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Abstract
Cancer is a disease characterized by the uncontrolled cellular growth, invasion and metastasis.
Immune cells in the tumor microenvironment have an important role in regulating tumor
progression. Stimulating immune reactions to tumors are attractive therapeutic and prevention
strategies. Cancer cells and host non-transformed cells constantly interact with each other in the
tumor microenvironment. Thus, cancer immunology is an interdisciplinary area where integrated
analysis of both host and tumor factors is essential. However, most previous studies on anti-tumor
immunity and clinical outcome lack analysis of tumor molecular biomarkers. Because cancer
represents a heterogeneous group of diseases with different sets of genetic and epigenetic
alterations, molecular classification of cancer (e.g., lung, pancreas, prostate, and breast cancers)
has become an important component in clinical decision-making. In this Review, we discuss
colorectal cancer as a prototypical example of cancer. Common molecular classifiers of colon
cancer include KRAS, BRAF and PIK3CA oncogene mutations, microsatellite instability (MSI),
LINE-1 methylation, and CpG island methylator phenotype (CIMP); each feature constitutes a
potential prognostic or predictive biomarker. Since tumor molecular features and immune
reactions are interrelated, a comprehensive assessment of these factors is critical. In fact, MSI and
CIMP may causally link to anti-tumor immune response. Examining effects of tumor-host
interactions on clinical outcome and prognosis represent an evolving interdisciplinary field of
molecular pathological epidemiology (MPE). Immunity evaluation in pathology practice may
provide information on prognosis and help identify patients who are more likely to benefit from
immunotherapy.

Introduction
The goals of treating patients with cancer are to cure the disease, prolong survival, and
improve quality of life. However, although only a proportion of patients may benefit from
therapies, all patients are exposed to the potential toxic effects. The purpose of personalized
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medicine is to identify the optimal treatment for each individual patient to maximize
treatment benefit and minimize adverse effects. To achieve this goal, informative
biomarkers need to be identified to stratify patients for specific therapies. As tumors are
heterogeneous and show distinctive genetic and epigenetic profiles, there may not be a
single biomarker that will prove sufficient information for predicting treatment response and
patient outcome. Examples of informative tumor biomarkers are molecular features of
neoplastic cells, including EGFR mutations in lung cancer;1,2 microsatellite instability
(MSI) in colorectal cancer;3–5 ESR1 (ER-α), PGR and ERBB2 (HER2) expression in breast
cancer;6,7 TMPRSS2–ERG translocation in prostate cancer;8 and CpG island methylation,
and KRAS, BRAF, PIK3CA and TP53 mutations in multiple cancer types.9–11

In addition to tumor markers, host factors that include the immune response to the tumor
might determine tumor behavior or serve as informative biomarkers.12–17 The host immune
response might be amenable to therapeutic manipulation. Therapeutic targeting of a
molecular aberration in neoplastic cells frequently leads to the emergence of cancer cells
that are resistant to treatment, often by acquiring a new mutation in the targeted
molecule.18–20 Immunotherapy and other therapeutic strategies that modulate host factors
have an advantage in that they are less susceptible to mutation, and might prove
complementary to treatments that directly target molecules in neoplastic cells. We discuss
the validation of immune-response biomarkers in order to integrate host-directed and tumor-
directed therapies as components of personalized cancer medicine (Box 1), and provide
suggestions for future directions based on the current understanding of where the pitfalls lie.

Key challenges in cancer immunology
An outstanding challenge is that, despite evidence for the importance of the immune
reaction to tumor in dictating tumor behavior,21–52 it is not possible to recommend any
specific clinical test even in colorectal cancer, which is the most-studied cancer type
(Supplementary Table 1). There is considerable heterogeneity and complexity between the
studies,21–52 in terms of sample size (range 41–1,406 patients; most studies were
underpowered, which raises concerns of publication bias); study setting (1–3 academic
hospitals versus population-based cohorts); disease stage; the presence versus absence of
treatment data; and treatment modality (no therapy to chemotherapy, radiation therapy, or
both). Other study parameters include laboratory methods to assess immune response (tissue
microarray [TMA] versus whole tissue; image analysis versus pathologist interpretation);
immunophenotyping markers (such as CD3, CD8 and FCGR3 [CD16]); covariates and
potential confounders assessed (in particular the presence versus absence of tumor molecular
characteristics); and statistical method and multivariate analysis models.21–52 To standardize
research methods and appropriately evaluate evidence, we need to develop general and
specific consensus on immune-cell evaluation in oncology research.21–33,36–44,46–48,50

