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Abstract
Colorectal cancer (CRC) is a heterogeneous disease, 
with a diverse and plastic immune cell infiltrate. These 
immune cells play an important role in regulating tumour 
growth - progression or elimination. Some populations of 
cells have a strong correlation with disease-free survival, 
making them useful prognostic markers. In particular, 
the infiltrate of CD3+ and CD8+ T cells into CRC tumours 
has been validated worldwide as a valuable indicator of 
patient prognosis. However, the heterogeneity of the 
immune response, both between patients with tumours 
of different molecular subtypes, and within the tumour 
itself, necessitates the use of multiparametric analysis in 
the investigation of tumour-specific immune responses. 
This review will outline the multiparametric analysis 
techniques that have been developed and applied to 
studying the role of immune cells in the tumour, with a 
focus on colorectal cancer. Because much of the data in 
this disease relates to T cell subsets and heterogeneity, 
we have used T cell populations as examples throughout. 
Flow and mass cytometry give a detailed representation 
of the cells within the tumour in a single-cell suspension 
on a per-cell basis. Imaging technologies, such as imaging 
mass cytometry, are used to investigate increasing 
numbers of markers whilst retaining the spatial and 
structural information of the tumour section and the 
infiltrating immune cells. Together, the analyses of multiple 
immune parameters can provide valuable information to 
guide clinical decision-making in CRC.
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Core tip: Colorectal cancer (CRC) is a heterogeneous 
disease. The immune response to CRC is highly variable, 

MINIREVIEWS

2995 July 21, 2018|Volume 24|Issue 27|WJG|www.wjgnet.com

Submit a Manuscript: http://www.f6publishing.com

DOI: 10.3748/wjg.v24.i27.2995

World J Gastroenterol  2018 July 21; 24(27): 2995-3005

 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)



clinically relevant, and as yet poorly characterised. 
Clinical management of this disease is still relatively 
uniform, and does not yet accommodate the influence of 
immune response on patient outcomes. Multiparametric 
analysis of CRC is the best approach to describe the 
immune response. Improved understanding of immune 
responses to CRC will guide patient management, 
improved survival, and identify new potential therapeutic 
biomarkers. This review summarises currently available 
modes of multiparametric analysis, their advantages 
and drawbacks, and their clinical relevance. 
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INTRODUCTION
The immune response has long been established as an 
important factor in determining the outcome of people 
with cancer. Studies using immunodeficient animal 
models of cancer demonstrated that tumour growth 
was enhanced in the absence of an immune system[1,2]. 
This phenomenon was later observed in humans 
undergoing immunosuppressive therapies[3]. Immune 
based therapies have been developed over the last 30 
years, including immune cell transfer, immune priming 
and inhibition of immune checkpoints (reviewed in[4]), 
with much success in many types of cancer. These 
immunotherapies primarily target the adaptive immune 
system, which coordinates a tumour-specific response. 
However, despite the fact that a high T cell infiltrate 
is a better indicator of patient survival than traditional 
histological based staging methods[5], the immune 
response in colorectal cancer (CRC) has not yet been 
reliably and effectively harnessed to treat patients of all 
stages and types of disease[6,7].

CRC is a highly heterogeneous disease[8] and the 
immune response in cancer is equally complex. Both 
factors complicate research into the development 
of immune therapies for CRC, as well as improving 
treatment decisions for clinicians. Analyses of tumour-
immune cell interactions require the use of a range 
of parameters to avoid oversimplification, and ensure 
the disease is captured in its entirety. Technological 
advances in cytometry and cytometric imaging have 
exponentially broadened the scope of immunological 
study. Use of the light and ionic mass spectrums have 
enabled researchers to label up to 40 parameters, both 
cell surface and intracellular, to interrogate the immune 
system on a cell-by-cell basis[9-13]. Analysis of many 
parameters on each cell is essential to understand 
the functions of the many cell groups which exist in a 
heterogeneous population. 

