lesions
probably speaks of a history of immunosurveillance, equili-
brium, and escape in the relationship of anticancer immunity
and the malignant cells, which ultimately results in heteroge-
neity of lesions and cancer patients.”
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Biopsy simulations accurately estimate the
intra-metastatic immune infiltrate

The densities of adaptive immune cells were predicting recur-
rence and overall survival when evaluated in a random metas-
tasis or as the mean value of all metastases. However, the most
immune-infiltrated metastasis was not significantly predicting
outcome, whereas the least immune-infiltrated metastasis was
best predicting clinical outcome.'® The accuracy of biopsies in
estimating the metastatic immune infiltrate was investigated.
The biopsy of a metastasis was representative for tumors with
homogeneous infiltrate but it over- or under-estimated the
total immune infiltrate in heterogeneous tumors and was less
accurate in patients with inter-metastatic heterogeneity. The
simulation of a metastasis biopsy on the whole cohort (com-
puted assisted, one small region in the CT selected randomly
for each patient and quantified for CD8 density, study repeated
100 times per patient) showed a very good specificity, low-
infiltrated patients being correctly identified in more than 90%
of the cases, even if a single CT region of 0.64 mm” (equivalent
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Figure 1. Immune heterogeneity of metatastic colorectal cancer. A high T cell
infiltration and Immunoscore measured in the least-infiltrated metastasis were
associated with a significantly lower number of metastases, larger metastasis, and
prolonged survival while patients with increased metastatic burden had a lower
Immunoscore. Immunoscore evaluated in a random biopsy or in a random
metastasis or as the mean value of all metastases significantly predicting out-
come. The most immune infiltrated metastasis (Max) was not significantly pre-
dicting outcome, whereas the least immune infiltrated metastasis (Min) was best
in predicting clinical outcome. Receiver operating characteristics likelihood of
concordance of biomarkers (Immunoscore and PD-L1) between biopsy and com-
plete metastasis evaluation, shows better performance for Immunoscore.
Preoperative treatment containing anti-EGFR monoclonal antibody is associated
with increase T cell densities in the core of the metastases.

of a single little biopsy) was analyzed. In more than 30%, this
simulated biopsy was log rank significant for DFS and OS. The
sensitivity increased with the number of investigated CT
regions. At 10 simulated biopsies, more than 80% of high-
infiltrated patients were correctly classified and the great
majority of these repetitions of biopsy correlated with patient
survival (DFS and OS). Similar results were obtained for CD3
and Immunoscore (biopsy adapted). In contrast, PDL1 was less
sensitive and specific (32%, 94%, respectively) than CD3, CD8,
or Immunoscore (65% and 99%, respectively) in estimating the
reality of the positivity across the whole metastatic slide, espe-
cially for low numbers of CT region.'” In rectal cancer, biopsy-
adapted Immunocore provides a strong prognostic factor for
DEFS and clinical and pathological response to preoperative
treatment, possibly identifying group of patients that should
benefit from less invasive therapeutic strategies (i.e. Watch-and
-Wait or minimally invasive surgery)"'

Biopsies represent only a static snapshot of a metastasis. A single
biopsy accurately identifies low-infiltrated metastases, but the overall
intra-metastatic immune infiltrate might be better estimated with
multiple biopsies or sampling of larger tumor areas. The use of
a single, randomly selected tumor-biopsy could thus limit and bias
the discovery of new biomarkers for targeted treatments, especially in
patients with increased metastatic burden.

Preoperative treatment impacts the tumor immune
microenvironment

Current preoperative treatment of CRC metastases frequently
involves chemotherapy with anti-VEGF or anti-EGFR monoclonal
antibodies.'>”"” This permitted to explore differences in the immune
infiltrate of metastases depending on the type of preoperative regi-
men received. While chemotherapy together with an anti-EGFR
IgG1 monoclonal antibody (cetuximab) leads to increased T cell
infiltration specifically in the CT of the metastasis, anti-VEGF com-
bined with chemotherapy did not increase T lymphocyte infiltrates
but increased the expression of B-cell and NK-cell genes. These
differences could be attributed to the mechanism of action of cetux-
imab that coats tumor cells and activates Fc-gamma receptors on NK
and myeloid cells, whereas anti-VEGF neutralizes a soluble factor. Of
interest, RAS mutation status does not seem to be a driver of baseline
Immunoscore but determines lower T cell infiltration in response to
anti-EGFR plus chemotherapy. Over the recent years, it has been
established that almost all cancer treatments affect antitumor
immunity.>* This includes anti-VEGF, anti-EGFR, and conventional
chemotherapy that reshapes the composition of the microenviron-
ment and may induce immunogenic cell death.

This intra-metastatic adaptive immune reaction increasing
following a neoadjuvant treatment is currently therapeutically
exploited and evaluated in many clinical trials to improve the
survival of metastatic patients.

Immune heterogeneity and immunosuppression of CRC
make it as a formidable enemy for immunotherapy, even if
the immune system has inherent abilities to adapt. These
observations are probably explained by the coevolution of the
immune response and the malignant cells fitting the “three
E model” (elimination, equilibrium, and escape). When study-
ing primary tumors, and metastases, we are more likely dealing



with both an equilibrium and a partial escape.® Even at the
metastatic stage, adaptive immune cells are still infiltrating
metastases and are strongly influencing the clinical outcome
and survival of patients. However, the immune escape is likely
to be the heterogeneous Darwinian result of serial successful
escape variants explaining immunodivergence of the metas-
tases in the snapshots that we see upon surgery or necropsy.
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