A related challenge is that most immunology researchers are not familiar with tumor
molecular pathology, while most tumor molecular pathologists are not familiar with
immunology. This is exemplified by the fact that many studies on immune reaction and
clinical outcome (Supplementary Table 1 online) have not considered tumor molecular
features.21–52 Tumor immunology is an interdisciplinary area that requires integrated
analysis of both host and tumor factors.

To translate standardized evaluations of the immune response into clinical testing, we need
well-conducted studies with large sample sizes, detailed clinical annotations, careful and
long-term follow up, and comprehensive data about the molecular biology of the tumor and
the immune response (Box 1). In this Review article, we focus on discussing the following
points: first, how integrated pathologic and tumor molecular analyses can shed new light on
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the interplay of the tumor and host; second, how this information might be incorporated into
future clinical practice; and third, how we can overcome the outstanding issues and hurdles.
We discuss colorectal cancer as a prototypical example of cancer, because there has been
accumulating evidence for the role of host immunity in colorectal cancer, as well as a causal
link between tumor molecular changes in colorectal cancer and host immune response.53–57

Nonetheless, a number of points are applicable to other cancer types, and our discussion is
designed to improve and facilitate current research efforts in translational cancer
immunology in general.

Host immunity and cancer
During carcinogenesis, tumor cells interact with a complex microenvironment that is
composed of extracellular matrix and non-neoplastic host cells, including mesenchymal
cells, vascular endothelial cells and inflammatory or immune cells.13 Inflammatory cells and
immune cells are present to varying degrees (from absent to intense) in the tumor
microenvironment, which can be observed routinely in pathology practice (Figure 1). The
tumor microenvironment provides cancer cells with nutrients, oxygen, growth factors,
cytokines, and other chemical mediators that support tumor proliferation, survival, invasion,
and metastasis.13 Persistent inflammatory reactions may be an important contributor to
tumor progression, as evidence suggests that regular use of the anti-inflammatory drug
aspirin decreases the risk of colorectal cancer by inhibiting a neoplastic pathway that
depends on inflammatory reactions.58 On the other hand, immune responses to neoplastic
cells may inhibit disease progression, as indicated by prolonged survival of patients with
cancer who exhibit a strong immune response to their tumor.12,14–16,59 These findings
underscore that host antitumor reactions can be a double-edged sword in terms of their
consequences on tumor development.

Tumor–host interactions are mediated indirectly through extracellular matrix molecules and
soluble bioactive molecules released from host or neoplastic cells, and directly mediated
through cell-surface molecules on host and neoplastic cells.13 As such, tumor–host
interactions are likely influenced by the genome and epigenome of both the neoplastic and
non-neoplastic cells. The relationship between the immune response of the host and the
molecular characteristics of cancer cells might prove decisive in disease outcome.

Molecular classification of cancer
Cancer is not a single disease entity, but rather a heterogenous group of diseases with
different sets of genetic and epigenetic alterations.4 Classifying cancer based on the organ or
tissue system where it occurs (for example, ‘colon cancer’) was a considerable advance from
treating all cancers as a single disease entity termed ‘cancer’. Although all cancers share
similar features (such as uncontrolled cellular growth, invasion and metastasis), we routinely
classify cancers by organ type, because such classification can help us to better predict
cancer behavior. However, we cannot achieve personalized cancer medicine unless we go
beyond an organ-based classification and also use a molecular classification.