In this review, we describe the need for multi
parametric analysis to investigate the immune response 
in CRC, with a focus on how this can improve clinical 
outcomes. Multiparametric tools such as polychro
matic flow cytometry, mass cytometry and imaging 
technologies, and their use in these studies, will be 
reviewed. We will argue that use of these techniques 
is essential to obtain meaningful immune data in the 
context of fundamental CRC research and that they 
can be included into ongoing and future clinical trials to 
improve development of new therapies.

HETEROGENEITY OF CRC AND THE 
EFFECT ON THE LOCAL IMMUNE 
RESPONSE
CRC is a heterogeneous disease with different molecular 
subtypes[14-16]. Patients with microsatellite instability 
(MSI)high tumours tend to respond better to targeted 
immunotherapy and have improved disease-free 
survival than MSInegative patients[17]. A meta-analysis of 18 
CRC datasets revealed that tumours could be subtyped 
into four groups: MSI immune, canonical, metabolic 
and mesenchymal[18]. These subtypes group tumours 
by mutational status and chromosomal instability, 
somatic copy number variation, immune infiltration and 
metabolic regulation, and could be correlated to staging 
and survival outcomes[18]. 

The immune cells infiltrating the tumour in CRC 
are heterogeneous[19]. Macrophages, dendritic cells, 
neutrophils and lymphocytes, such as T cells, have 
all been studied in the context of colorectal tumours, 
and different populations of these cells control tumour 
progression or rejection, ultimately affecting overall 
outcome for the patient[20]. Table 1 summarises the 
conflicting data between infiltrating immune cell 
populations and the effect on CRC patient outcome. 
However, heterogeneity exists within these subsets, 
which can alter their effect in the tumour. For instance, 
the study of different neutrophil populations has led 
to conflicting evidence about their role in colorectal 
tumours[21-23]. Two studies used immunohistochemistry 
(IHC) to count myeloperoxidase (MPO)+ cells present in 
the tumour. Roncucci et al[22] showed that an MPO+ cell 
infiltrate correlated with colonic inflammation, and that 
these cells were a CRC risk indicator. Droeser et al[21] later 
showed that a high MPO+ cell infiltrate was associated 
with better prognosis, and that MPO was mostly 
expressed by CD15+ cells. CD15 is a granulocyte marker, 
which is also expressed at low levels on monocytes[24]. 
Many studies have highlighted the diversity of T cell 
infiltrates in CRC, and have linked these subpopulations 
with patient outcome[25-31].

However, the immune response is not independent 
of the tumour microenvironment. Tumour type and 
associated molecular profile are associated with different 
levels of immune infiltrate[18]. The MSI status of a 
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tumour has a strong effect on the number of infiltrating 
CD3+ lymphocytes: MSIhigh tumours are associated with 
higher levels of CD8+ T cells within the tumour, and with 
higher levels of infiltrating forkhead box protein (FOXP3)+ 
regulatory T (Treg) cells[32,33].

Soluble mediators produced by tumour cells can 
have inflammatory or immunomodulatory effects, 
which dictate the function of both tumour and immune 
cells. Tumours produce angiogenic factors that promote 
growth, but which can also inhibit activity of the immune 
infiltrate. Vascular endothelial growth factor (VEGF) is a 
proangiogenic factor produced by tumour cells[34], and 
which has immunomodulatory effects on macrophages, 
T cells and dendritic cells (reviewed in[35]). VEGF led 
to the maturation of CD34+ haematopoietic stem cells 
into dendritic cells[36], and also induced conversion of 
immature dendritic cells into endothelial-like cells, which 
may contribute to neovascularisation[37]. 

The cytokine environment has a significant impact 
on immune cell function and activity. In a Rag-/- mouse 
model of mucosal inflammatory hypoxia, Treg formation 
was induced through induction of FoxP3 expression 
in a transforming growth factor (TGF)-β dependent 
manner[38]. TGF-b also has a direct pro-oncogenic 
function in cancer. As well as promoting invasion and 
metastasis of tumour cells, TGF-β inhibits the anti-
tumour immune response by modulating proliferation, 
function and differentiation of both myeloid and 
lymphocyte populations (reviewed in[39]). In colorectal 
cancer patients with MSIhigh tumours, mutations in the 
TGF-β receptor (TGF-β1 RII) were associated with a 
higher rate of disease free survival and a lower risk of 
recurrence than MSIhigh tumours without TGF-β1 RII 
mutations[40]. 

