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Immune landscape and biomarkers for immuno-oncology
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Recent advances in immuno-oncology have increased understanding of the tumor immune microenvironment (TIME), and clinical trials
for immune checkpoint inhibitor treatment have shown remission and/or durable response in certain proportions of patients stratified by
predictive biomarkers. The TIME in colorectal cancer (CRC) was initially evaluated several decades ago. The prognostic value of the im-
mune response to tumors, including tumor-infiltrating lymphocytes, peritumoral lymphoid reaction, and Crohn’s-like lymphoid reaction,
has been well demonstrated. In this review, we describe the chronology of TIME research and review the up-to-date high-dimensional
TIME landscape of CRC. We also summarize the clinical relevance of several biomarkers associated with immunotherapy in CRC, such
as microsatellite instability, tumor mutational burden, POLE/POLD mutation, consensus molecular subtype, and programmed death-li-

gand 1 expression.
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Colorectal cancer (CRC) is the second most commonly diag-
nosed cancer and the third leading cause of cancer-related death
in Korea [1]. Because of rapid spread of colonoscopy screening,
there was a general decrease in CRC until 2010. However, recent
studies have reported that the decline in CRC incidence has re-
versed during the last few years, especially in middle-aged per-
sons, and the occurrence of early-onset CRC has rapidly in-
creased [2]. Most patients with CRC are diagnosed at an opera-
ble stage; howevet, approximately 20% of patients with stage
IIT or high-risk stage IT CRC relapse within 5 years after cura-
tive resection [3]. Moreover, the 5-year relative survival rate for
metastatic CRC is 14% [2]. To improve clinical outcomes for
patients with CRC, a more effective treatment modality is re-
quired to fulfill those unmet needs.

Cancer is fundamentally a genetic disease since the accumu-
lation of mutations, fusions, and copy number alterations drives
tumorigenesis. However, recent research on the tumor immune
microenvironment (TTME) has revealed the importance of in-
teractions between tumor cells and surrounding immune cells

in tumorigenesis [4]. Immune checkpoint inhibitor (ICI) treat-
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ment, such as anti—cytotoxic T-lymphocyte antigen 4 (CTLA-4)
antibodies and anti—programmed death-1 (PD-1) antibodies,
has shown marked clinical benefits in many types of cancer [5,06].
CRC also holds promise for cancer immunotherapy use, and the
U.S. Food and Drug Administration (U.S. FDA) approved im-
munotherapeutic agents for microsatellite instability-high
(MSI-H) CRC in 2017 (Fig. 1) [7,8].

In this review, we describe the landscape of the immune mi-
croenvironment in CRC and summarize the clinical usefulness
of several suggested biomarkers in CRC immunotherapy.

IMMUNE LANDSCAPE
OF COLORECTAL CANCERS

Historical use of microscopic evaluation of immune
environment in CRCs

To our knowledge, Spratt and Spjut [9] published the first study
on integrative histologic evaluation of CRCs in 1967. In that
study, the authors evaluated histologic grade, mucinous ele-
ments, depth of invasion, characteristics of tumor border, lym-
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Fig. 1. Timeline with key milestones in immuno-oncology research and U.S. Food and Drug Administration (FDA)-approved anti-cancer
therapy in colorectal cancers (CRCs). CTLA-4, cytotoxic T-lymphocyte antigen 4; PD-1, programmed death-1; PD-L1, programmed death-
ligand 1; TCGA, The Cancer Genome Atlas; mCRC, metastatic colorectal cancer; MSI, microsatellite instability; MMR-D, mismatch repair
deficiency; MSI-H, MSI-high. Black diamond, milestone events in general immuno-oncology research; blue diamond, milestone events in im-
muno-oncology research in CRCs; black flags, cytotoxic chemotherapy; blue flags, targeted therapy; and red flags, immunotherapy.