Every person has a unique set of genomic and epigenomic variants and any given tumor
arises as a result of interactions between these unique host and transformed cells. The
carcinogenic process that gives rise to an individual tumor is unique; and each tumor
pathway is unlikely to be exactly recapitulated by any other tumor.4,62,63 Literature
data10,60,61 support the uniqueness concept of carcinogenesis process of an individual
tumor.4,62,63 Despite each tumor undergoing its own unique neoplastic transformation, we
classify tumors based on salient clinical and pathologic features as well as on molecular
fingerprints, because of the premise that tumors with similar characteristics share common
pathogenic mechanisms and progression patterns.4,62,63 Using a molecular classification, we
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can better understand tumor pathogenesis, predict the occurrence and behavior of each
tumor, and optimize prevention and treatment strategies for personalized cancer
medicine.4,62,63

Investigations into the interactions between host factors and molecular changes in
tumors17,64,65 have been incorporated into an emerging interdisciplinary field of science that
we have termed ‘molecular pathological epidemiology (MPE)’.62,63 A major objective of
MPE research is to elucidate how host factors—including immunity, metabolism, diet,
lifestyle and environmental exposures—interact with tumor characteristics and influence
tumor cell behavior. Molecular classification has a key role in MPE by defining specific
tumor characteristics that may then be related to particular host and environmental factors;
the combination of these parameters may provide insights into pathogenesis and improve
personalized risk assessment.62,63

Colorectal cancer represents a prototypical example that shows the inter-relationship
between molecular features and antitumor immune reaction. MSI is often used to classify
colorectal cancer,3–5,66,67 and is an accepted prognostic biomarker.5,68 A high degree of
MSI (MSI-high) is present in 15% of colorectal cancers and represents a specific type of
genomic instability characterized by frequent microsatellite length mutations. Most MSI-
high cancers are caused by epigenetic silencing of a mismatch repair gene MLH1; this
silencing typically occurs in tumors of the CpG island methylator phenotype (CIMP-
high).69,70 CIMP-high represents a specific type of epigenomic instability that is
characterized by widespread promoter CpG island methylation and epigenetic gene
silencing. Clinical, pathological and molecular features of MSI-high cancers overlap with
those of CIMP-high cancers.69,71 Nonetheless, independent of MSI, in colorectal cancer,
CIMP-high has been associated with old age, female sex, proximal tumor location, poor
tumor differentiation, BRAF mutation, wild-type TP53, inactive CTNNB1 (β-catenin), high-
level global DNA methylation (measured in LINE-1), and stable chromosomes.69–78 CIMP-
high might be a prognostic marker independent of the presence of MSI and BRAF
mutation.79 Both MSI-high and CIMP-high have been associated with lymphocytic
reactions45,49 and shown to be potential prognostic markers for the course of the disease.
Therefore, examining MSI, CIMP and other related molecular changes is essential to
understand how host factors and tumor factors interact and influence immune response to
the tumor.

Molecular features and immune response
Molecular features of cancer can influence the immune reaction of the host to the
tumor.45,49 Studies have shown that a lymphoid reaction is frequently associated with MSI-
high in colorectal cancer.28,29,80–83 Truncated peptides produced by frameshift mutations
may elicit host immune response in this setting.53–57 MSI-high tumor cells have frameshift
mutations in coding sequences throughout the genome, which might include gene products
that regulate in immunity. For example, MSI-high tumors frequently harbor mutations in
TGFBR2, a major regulator of innate and adaptive immunity.84 An intact TGFB1 (TGF-β)
pathway may suppress tumor progression through attenuating persistent inflammation in the
tumor microenvironment.85–89 Moreover, CIMP-high has been associated with a lymphoid
reaction in colorectal cancer, independent of MSI status,49,82 although the underlying
mechanisms remain to be elucidated. In addition, expression of STAT3, a key transcription
factor for tumor-promoting inflammation, has been associated with lymphocytic reactions
independent of MSI and CIMP status.90 STAT3 suppresses MICA (MHC class I
polypeptide-related sequence A) expression, leading to evasion from immune surveillance
by KLRK1 (NKG2D)+ natural killer (NK) cells.91 Findings of a recent study indicate that
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NR5A2 (nuclear receptor LRH-1) expression leads to glucocorticoid synthesis by tumor
cells, which, in turn, regulates T cells in the tumor microenvironment.92