IMMUNE CELL PLASTICITY
Immune cells change phenotype and function in 
response to changes in the cytokine environment 

or to other stimuli. T cells differentiate into different 
subtypes when activated by different pathogens, and 
plasticity between these subtypes has been shown in 
many models (reviewed in[41]). In a study of T cells from 
healthy human blood, a high degree of heterogeneity 
was found within canonical T cell subsets[42]. T cells with 
an intermediate phenotype between different subsets 
indicated plasticity even in healthy individuals[42]. 

The tumour microenvironment induces changes 
in the phenotype of many types of immune cells. The 
repolarisation of suppressive Treg cells within the tumour 
was shown with the discovery of a FOXP3+ population 
expressing canonical inflammatory markers interleukin 
(IL)-17 and RORγt, in patients with CRC[43]. Expression 
of IL-17 by tumour infiltrating lymphocytes was 
associated with poor survival in CRC patients[31]. These 
data show that the tumour can manipulate T cells from 
an immunoregulatory state to an inflammatory pro-
tumour state. Both macrophages and neutrophils have 
been shown to change phenotype and function within 
the CRC tumour microenvironment[44,45]. For example, 
soluble factors in the tumour microenvironment, 
such as TGF-β and IL-13, can drive macrophages into 
a suppressive phenotype, which promotes tumour 
progression[46]. In patients with CRC, tumour-associated 
macrophages (TAMs) had distinct phenotypes to those 
found in adjacent non-tumour bowel. An increase in 
populations resembling both pro- and anti-inflammatory 
macrophages was found within the tumour[19]. 

TUMOUR-IMMUNE CELL INTERACTIONS-
SPATIAL HETEROGENEITY
Tumour-immune cell interactions are spatially heter
ogeneous, and different infiltrates in different parts of 
the tumour are associated with different outcomes. 
As early as 2009, it was shown that the infiltrate of T 
cells in the invasive margin of CRC tumours was more 
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Table 1  Relationship between different immune cell subsets and colorectal cancer prognosis

Type of immune cell Canonical function Role in colorectal cancer Ref.

CD8+ T cells
Production of cytokines (including IFN-γ) and cytotoxic 

molecules
High numbers of CD8+ T cells in the invasive margin 

correlate with favourable prognosis.
[56]

RORγT+IL-17+ T cells
Production of IL-17, which recruits inflammatory cells 

such as neutrophils

Associated with poor prognosis, especially in 
combination with low levels of Th1 cells (Tbet+IRF1+ 

IL12Rb2+STAT4+)
[31]

Regulatory T (Treg) cells
Regulation and suppression of effector T cell responses, 

production of IL-10 and TGF-β.
High density of CD3+FOXP3+ Tregs associated with 

improved disease-free survival.
[11]

Effector Treg cells Regulation of T cell responses, production of cytokines
CD3+FOXP3+Blimp-1+ associated with increased 

disease-free survival.
[72]

Macrophages
Phagocytic cells with pro- or anti-inflammatory 

properties, recruit T cells, neutrophils
Associated with favourable prognosis at the invasive 

margin.
[51]

Neutrophils
Phagocytosis of infected, damaged or dying cells, 

including tumours
Conflicting results, but a high ratio of neutrophils:

CD8+T cells associated with poor prognosis.
[21-23,86]

Dendritic cells Antigen presenting cells
Mature tumour-infiltrating (S100+CD83+) dendritic cells 

associated with improved prognosis.
[87]

Blimp-1: B lymphocyte-induced maturation protein 1; FOXP3: Forkhead box protein 3; IFN-γ: Interferon-gamma; TGF-β: Transforming growth factor-beta; 
Treg: Regulatory T cell.
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for flow cytometry[55].
Flow cytometry has been an essential tool for cancer 

research. Immunohistological staining showed that 
more T cells in colorectal tumours correlated with better 
prognosis, but a causal effect on survival was elucidated 
using flow cytometry[56,57]. Flow cytometry has been 
used successfully to identify multiple subsets of immune 
cells in the context of colorectal cancer[27,30].