phatic/vascular/perineural invasion, and especially degree of in-
flammatory reaction around the tumor in 1,137 consecutive
CRC cases. CRC with no inflammatory reaction showed shorter
S-year and 10-year survivals than CRC with moderate inflam-
matory reaction and abscess formation. Watt and House [10]
evaluated peritumoral lymphoid cells in a semiquantitative
manner, and Duke B tumors with recurrence or death during
follow-up showed a tendency toward minimal lymphocytic infil-
tration. Pihl et al. [11] reported the association of perivascular
lymphoid cuffing in the muscularis propria or subserosa with
favorable disease-free survival (DFS) in 134 Duke B CRCs.
Perivascular lymphoid cuffing has been named “Crohn’s-like
lymphoid reaction,” and is now referred to as an ectopic or tertiary
lymphoid structure [12]. Naito et al. [13] evaluated intraepi-
thelial tumor-infiltrating CD8" T cells using immunohisto-
chemistry and found that increased intraepithelial CD8" cell in-
filtration was associated with lower Duke stage and better survival.
Ogino et al. [14] reported that the overall lymphocytic reaction,
which combines the degree of Crohn’s-like lymphoid reaction,
peritumoral reaction, intratumoral periglandular reaction, and
tumor-infilerating lymphocytes (TILs), is a prognostic marker
independent of clinicopathologic and molecular characteristics.

http://jpatholtm.org/

Quantitative evaluation of TIME using digital pathology

Previous studies evaluating the immune microenvironment
in CRCs depended on manual inspection of glass slides using a
light microscope. Visual assessment of immune cells and stroma
is labor-intensive and has limited objectivity. Most studies enu-
merated immune cells in hotspot areas, while some studies used
semiquantitative methods [15]. Recent advancements in virtual
slide scanners and machine learning algorithms have enabled
objective quantification of the tumor microenvironment at the
whole slide level.

The immunoscore developed by Jérome Galon is the most
well-known digital pathology-based approach for evaluation
of TILs. In 2006, Galon et al. [16] showed that an increased
number of total T cells (CD3") and resident memory T cells
(CD45RO") in the center of the tumor (CT) and at the invasive
margin (IM) was an independent marker of better DFES in CRCs.
In 2014, they proposed the “Immunoscore” method based on
enumeration of CD3" and CD8" T cells in the CT and IM regions
of tumors (Fig. 2) [17]. Immunoscore assay shows supetior
prognostic value compared with microsatellite instability and has
prognostic value in both primary tissues and metastatic tissues
[18,19]. To ensure robust enumeration of TILs, the researchers
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Fig. 2. Calculation method of Immunoscore (adapted from Anitei et al. [17]). CT, center of tumor; IM, invasive margin; H, high; and L, low.

developed an in vitro diagnostic immunoscore assay for clinical
use. The international immunoscore consortium consisted of 14
institutions in 13 countries and performed a validation study
for the immunoscore assay using 2,681 stage I-III colon cancers
[20]. Using standardized immunohistochemistry protocols and
image analysis software, the immunoscore assay showed high
reproducibility between institutions. The consortium catego-
rized CRC cases as low immunoscore group (0-25 percentile),
intermediate immunoscore group (25-70 percentile), and high
immunoscore group (70-100 percentile). Patients with high
immunoscore showed longer time to recurrence compared to
patients with low or intermediate immunoscore independent of
age, sex, stage, microsatellite instability (MSI), and other known
prognostic factors. Moreover, patients with high immunoscore
showed significantly lower risk of recurrence compared to patients
with low immunoscore in stage II colon cancers.