A number of studies have shown that an increased intensity of a lymphocytic reaction to the
tumor is associated with a longer survival of patients with colorectal cancer.22–44 However,
only a few investigations have examined the prognostic importance of host immune
reactions independent of the tumor molecular features beyond MSI.45,49,52 It is essential to
comprehensively control for tumor molecular variables (Figure 2) to avoid biased survival-
effect estimates. In colon or colorectal cancer, studies have reported that chromosomal
instability (CIN),93,94 BRAF mutation,79,95–105 PIK3CA mutation,106–108 and global DNA
(LINE-1) hypomethylation109–111 are generally associated with worse outcome, while MSI-
high is associated with better outcome,68,79,112–117 and CIMP is variably associated with
outcome.79,95–98 The lymphocytic reaction to tumors is linked with many of these molecular
variables,45,49,80–82,118,119 indicating the relevance of the host immune response in specific
pathways of carcinogenesis. Nonetheless, the inter-relationships between tumor molecular
variables and host immune response complicate the survival analysis (Figure 2). An
apparent prognostic effect of the immune response might simply reflect the molecular
variables, or the presence of host immune response could merely indicate an indolent tumor
subtype. As such, to define the independent prognostic effect of a lymphocytic reaction, a
large database of colorectal cancers with extensive molecular characterization is
needed.45,49 However, to date, very few studies45,49,51,52 have used such comprehensive
databases. These studies have shown that the prognostic effect of an immune reaction to a
tumor is independent of MSI45,49,52 and CIMP status,45,49 and the prognostic effect of
immune reaction is stronger in an unadjusted analysis than in multivariate analysis including
disease stages and these molecular variables.45,49,52 This latter fact emphasizes the
importance of a comprehensive tumor molecular database to assess the effect of immune
response on patient outcome independent of tumor molecular features.

Sensitive and robust methods of detecting molecular alterations are needed to avoid
correlative errors in cancer tissue analysis owing to the complex inter-relationships between
molecular features and the immune reaction to tumors. The correlative errors in this setting
refer to bias caused by the correlation (between the tumor and immune cell variables) that
affects an error rate (for example a false-negative rate) of detecting the molecular change.
Varying levels of immune cells and inflammatory cells (absent to intense) are present in the
tumor stroma (Figure 1) or on transformed cancer cells (that is, tumor-infiltrating
lymphocytes; Figure 1). Other non-neoplastic cells (including fibroblasts, endothelial cells,
and vascular smooth muscle cells) are present in ‘tumor areas’ that are dissected for clinical
molecular assays. The inevitable presence of the non-neoplastic cells including immune
cells in ‘tumor areas’ means that DNA (or RNA) from the tumor areas is not ‘pure’ DNA (or
RNA) from neoplastic cells. Thus, the degree of immune-cell infiltration may correlate with
tumor molecular changes or may mask a true correlation, simply because contaminating
non-neoplastic cells can influence the results in a tumor molecular assay. For sensitive
mutation detection, a number of studies have shown that Pyrosequencing® can detect
approximately 5% of mutant alleles, and that this method is more sensitive than Sanger
sequencing.120–123 For quantitative DNA methylation assays, a careful assessment of a
potential influence of contaminating normal cells is necessary.124

Pathological assessment of immune response
The pathological examination of immune-cell infiltrates in a tumor tissue section provides a
powerful approach to assess host antitumor reactivity. Other methods such as measurements
of plasma biomarkers and immune cells in peripheral blood125 may serve as surrogates of
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the host immune response. However, plasma biomarkers may reflect systemic immunity
rather than the local immune reaction in the tumor microenvironment.

The immunohistochemical and pathological evaluation of immune cells in cancer tissue has
been a challenge, and no standardized method exists. There exist not only general challenges
in pathological evaluations of tumor tissue markers, but also challenges specific for immune
cell evaluations. General challenges in pathological evaluations of tumor tissue markers
include pre-analytical variables, such as tissue fixation and processing, and may have
considerable impact on the antigenicity of proteins in the tissue. Immunoreactivity of tissue
antigens may be substantially influenced by subtle differences in the conditions of the
immunohistochemical procedures. Analytical variables, such as the affinity and specificity
of the antibody and the evaluation of antibody staining by manual or computer-assisted
methods, can be substantial. Inter-observer variability among pathologists is a continuing
issue in any pathology testing, and an even harder challenge in immune cell evaluation
because of its complexity. For routine clinical use, robust methods need to be developed for
the reliable detection or quantification of any tissue biomarker. In the context of the
evaluation of immune cells as biomarkers, multiple parameters need to be considered in both
clinical and research settings. Here we discuss each item of consideration while focusing on
issues specific for assessment of immune response to tumor.

