L))

Check for
updat

Immunoscore vs. Microsatellite instability as prognostic biomarkers

in colorectal cancer: who wins?
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Colorectal cancer (CRC) incidence rates decreased since
2001 due to improved screening tests and treatments (1,2).
However, CRC still remains one of the main causes of cancer-
related deaths world-wide (2). Thus, improved knowledge
derived from ongoing research is required to achieve further
improvements. Retrospective analyses of large CRC patient
cohorts have identified specific patterns of immune activation
in the tumor microenvironment which were associated with
patients’ overall survival. The type, density, and location of
immune cells intratumorally established the Immunoscore
(IS). The IS combined with the expression of genes encoding
T helper 1 (Thl) cytokines (IFNy, IL2) and cytotoxic
mediators (granzymes, granulysin) delineate the immune
contexture (IC). Both, the IS and IC have been generally
associated with favorable clinical outcome, supporting a
major role of T-cell-mediated immunity to restrain tumor
progression (3-6). Studies have shown that the abundance
of tumor-infiltrating T cells is associated with specific
molecular features of colorectal tumors, including those with
high-level microsatellite instability. Microsatellite-instable
(MSI) tumors, which are characterized by the loss of DNA
mismatch repair activity, are to be found in about 15% of
all CRC patients; 3% of MSI tumors are associated with
Lynch syndrome and the other 12% are caused by epigenetic
hypermethylation of the promoter of the MLHI gene (7).
MSI patients have high immune infiltrates and immune-
related gene signatures, and a better prognosis than patients
with microsatellite-stable (MSS) colorectal tumors (7).
The former group of patients also show highly increased
mutation rates and expression of immunogenic frameshift
neuropeptides. This may explain the extensive infiltration of
the tumor by activated neoantigen-specific T cells, resulting
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in an anti-tumor immune response and enhanced patient
survival in MSI patients in contrast to MSS patients (6,8,9).
Nevertheless, so far there is no integrated study to assess
the prognostic significance between intratumoral genomic
alterations and immune patterns with the presence or absence
of MSI in patients with CRC.

In a recent tissue of Immunity, Mlecnic et al. performed
a comprehensive analysis of the tumor microenvironment,
immune gene expression and mutational status in CRC
patients in relation to their microsatellite status (10). They
also characterized the presence of preexisting tumor-reactive
T lymphocytes within CRC tumors, relative to MSI status of
the tumor as well as to the type of the intratumoral adaptive
immune response and made correlations with patients’
clinical outcome (10). The authors could identify a high
number of genes which were upregulated in MSI compared
to MSS tumors. These genes were mainly associated with
antigen presentation pathways, IFNy signaling, Th1-related
cytokines, chemokines and chemokine receptors and leucocyte
migration. Moreover, MSI tumors vs. MSS tumors, had a
higher infiltration of cells and effector molecules which are
associated with Thl-immunity, including cytotoxic cells,
granzymes, Thl and T follicular helper cells, dendritic cells
and neutrophils. Nevertheless, these differences in immune-
related gene expression as well as in immune infiltrates
were not absolute, since there were MSI tumors which had
low expression of these immune markers (similar to MSS
tumors) and, vice versa, there were MSS tumors which
expressed these genes at high levels similar to MSI tumors.
"The clinical follow-up in these patients revealed that disease-
free survival (DFS) was dependent on the levels of expression
of the immune signatures, irrespective of the MSI or MSS
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status. In the same lines, clinical outcome analyses based on
IS and microsatellite status, revealed that patients with high
infiltration by cytotoxic and memory cells (i.e., with IS3 and
1S4) had significantly improved DFS, and overall survival (OS)
irrespective of having MSI or MSS tumors. More important,
the IS remained significant in multivariate analysis for clinical
outcome, in marked contrast to clinicopathological parameters
and microsatellite status. High immune infiltrates were
associated with high mutational rates in MSI tumors, resulting
in immunoediting. This was derived from a lower number of
neoepitopes for frameshift and missense mutations to what
was expected and this decrease was more pronounced in MSI
vs. MSS tumors. The authors could also isolate peripheral T
lymphocytes from HLA-A2.1+ patients specifically producing
IFNy in response to a mutated TGFBR2 neoepitope.
Neoantigens possess a central role in tumor immunity
acting both, as cancer response predictive biomarkers and as
potent tumor-specific immunogens. There is now increasing
evidence to suggest that immunogenic tumors harbor higher
rates of mutations and consequently increased numbers of
neoepitopes. There are several studies to demonstrate that
the numbers of mutations as well as of neoantigens per
tumor correlate with the response to immune checkpoint-
based immunotherapy in melanoma, NSCLC, and colorectal
cancers with MSI (11). However, when characterizing
common neoantigens between clinical responder patients,
van Allen et al. found that neoantigen epitopes which were
associated with clinical benefit were private events without
recurrent features, suggesting that no single common antigen
or mutation correlated with clinical benefit (12). Thus, the
best option for determining clinical benefit from immune
checkpoint inhibitors will mostly derive from integrative
analyses combining exome and transcriptome analyses with
tumor immunogenicity and immune infiltrates. The work
by Mlecnik et al., has come to confirm exactly this, namely
that response to immunotherapies depends on genomic
and immune signatures comprising the frequency and
number of mutations as well as the strength and the type
of intratumoral network immune interactions and not just
from the presence of individual mutations. To this end, by
analyzing MSI vs. MSS tumors from CRC patients they
provided convincing evidence to show (I) an association
between high mutational load with increased numbers of
effector memory T lymphocytes in MSI tumors; (II) that
genomic and immune alterations in MSI tumors are tightly
connected with an active preexisting adaptive immune
response by demonstrating a more frequent immunoediting
against neoantigens in MSI tumors; (III) that WN'T/B-
catenin mutations do not influence immune gene signatures
or immune infiltrates and are to be found at similar
frequencies among tumors irrespective of their microsatellite
status. Importantly, the authors could also demonstrate a
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direct correlation between PD1/PDL1 expression with the
Immunoscore in tumors which was independent of their
microsatellite status. As expression of immune checkpoints
intratumorally is associated with preexisting T cell immunity
to tumor-specific neoepitopes (11,12), the authors proposed
that CRC patients with increased Immunoscores (i.e., 1S3
and IS4) will most likely benefit from immune checkpoint
therapies independent of their microsatellite status.