Reichling et al. [21] performed whole-slide imaging analysis
of 1,018 stage III colon cancers in the PETACCOS study. They
developed software to detect colon cancer, normal mucosa, stro-
ma, and immune cells on CD3- and CD8-stained slides. In
their study, the stromal area in IM and CT (originally, cumor
core in their article) showed strong positive correlation. A high-
er proportion of stromal area in the tumor was associated with
poor relapse-free survival (RES), and an increased proportion of
stromal area in the IM showed the highest hazard ratio for RFS
compared with the stromal area in the CT or total stromal area.
The researchers tested the prognostic role of the four immune
variables (mean values of each tumor tile for each slide), CD3"
IM, CD3* CT, CD8" IM, and CD8" CT. High CD3" IM, CD3"
CT, and CD8" CT were significantly associated with superior
clinical outcomes. The classical “Immunoscore” showed similar
performance to the CD3" CT variable in predicting clinical
outcome. The researchers developed the “DGMate” score de-
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rived from 127 parameters extracted from image analysis and
the “DGMuneS” score by combining CD3" CT, stromal area in
the IM, and “DGMate” score. The “DGMuneS” score slightly
outperformed the “Immunoscore” in predicting clinical outcome.

Nearchou et al. [15] evaluated tumor bud (TB), CD3" TILs,
and CD8" TILs on the same section of stage II CRC tissues us-
ing multiplex immunofluorescence staining. They found that a
higher density of CD3" T cells at the IM and CD8" T cells at
the IM and in whole tumor sections (WTSs) were significantly
correlated with lower TB number. In survival analysis using
least absolute shrinkage and selection operator penalized Cox
proportional hazard regression, four morphologic features, in-
cluding CD3" T cell density in WTSs, mean CD3"CD8" T cell
number within 50 pm of TBs, TB number, and CD8" T cell
density in the CT, had significant predictive value for disease-
specific survival. After eliminating the least significant features,
the authors proposed the “Tumor Bud-Immuno Spatial Index
(TBISI)” using CD3" T cell density in WTSs, mean CD3*CD8"
T cell number within 50 pm of TBs, and TB numbers, which
could predict disease-specific survival.

We recently analyzed CD3" TILs, CD8" TILs, and the tumor-
stroma ratio (TSR) in 886 stage III or high-risk stage Il CRCs
using whole-slide imaging [22]. Clustering analysis using 197
parameters extracted from image analysis classified CRCs into
five clusters. Strikingly, the five clusters showed similar clinico-
pathologic and molecular characteristics with the consensus
molecular subtype (CMS) classification [23]. In detail, cluster 1
was characterized by highest TIL density, enrichment of MSI-H
tumors, and CpG island methylator phenotype-high (CIMP-H)
tumors (features of CMS1). Cluster 2 was characterized by lower
TSR, distal colorectum locations, and retained intestinal differ-
entiation (features of CMS2). Cluster 3 was characterized by the
highest CD8/CD3 ratio and prominent mucin production (fea-
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tures of CMS3). Cluster 4 was characterized by the lowest TIL
density and highest TSR (features of CMS4). Cluster 5 showed
intermediate TIME characteristics, and this cluster was similar
to tumors with mixed/indeterminate features in the original
CMS study. This similarity highlights the clear association of
the tumor transcriptome with the immune microenvironment
[24]. Similar to the original CMS classification, cluster 4 in our
study showed poor 5-year RES in two independent datasets.

High-dimensional analysis of immune landscape of CRCs

Recent advancements in RNA sequencing, proteomics, and
single-cell technologies have dramatically increased our under-
standing of the TIME. Deconvolution algorithms such as CIBER-
SORT [25], xCELL [26], and microenvironment cell popula-
tions-counter (MCP-counter) [27] for bulk RNA sequencing
are useful tools for transcriptome data [28]. Because there are
many publicly available transcriptome data for CRCs combined
with genetic and clinicopathologic data from different datasets,
TIME characteristics of each molecular or pathologic subtype
can be identified. Using gene expression signatures, these algo-
rithms can identify the cellular fractions of 6 to 64 immune and
nonimmune cells. Mass cytometry provides high-dimensional
protein-based cellular data for up to 40 antibodies at an individ-
ual cell level [29]. Combining cytometry and the time-of-flight
method using lanthanide metal ion-tagged antibodies, mass cy-
tometry provides high-dimensional data with low background
noise. Single-cell RNA sequencing (scRNA-seq) provides un-
biased profiling of immune cells without prior gene selection
[30]. scRNA-seq enables classification of different subsets and
identification of novel markers or regulators for each subset.
Both mass cytometry and scRNA-seq used in an in-situ manner
provide a more comprehensive TIME landscape by preserving
spatial information [31,32].