Whole-tissue sections versus TMA
TMA has become a common strategy in immunohistochemical research and enables high-
throughput analysis of a large number of cases with a well-controlled immunohistochemical
procedure.126–129 However, TMA has inherent weaknesses in the evaluation of immune
cells. Lymphoid reactions that occur at a distance from the tumor mass (Figure 1c) can
easily be assessed in whole-tissue sections, but not by TMA. Moreover, TMA is not used in
clinical settings. Thus, for future clinical implementation and personalized patient
management, immune-cell evaluation must be validated as an assay on whole-tissue
sections.

Random tissue coring versus systematic coring
Given the importance of interactions between immune cells and neoplastic cells, a detailed
examination of immune cells in different compartments of the tumor mass is desirable.33

Therefore, it is appropriate to conduct TMA using samples systematically collected from the
tumor center and the invasive front.33

H&E staining versus immunohistochemistry
Hematoxylin & eosin (H&E) staining is a routine pathology practice for virtually all
cancers. The evaluation of immune cells in H&E sections can be done at a low cost
compared to adding immunohistochemical evaluation to the assessment. However, an
evaluation of a specific subset of immune cells is not possible in H&E stained sections, and
requires antibody labeling by immunohistochemistry.

Which immunohistochemical marker is best?
It remains an open question which immunohistochemical marker (for example, CD3, CD4,
CD8, FCGR3 [CD16], PTPRC [CD45RO], FOXP3, GZMB, TIA1, CD68, or IL2RA
[CD25]) should be used and which type of immune cell should be examined. Accumulating
evidence suggests that CD3+,23,33,36,37,52,57 CD8+,22–24,27–30,32,33,39–42,48,50 TIA1+,51

PTPRC (CD45RO)+,24,33,39,40,44,45,48 and FOXP3+,38–40,42–44,83,130–133 cells have roles in
antitumor immune responses. Data are not conclusive as to which markers are the best ones,
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or how we can use any markers or combinations thereof as a clinical test in a standardized
manner. Examples of studies on colorectal cancer are shown in Supplementary Table 1
online. In future research, it is necessary to provide a comprehensive assessment of these
immune cell subsets.

Pathologist versus software
Evaluation by a pathologist needs to be validated by a second independent pathologist, and
determination of the concordance rates needs to be undertaken. The use of computer-assisted
image analysis may provide important advantages for assessing immune cell infiltrates.
Compared to interpretation by a pathologist, computer-assisted image analysis provides
more objective and quantitative measurements, particularly in studies using TMA.134

Nonetheless, the use of computer software may not automatically translate into a lack of
observer bias. Indeed, upon evaluation of whole-tissue sections, an investigator often needs
to choose specific fields to perform detailed image analysis. In this setting, the selection of
tissue areas for study may depend on subjective interpretation. It will be necessary to
perform validation studies to determine the agreement between pathologists in the selection
of tissue areas for analysis.

Immune response—regional lymph nodes
Examination of regional lymph nodes is important for the accurate staging of many cancer
types. When examining the prognostic effect of the host immune response, another
important factor is the recovered node count, which itself confers prognostic
information,135,136 and is related to specific lymphoid reaction patterns.137,138 Antitumor
immune response may lead to proliferation of lymphocytes and the enlargement of lymph
nodes, resulting in an increased number of detectable lymph nodes in a resection specimen.
Thus, the immune response and the node count are inter-related, and the immune-cell
infiltrate may be a confounder in a survival analysis based on the lymph-node count. On the
other hand, the node count might reflect the mechanism by which an immune response may
result in a favorable prognosis (Figure 2). Because the node count may be influenced by
other factors related to the patient, surgery, specimen, and the tumor, the node count might
represent a potential confounder in the survival analysis of host immune responses.

One study examined the prognostic effect of lymphoid infiltrate, independent of the node
count and tumor molecular features including MSI, CIMP, LINE-1 hypomethylation and
BRAF mutation.49 The beneficial effect of lymphoid infiltrate on patient survival was
independent of the node count and tumor molecular variables.49 However, more large-scale
studies are needed in this area, and future studies should obtain comprehensive data on the
host immune response as well as on the node count and tumor molecular features.