Surely, there are multiple factors which may influence
tumor evolution as well as therapy-induced clinical
outcomes. Indeed, the tumor microenvironment is
composed by various interacting cell populations which
generate a complex network of cytokines and chemokines
with their specific receptors, all of which can induce
dramatic changes in gene-expression profiles and immune
infiltration (13,14). Therefore, it will be important to
perform integrated analyses encompassing genomic and
epigenetic alterations combined with detection of immune-
related signatures and characterization of immune infiltrates
in order to be able to have a comprehensive picture of
the dynamic changes which occur within the tumor
microenvironment. By performing such types of analyses,
Mlecnic et al. shed more light in our understanding of the
interaction between immune lymphocytes and malignant
cells in the microenvironment of colorectal tumors. The
authors demonstrated that high mutational loads and high
levels of immune infiltrates within MSI tumors result in
immunoediting, which is to understand from the drop in
the number of neoepitopes per mutation, from what was
anticipated. In addition, CRC patients had functionally
active T cells recognizing such neoepitopes representing
natural immunity against tumor-specific mutated antigens.
Although intratumoral preexisting T cells specific
for the cancer may be turned off by adaptive immune
resistance (15), blocking antibodies to PD1 or PDL1 can
reverse this situation providing efficient immunotherapy
modalities for cancer treatment. Given the correlation
between PD1/PDL1 expression and the Immunoscore and
considering that early stage cancers appear more frequently
to have high Immunoscore vs. late stage cancers, the
authors suggested that the patients at an early stage will
mostly benefit from immune checkpoint therapy.

Thus, although this study does not question the role
of MSI status in the tumors of CRC patients as a marker
for increased immune infiltrates, higher frequencies of
frameshift mutations, and favorable clinical outcome, still
it demonstrates that a significant number of patients with
MSS having high Immunoscore , behave similarly. In the
same lines, patients with MSI-positive tumors but with low
Immunoscore have unfavorable clinical outcome. These
data emphasize the utmost important role of preexisting
adaptive immunity, which comprises Immunoscore, as
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a stronger predictor of CRC patient survival than MSI.
Moreover, the results from this study place emphasis on
the role of preexisting immunity as predictive biomarker
for the clinical outcome of immunotherapies mostly based
on immune checkpoint inhibition and propose that for
successful anti-tumor immune effect, the activation of the
immune system at the level of adaptive immune response will
be important. Thus, immunotherapeutic protocols effectively
reinvigorating preexisting antitumor T cell immunity may
be quite successful by delaying or even preventing primary
tumors to disseminate and develop metastases.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
and reviewed by the Section Editor Hao Feng, MD
(Experimental Surgical Research, Department of General,
Visceral, Transplant, Vascular and Thoracic Surgery,
Hospital of the LMU Munich, Germany).