Xiong et al. [33] analyzed the proportion of 22 cell types in
bulk transcriptome data from 2,306 patients with CRC (644
from The Cancer Genome Atlas [TCGA] RNA-sequencing
data and 1,662 from Gene Expression Omnibus expression mi-
croarray data) using CIBERSORT. Tumor tissues showed more
MO and M1 macrophages, resting natural killer (NK) cells,
plasma cells, and memory and activated CD4" T cells along
with fewer resting mast cells and M2 macrophages than normal
tissues. In survival analysis, M1 macrophages and activated
dendritic cells were significantly associated with improved out-
come, whereas eosinophils, neutrophils, and M2 macrophages
wete associated with poorer outcomes. Marisa et al. [34] quan-
tified immune cell infiltration in transcriptome data using an
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MCP-counter. There was a strong positive association between
immune checkpoint expression with infiltration of certain lym-
phoid (NK cells, T cells, and cytotoxic cells) and myeloid cells,
whereas B cells, fibroblasts, vessels, and granulocytes showed
little or no association with immune checkpoint expression.

Zhang et al. [35] performed scRNA-seq and T cell receptor
(TCR) tracking to analyze distinct functions and clonalities
among 11,138 T cells from 12 patients with CRC. Using the t-
stochastic neighbor embedding method, the authors found a
total of eight CD8" and 12 CD4" T cell clusters. Within CD8* T
cells, naive T cells, central memory T cells, and recently activated
effector memory T (Trama) cells were enriched in blood, whereas
exhausted T (Tgx) cells were specifically enriched in tumors.
Resident memory T cells were predominantly found in normal
mucosa. Among CD4" subtypes, naive and effector-like cells
were enriched in blood. Follicular helper T cells were enriched
in normal mucosa, whereas two IFNG* Th1-cell-like subsets
and Th17 cells were enriched in tumors. In clonality analysis,
CD8" Tex cells and Trwra cells showed the highest degree of
clonal expansion. Among CD4" T cells, most tumor-infiltrating
regulatory T (Treg) cells clones showed clonal exclusivity,
whereas certain Treg cell clones were developmentally linked to
several helper T cell clones. The researchers also found that
CXCL13'BHLHEA40" Th1-like cells were abundant in MSI tu-
mors, whereas microsatellite-stable (MSS) tumors were moder-
ately enriched with Ty17 cells. BHLHEAO is expressed in T
cells via TCR stimulation, which positively regulates granulo-
cyte-macrophage colony-stimulating factor and IFN-y produc-
tion [36,37]. The authors speculated that enrichment of
CXCL13'BHLHE40 TENG" Th1-like cells might be one cause
of a favorable response to immunotherapy in patients with MSI
CRC. Recently, anti-CD40 agonist treatment was reported to
increase BHLHE40" Th1-like cells in a MC38 syngeneic mouse
tumor model. This finding suggests crosstalk of tumor-associat-
ed BHLHE40" Th1-like cells and conventional type 1 dendritic
cells [38].