Prognostic and predictive biomarkers
The importance of the characterization of prognostic and predictive biomarkers is
increasingly recognized in oncology research and practice; for optimal results investigators
should follow the REMARK guidelines published in 2005.139 In particular, the importance
of large-scale studies cannot be overemphasized. Notably, the number of events, but not the
total sample size, is the determinant of statistical power in survival analysis. Thus, any
prognostic study must describe the number of events, but unfortunately most published
prognostic studies do not (Supplementary Table 1 online).

Another important point is that adequate statistical power in a predictive marker study
requires an even larger sample size than a prognostic marker study. This is because the
predictive marker studies, by definition, require subset analyses on treatment intervention
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according to tumor molecular or host immunity subtyping.63 In addition to considerations on
study sample size, investigators should examine important variables such as patient age, sex,
tumor location, disease stage and tumor molecular variables to control for potential
confounding. Another relevant but frequently overlooked variable is the year of cancer
diagnosis. The year of diagnosis (that is age of cancer tissue blocks) is related to both the
antigenicity of tissue samples (and hence immune cell measurement) and to clinical outcome
(because of generally better treatment in later years), and thus can be a potential confounder,
particularly when study enrollment spans many years.

Therapeutic implications
Targeting host immunity is an attractive strategy for cancer therapy and prevention,14,15

because therapy resistance is less likely to develop when host cells are targeted instead of
altered molecules within tumor cells. The latter approach frequently results in resistance to
the initial targeted therapy owing to, for example, an acquired mutation in a domain of the
therapeutic target that interacts with the drug. Host immunity can be targeted by the use of
activated autologous peripheral-blood mononuclear cells (sipuleucel-T),140,141 or of specific
immunoregulatory molecules, such as recombinant vaccinia vector (targeting KLK3
[prostate-specific antigen, PSA]),142 PMEL (gp100) peptide vaccine,143 and monoclonal
antibodies that block CTLA4144 or interact with PDCD1 (PD-1).145,146 Considering the
accumulating data on immune reactions associated with favorable outcomes in cancer,
specific subsets of immune cells are considered to be indicators of host immune response to
tumor cells, and may serve as potential targets for immunotherapy.12,56,132 Studies have
reported a detrimental effect of adjuvant chemotherapy in patients with MSI-high colon
cancer,147,148 although data have been conflicting.149 Cytotoxic chemotherapy might
attenuate the host immune response and lead to worse clinical outcomes in patients with
MSI-high cancer. On the other hand, some cytotoxic therapies potentiate antitumor
responses in model systems.15 Further studies are needed to elucidate the mechanism of host
immune responses and the impact of chemotherapy in the clinical setting.

Conclusions
Each tumor (even within a single organ system) arises through an accumulation of genetic
and epigenetic changes in its own unique neoplastic pathway. During the tumorigenic
process, neoplastic cells constantly interact with host cells, the extracellular matrix, and
bioactive molecules, which constitute the tumor microenvironment. Tumor molecular
features influence the tumor microenvironment in a number of ways, including the
expression of potential tumor antigens, while the tumor microenvironment can influence the
molecular changes, progression and behavior of tumor cells. Research on host–tumor
interactions in the tumor microenvironment has been encompassed in the new
interdisciplinary field of MPE, where investigators examine environmental, host lifestyle
and genetic factors in relation to tumor molecular features, to elucidate carcinogenic
mechanisms.62,63

Host immune cells have essential roles in regulating tumor growth in the tumor
microenvironment, and thus provide a great opportunity for therapeutic and preventive
interventions. Evaluating immune cell interactions in clinical settings will provide
prognostic information as well as predictive information especially for patients treated with
immunotherapy. However, there has been enormous heterogeneity between clinical studies,
which preclude the establishment of specific recommendations on clinical testing and patient
management. To adequately assess research evidence, general and specific consensus on
immune cell evaluation must be developed, and methods should be standardized in oncology
research. There are a number of hurdles before successful validation and implementation of
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antitumor immunity evaluation in clinical settings. To achieve this ultimate goal for
personalized medicine, we have summarized necessary themes, steps and strategies (Box 1).
By resolving the outstanding issues, we can implement immune cell evaluation to guide
clinical decision making, and take a step closer to our ultimate goal of personalized cancer
medicine.