Conflicts of Interest: The author has completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/tcr.2016.07.06). The author has no conflicts
of interest to declare.

Ethical Statement: The author is accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Edwards BK, Ward E, Kohler BA, et al. Annual report to
the nation on the status of cancer, 1975-20006, featuring
colorectal cancer trends and impact of interventions (risk
factors, screening, and treatment) to reduce future rates.
Cancer 2010;116:544-73.

2. Edwards BK, Noone AM, Mariotto AB, et al. Annual

© Translational Cancer Research. All rights reserved.

S§327

Report to the Nation on the status of cancer, 1975-2010,
featuring prevalence of comorbidity and impact on survival
among persons with lung, colorectal, breast, or prostate
cancer. Cancer 2014;120:1290-314.

3. Fridman WH, Pages F, Sauteés-Fridman C, et al. The
immune contexture in human tumours: impact on clinical
outcome. Nat Rev Cancer 2012;12:298-306.

4. Pages E, Berger A, Camus M, et al. Effector memory T
cells, early metastasis, and survival in colorectal cancer. N
Engl ] Med 2005;353:2654-66.

5. Galon J, Angell HK, Bedognetti D, et al. The continuum
of cancer immunosurveillance: prognostic, predictive, and
mechanistic signatures. Immunity 2013;39:11-26.

6. Galon J, Costes A, Sanchez-Cabo F, et al. Type, density,
and location of immune cells within human colorectal
tumors predict clinical outcome. Science 2006;313:1960-4.

7. Boland CR, Goel A. Microsatellite instability in colorectal
cancer. Gastroenterology 2010;138:2073-2087.¢3.

8. Schwitalle Y, Kloor M, Eiermann S, et al. Inmune
response against frameshift-induced neopeptides in
HNPCC patients and healthy HNPCC mutation carriers.
Gastroenterology 2008;134:988-97.

9. Westdorp H, Fennemann FL, Weren RD, et al.
Opportunities for immunotherapy in microsatellite
instable colorectal cancer. Cancer Immunol Immunother
2016. [Epub ahead of print].

10. Mlecnik B, Bindea G, Angell HK, et al. Integrative
Analyses of Colorectal Cancer Show Immunoscore Is a
Stronger Predictor of Patient Survival Than Microsatellite
Instability. Immunity 2016;44:698-711.

11. Koster BD, de Gruijl TD, van den Eertwegh AJ. Recent
developments and future challenges in immune checkpoint
inhibitory cancer treatment. Curr Opin Oncol 2015;27:482-8.

12. Van Allen EM, Miao D, Schilling B, et al. Genomic
correlates of response to CTLA-4 blockade in metastatic
melanoma. Science 2015;350:207-11.

13. Becht E, de Reyniés A, Giraldo NA, et al. Immune and
Stromal Classification of Colorectal Cancer Is Associated
with Molecular Subtypes and Relevant for Precision
Immunotherapy. Clin Cancer Res 2016. [Epub ahead of print].

14. Puré E, Lo A. Can Targeting Stroma Pave the Way to
Enhanced Antitumor Immunity and Immunotherapy of
Solid Tumors? Cancer Immunol Res 2016;4:269-78.

15. Ribas A. Adaptive Immune Resistance: How Cancer Protects
from Immune Attack. Cancer Discov 2015;5:915-9.

Cite this article as: Baxevanis CN. Immunoscore vs.
Microsatellite instability as prognostic biomarkers in colorectal
cancer: who wins? Transl Cancer Res 2016;5(S2):S325-S327.
doi: 10.21037/tcr.2016.07.06

tcr.amegroups.com Transl Cancer Res 2016;5(S2):S325-S327


http://dx.doi.org/10.21037/tcr.2016.07.06
http://dx.doi.org/10.21037/tcr.2016.07.06
https://creativecommons.org/licenses/by-nc-nd/4.0/