De Vries et al. [39] performed single-cell mass cytometry us-
ing 36 immune cell markers in 35 CRC tissues, 26 tumor-asso-
ciated lymph nodes, 17 healthy mucosae, and 19 peripheral
blood samples from 31 patients with CRC. Clustering analysis
of CD8'/yd T cells revealed that activated (HLA-DR'CD38"
PD-1) and tissue-resident (CD103*CD69") phenotypes were
enriched in tumor tissue compared with other tissues. Clustering
analysis of CD4" T cells showed that inducible T-cell co-stimu-
lator (ICOS)*CD27" cells were enriched in tumor tissues, and
these cells showed a regulatory-like phenotype overexpressing
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FOXP3. In innate lymphocyte populations, Lin CD7'CD127~
CD56'CD45RO" cells were enriched in tumor tissues, account-
ing for up to 80% of the innate lymphoid compartment. This
subset showed a tissue-resident (CD103°CD69”) phenotype
and displayed cytotoxic activity. Moreover, this cell population
was abundant in mismatch repair (MMR)-deficient tumors.
Norton et al. [40] showed that B lymphocyte-induced matura-
tion protein-1 (BLIMP1)" Treg cells were significantly enriched
in tumor tissues compared with normal mucosa. The enrich-
ment of ICOS, CD45RO, PD-1, programmed death-ligand 1
(PD-L1), lymphocyte-activation gene 3 (LAG-3), CTLA-4, and
T-cell immunoglobulin mucin-3 (TIM-3) on BLIMP-1" regu-
latory T cells suggested that BLIMP-1" Treg cells have a more
activated phenotype than conventional Treg cells and may play a
role in the antitumor immune response. Di et al. [41] also found
that exhausted T cells (PD-1"CD38"HLA-DR*CCR7°CD127")
and regulatory T cells (CD4°CD25°CD127") were increased in
tumor tissues. Moreover, they found that CD8'CD28” immu-
nosenescent T cells with impaired proliferation capacity were
the most abundant T cell population in colorectal tumors.

BIOMARKERS ASSOCIATED WITH IMMUNE
MICROENVIRONMENT AND IMMUNOTHERAPY

Microsatellite instability/mismatch repair-deficiency
Germline mutation of genes encoding MMR enzymes (MLH],
MSH2, MSHG6, and PMS2) or promoter hypermethylation of the
AMLH]1 gene causes MMR deficiency (MMR-D) [42]. MMR-D
causes numerous frameshift mutations that result in increased
neoantigen production [43]. Increased neoantigen production
causes vigorous immune reactions in MSI-H CRCs, such as in-
creased TIL infiltration, peritumoral lymphocytic infiltration,
and Crohn’s-like lymphoid reactions. How MSI-H CRCs pet-
sist in a hostile immune microenvironment is of great interest.
Llosa et al. [44] showed that although MSI-H CRCs showed
high infiltration by CD8" cytotoxic T lymphocytes and Thl
cells, these tumors showed upregulated expression of immune
checkpoint molecules, including PD-1, PD-L1, CTLA-4, LAG-
3, and indoleamine 2,3-dioxygenase. This finding suggested
that MSI-H CRC may be a good candidate for ICI treatment.
MSI-H/MMR-D CRCs are more responsive to PD-1 blockade
than MSS/MMR -proficient CRCs [7]. Because MSU/MMR status
showed predictive value in other extracolonic cancers, MS/MMR
status became a tissue-agnostic predictive biomarker for ICI treat-
ment [45]. The reported response rate is 28%—52%, and the
disease control rate is 51%-82% for ICI in MSI-H/MMR-D
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CRGs [7,8,46]. Currently, the anti-PD-1 inhibitor pembroli-
zumab can be used as third-line therapy for MSI-H/MMR-D
CRGC:s by off-label use after agreement by a multi-disciplinary
team in designated institutions in Korea.

Tumor mutational burden

Tumor mutational burden (TMB) is a measure of the total
amount of somatic coding mutations in a tumor, and it is con-
sidered an emerging biomarker for ICI treatment [47]. Initially,
the concept of TMB was derived from whole exome sequencing
(WES); however, many studies revealed that TMB calculated
from targeted next generation sequencing panels showed clini-
cally compatible results with WES [48]. TMB values should be
interpreted cautiously because the calculation formula for TMB
varies among different panels, and the cut-off for TMB-high
(TMB-H) status differs among clinical trials and tumor types
[49].