Review criteria
A comprehensive search of relevant articles in PubMed was performed on 10 April 2011,
using the MeSH terms “immunity”, “immune response”, “immune cell”, “lymphocyte”, “T-
cell”, “B-cell”, “natural killer cell”, “macrophage”, “histiocyte”, “neutrophil”, “mast cell”,
“eosinophil”, “cancer”, “neoplasia”, “tumor”, “microenvironment”, “immunotherapy”,
“biomarker”, “molecular”, “pathology”, “prognostic”, “prognosis”, “predictive”,
“mortality”, and “clinical outcome” in various combinations. The reference lists of retrieved
articles were assessed for additional articles. A final decision to include or exclude a given
study was based on quality, relevance and uniqueness of the article.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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CIMP CpG island methylator phenotype

H&E hematoxylin and eosin
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MPE molecular pathological epidemiology

MSI microsatellite instability

TIL tumor infiltrating lymphocytes

TMA tissue microarray
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Box 1

Roadmap of implementing immune-response evaluation as a biomarker

Themes to launch integrated research

• Determine the clinical significance of the immune response to tumor

• Determine clinically feasible ways of assessing the immune response to tumor

• Develop methods to stimulate the antitumor immune response as a strategy of
therapy

Aims

• Develop and validate methods to assess immune response and related
biomarkers in research as well as clinical settings

• Design well-powered observational studies to assess the prognostic role of
immune response, controlling for various clinical, pathological and molecular
parameters

• Design clinical trials to assess the efficacy of immunotherapy as well as the
predictive role of immune cell evaluation

Strategies to implement immunity evaluation as pathology testing for clinical use
and to monitor efficacy of immunotherapy

• Evaluate various biomarker candidates for clinical use

• Perform cost analysis for various clinical management schemes

• Implement immune response evaluation in routine clinical practice

• Monitor efficacy of immunotherapies in both oncology and pathology practices
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Key points

1. Cancer immunology is an interdisciplinary research area that requires integrated
analysis of both host and tumor factors.

2. Each tumor has its own unique set of genomic and epigenomic changes, which
can influence host immune response to tumor.

3. Examining the effects of tumor–host interactions on clinical outcome and tumor
growth represents an emerging interdisciplinary scientific field of molecular
pathological epidemiology.

4. The degree of the immune response to a tumor has been positively associated
with improved survival of patients with colorectal cancer and was independent
of tumor molecular features.

5. Immunity evaluation in pathology practice may provide information on clinical
outcome and help identify patients who are more likely to benefit from
immunotherapy.

6. We need to conduct comprehensive translational studies that can evaluate and
validate tumor molecular characteristics, roles of subsets of immune cells, and
methods to assess immune cells.
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Figure 1.
Various immune-cell reaction patterns can be observed upon pathologic examination of a
cancer biopsy. The level of immune-cell infiltration varies widely between tumors (from
absent to intense); tumors with considerable immune reactions are depicted. a | Lymphocytic
infiltrates in tumor stroma (arrowheads) between glandular structures formed by neoplastic
cells, as well as on top of neoplastic cells (arrows) as a form of tumor-infiltrating
lymphocytes (magnification, ×100). b | Tumor-infiltrating lymphocytes from part a (arrows)
are shown in a high-power view (magnification, ×400). c | Immune reactions surround the
tumor as a form of peritumoral lymphocytic reaction (empty arrowhead), and are observed
in smooth muscle and adipose tissue (empty arrows) with some distance from tumor
(magnification, ×40).
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Figure 2.
Putative inter-relationship between tumor molecular changes, host immune response,
regional lymph nodes, disease stage and prognosis in colorectal cancer. Tumor molecular
changes are associated with both the host immune response and with patient
prognosis.45,49,52 The host immune response is associated with early-stage disease and an
increased number of lymph nodes detected in resection specimens.138 Immune reaction may
promote proliferation of lymphocytes and enlargement of regional lymph nodes, potentially
facilitating lymph-node dissection in gross pathology examination and increasing in the
number of recovered lymph nodes. The lymph-node count is associated with good
prognosis, independent of the host immune response, tumor stage and tumor molecular
variables.138 Thus, a comprehensive assessment of host immune response, disease staging,
node count, and tumor molecular variables is necessary to evaluate the clinical utility of host
immune response evaluation.
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