TCGA consortium reported that 15.9% of 549 CRCs showed
hypermutation (> 10/Mb) using WES [50]. However, Parikh et
al. [51] reported that TMB-H was observed in 4.9% of 12,569
CRGs using a cut-off of 220/Mb analyzed by the Foundation-
One panel. Although MSI is a proven predictive marker for ICI
treatment, patients can be stratified further by TMB status.
Schrock et al. [46] recently reported that patients showing ob-
jective response had higher TMB (median, 54/Mb; range, 31 to
91/Mb) than non-responders (median, 29/Mb; range, 13 to 37/
Mb) in 22 patients with metastatic MSI-H CRC treated with
anti—PD-1 or anti—PD-L1 treatment [46]. Lee et al. [52] reported
that TMB was a prognostic marker of better RES in stage III or
high-risk stage IT CRCs treated with oxaliplatin-based adjuvant
chemotherapy, independent of MSI status.

Three-quarters of TMB-H CRCs are MSI-H, and the remain-
ing one-quarter are MSS with somatic mutations in proofread-
ing genes, mainly polymerase € (POLE) and polymerase & (POLD)
[53]. In mutation analysis, MSI-H tumors show an insertion-
deletion (indel)-predominant pattern, while POLE mutants
show a single nucleotide variation—predominant pattern [54,55].
Domingo et al. [56] analyzed the frequency of somatic POLE
mutations in 6,517 CRCs, and POLE mutations were detected
in 1% of CRCs. CRCs with POLE mutations are associated
with younger age at diagnosis, male sex, and proximal location
[55,56]. Both POLE mutation and MSI-H/MMR-D status were
associated with reduced risk of recurrence in a retrospective
study [56].

There are limited data about the predictive value of POLE
mutations in ICI treatment. In Wang et al.’s study [57], three
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patients harboring pathogenic POLE mutations received ICI
treatment, and only one patient showed complete remission.
Silberman et al. [58] reported a case of complete and sustained
response to anti—-PD-1 treatment in a patient with metastatic
CRC:s harboring a pathogenic p.Val411Leu POLE mutation.

Consensus molecular subtype

Several investigators have suggested gene expression-based
CRC dlassifications [59-61]. Due to the similarity among dif-
ferent classifications, the international CRC Subtyping Consor-
tium proposed a unified transcriptomic classification, which
was named the “consensus molecular subtype” (CMS) classifica-
tion [23]. CMS1 (14%, MSI immune subtype) is characterized
by MSI-H and CIMP-H statuses in addition to hypermutation
and BRAF mutation. CMS1 also shows high immune infiltra-
tion and activation. CMS2 (37%, canonical subtype) is charac-
terized by somatic copy number alterations and WNT and
MYC activation. CMS3 (13%, metabolic subtype) shows meta-
bolic deregulation and is associated with KRAS mutations.
CMS4 (23%, mesenchymal subtype) is characterized by stromal
infiltration, transforming growth factor § (TGE-B) activation,
and angiogenesis. In the original CMS paper, CMS1 was associ-
ated with worse survival after relapse, while CMS4 was associ-
ated with worse RFS and overall survival.

By applying deconvolution algorithms to bulk transcriptome
data, Becht et al. [24] and Karpinski et al. [62] evaluated the
cellular composition of each CMS subtype in CRCs. In Becht et
al.’s study [24] using an MCP-counter, CMS1 and CMS4
showed high expression of lymphoid and myeloid cell-specific
genes. However, CMS1 exhibited high infiltration by CD8*
cytotoxic T cells and NK cells, whereas CM$4 showed high ex-
pression of fibroblastic and endothelial cells [24]. Karpinski et
al. [62] measured the proportion of 22 immune cell subtypes in
1,597 CRCs using CIBERSORT. CMS1 showed enrichment of
leukocytes related to adaptive immunity (follicular helper T
cells, memory activated helper T cells, and cytotoxic T cells)
and innate immunity (activated NK cells, y0 T cells, M1 mac-
rophages, activated dendritic cells, activated mast cells, and neu-
trophils). In addition, CMS1 showed depletion of Treg cells. CMS2
showed enrichment of helper T cells and memory B cells. CMS3
showed low levels of immune activation that manifested as
high levels of resting memory helper T cells, naive B cells, and
low levels of macrophages, neutrophils, and activated helper T
cells. Last, CMS4 was characterized by the highest proportions
of leukocytes related to protumor activity (eosinophils, mono-
cytes, M2 macrophages, resting dendritic cells, and regulatory
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T cells).

Soldevilla et al. [63] evaluated the distribution of six im-
mune subtypes proposed by Thorsson et al. [64] among each
CMS subtype in TCGA samples. In a total of 625 samples, the
C1 wonnd healing subtype (77%) was the most predominant,
followed by the C2 INF-y dominant subtype (17%). The C1
wonnd healing subtype was predominant in the CMS2 subtype
(92%) but less common in the CMS1 subtype (46%). In con-
trast, the C2 IFN-y dominant subtype was the most common
immune subtype in CMS1 (53%) and was underrepresented in
CMS2 (8%). CMS3 showed a higher frequency of the C3 in-
flammatory subtype (7%) and the C4 lymphocyte-depleted subtype
(4%) than the other CMSs. The C6 TGF-f§ dominant subtype
was exclusively observed in CMS4.

Marisa et al. [34] evaluated whether the prognostic value of
immune gene expression varies according to CMS. The expres-
sion of genes associated with Thl cells, cytotoxic T cells, and
cytotoxicity was predictive of better prognosis in MSS tumors
from CMS2 and CMS3. In contrast, they had no prognostic rel-
evance in CMS1 and CM$4. A brief summary of genomic and
immunologic characteristics of each CMS subtype is shown in
Table 1.

PD-L1 expression

Several studies evaluated the clinicopathologic characteristics
of PD-L1 expression in CRCs. The frequency of PD-L1 overex-
pression in tumor cells is approximately 5% to 12% in all CRCs
(1 to 4% in MSS CRCs and 18% to 45% in MSI-H CRCs)
[65-69]. PD-L1 overexpression is associated with female sex,
right-sided colon occurrence, poor differentiation, solid or med-
ullary histology, increased number of TILs, and BRAF V600E
mutation. Although a recent meta-analysis showed that PD-L1
overexpression in tumor cells was significantly associated with
poor overall survival and decreased DFS, the prognostic value of
PD-L1 overexpression differed according to MSI stacus [70].
Lee et al. [66] showed that the association of decreased recur-
rence-free survival with PD-L1 overexpression was only ob-
served in MSI-H CRCs. In Marisa et al.’s transcriptome analysis
[34], there was a strong association of immune checkpoint ex-
pression with infiltration of specific lymphoid (NK cells, T cells,
and cytotoxic cells) and myeloid cells, whereas B cells, fibro-
blasts, vessels, and granulocytes showed little or no association
with immune checkpoint expression. Patients with MSI-H CRC
with high immune checkpoint expression, including high ex-
pression of PD-L1, showed significantly poorer overall survival
compared to patients with MSI-H CRC and low immune
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Table 1. Genomic and immunologic characteristics of consensus molecular subtype

CMS1 CMS2 CMS3 CMs4
MSI immune (14%) canonical (37%) metabolic (13%) mesenchymal (23%)
Genomic feature MSI MSS MSS MSS
CIMP-positive CIMP-negative CIMP-low CIMP-negative

Hypermutation SCNA-high SCNA-intermediate SCNA-high
SCNA-low
Expression signature Immune infiltration and WNT and MYC activation Metabolic deregulation Stromal infiltration,
activation TGF-B activation, angiogenesis
Immune-subtype Immune activated Immune desert Immune excluded Immune inflamed
Immune cell infiltration CD8* TIL 1 MDSC?
Macrophages 1 Treg 1
NK cells 1 Th17 1
Immune gene expression T cell chemotaxis and MHC1 (HLA, B2M) | Angiogenesis (VEGF) 1
activation (CXCL9, Immunosuppression (TGF-p) 1

CXCL10, CXCL16, IFN-y) 1
T cell-specific inhibition
(PD-1, PD-L1, CTLA-4,
LAG-3) 1
MHC1 (HLA, B2M) 1
Immune subtype by C2 INF-y dominant 11
Thorsson et al. [63,64]

TIME cluster by Yoo et al. [22] Cluster 1, TIL 11

C1 wound healing 11

Cluster 2, TSR ||

Complement 1

C3 inflammatory 1
C4 lymphocyte depleted 1
Cluster 3, CD8/CD3 11

C6 TGF-p dominant 1

Cluster 4, TSR 11

CMS, consensus molecular subtype; MSI, microsatellite instability; MSS, microsatellite stable; CIMP, CpG island methylator phenotype; SCNA, somatic copy
number alteration; TIL, tumor-infiltrating lymphocytes; NK, natural killer; MDSC, myeloid-derived suppressor cell; Treg, regulatory T cell; IFN, interferon; PD-1,
programmed death-1; PD-L1, programmed death-ligand 1; CTLA-4, cytotoxic T-lymphocyte antigen 4; LAG-3, lymphocyte-activation gene 3; TGF-p, trans-

forming growth factor-B; TSR, tumor-stroma ratio.

TMB-H (5-16%)

POLE/POLD mutation (1%)

Sex: male predominant
Age of onset: younger
Location: proximal colon
Response to ICI: not known

MSI-H (8-12%)

Sex: female predominant

Age of onset: younger (Lynch-associated), older (sporadic)
Location: proximal colon

Response to ICI: good

PD-L1 expression (5-12%)

Sex: female predominant

Age of onset: older

Location: proximal colon
Response to ICI: no association

Fig. 3. Correlation of tumor mutational burden, microsatellite instability, POLE/POLD mutation, and programmed death-ligand 1 (PD-L1) ex-
pression in colorectal cancers. TMB-H, tumor mutational burden-high; MSI-H, microsatellite instability-high; ICI, immune checkpoint inhibitor.

checkpoint expression. However, immune checkpoint expression
status did not influence the clinical outcome of patients with
MSS CRC.

In addition, the frequency of PD-L1 expression in MSI-H
CRCs differs by the etiology of MSI. In our previous study, MSI
CRCs with MLHI methylation showed a higher frequency of
PD-L1 expression (28.3%) than MSI CRCs without MLH1
methylation (6.1%) [67]. Yamada et al. [71] reported similar

https://doi.org/10.4132/jptm.2020.05.15

results, which showed increased PD-L1 expression in sporadic
MSI-H CRC:s (25.0%) compared to Lynch syndrome-associated
CRCs (3.6%). The underlying mechanism of PD-L1 overex-
pression in sporadic MSI CRC:s should be further investigated.
Although PD-L1 expression is considered a predictive mark-
er for ICI treatment in several types of cancer, such as melanoma
and non-small-cell lung cancer, currently available data have
demonstrated that PD-L1 expression has no predictive value in

http://jpatholtm.org/
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CRC with ICI treatment [7,8]. The discrepancy between PD-
L1 expression and response to ICI treacment might be related
to spatiotemporal variations in PD-L1 expression, the cut-off
for PD-L1 positivity, or interobserver variations in interpreta-
tions. The correlations of each biomarker described above are
summarized in Fig. 3.

CONCLUSION

Evaluation of the TIME in CRCs has advanced from semi-
quantitative visual inspection to quantitative and high-dimen-
sional approaches. Numerous clinical trials are ongoing to de-
velop next-generation immune checkpoint drugs that target
checkpoint modulators beyond PD-1/PD-L1, such as TIM-3,
LAG-3,and T cell immunoreceptor with Ig and ITIM domains
[72]. Combination immunotherapies, which combine cytotoxic
chemotherapeutic agents or vascular endothelial growth factor
inhibitors with ICIs, are also being investigated. The importance
of comprehensive understanding of the TIME is constantly in-
creasing in the era of immunotherapy. Moreover, numerous ef-
forts are required to develop more precise biomarkers to classify
responders to immunotherapy in CRC.
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