Studies using flow cytometry to investigate the role 
of Tregs in CRC have produced conflicting results. A high 
infiltrate of Tregs has been associated with negative, 
positive, or no effect on patient outcome (reviewed in[58]). 
The heterogeneity and plasticity of Treg populations 
may explain these conflicting results. A study which 
defined Tregs as CD4+FOXP3+CD25+CD127lo, using flow 
cytometry, found that circulating Tregs were reduced 
in patients with metastatic CRC who had been treated 
with a VEGF receptor blocker[59]. A study which used 
flow cytometry to investigate multiple parameters of 
Tregs in CRC patients revealed a population of highly 
immunosuppressive CD4+FOXP3- Treg-like cells that 
were enriched in the tumour, compared to adjacent colon 
or blood[60]. Cells in this population expressed Helios, 
CD39, cytotoxic T-lymphocyte antigen (CTLA-4), and 
latency-associated peptide (LAP). They also produced 
IL-10 and TGF-β, and were 50 times more suppressive 
than CD4+FOXP3+ cells[60]. The heterogeneity of the Treg 
infiltrate necessitates the inclusion of a wide range of 
markers to understand their role in disease progression. 

Flow cytometry has also been used to examine T cell 
dysfunction in CRC patients. In a study comparing immune 
cell phenotypes from T cells infiltrating the tumour and 
non-tumour bowel from matched CRC patients, a higher 
proportion of cells in the tumour than bowel expressed 
“exhaustion” markers, including programmed death ligand 
1 (PD-1), LAG-3, CTLA-4 and TIM-3[30,61,62]. In a separate 
study of tumour draining lymph nodes, CD8+ T cells that 
expressed the activation marker PD-1 were functional 
in the tumour-free lymph node, but could not produce 
cytokines in the tumour-draining lymph node[63]. 

Mass cytometry
The challenges with spectral overlap and compensation 
experienced by users of flow cytometry have been 
addressed with the advent of mass cytometry. This 
technology shares the basic principle of flow cytometry, 
except monoclonal antibodies are labelled with heavy 
metal isotopes instead of fluorophores[64]. After cells 
are labelled, they are nebulised and the isotopes are 
measured cell-by-cell using mass spectrometry[64]. 
The use of heavy metal isotopes eliminates spectral 
overlap, therefore, the number of parameters that can 
be incorporated is much greater. While the technique 
is used for 40 parameters currently, the availability of 
heavy metal ions and lack of spectral overlap mean that 
this technology can theoretically be used to examine 
between 70 and 100 markers per cell[65]. 

The analysis of up to 40 markers gives much better 

predictive of patient outcome than T cells in the centre of 
the tumour[47]. Similarly, a high frequency of CD3+ T cells 
< 10 μm from metastatic liver CRC tumours correlated 
with improved overall survival[48]. A comprehensive 
study of the infiltrating immune cells over the course of 
tumour progression showed that T cell presence in the 
tumour decreased over time, whereas the number of 
B cells and innate immune cells such as macrophages 
and neutrophils increased with tumour progression[49]. 
This study also showed that the immune cell populations 
were distinct between the tumour core and the invasive 
margin. For instance, in the tumour core, the B cells 
were closely correlated with the T cell network, despite 
being present in low numbers[49]. In stage I-II CRC, a 
low infiltration of neutrophils in the invasive margin was 
associated with poor patient prognosis[50]. The presence 
of macrophages at the invasive margin of colorectal 
tumours was correlated with improved prognosis, but 
not their presence overall, highlighting the importance of 
retaining spatial information where possible[51]. 

Interactions between immune cells also have 
prognostic power. Co-localisation of CD8+ T cells and 
CD66b+ neutrophils predicted favourable prognosis in 
CRC patients[25]. Functional analyses of these cell groups 
showed that neutrophils from the tumour activated T 
cells to produce interferon-gamma (IFN-γ). The addition 
of functional markers into imaging analysis would have 
increased the power of this study[52]. 

TOOLS FOR MULTIPARAMETRIC 
ANALYSIS
Flow cytometry
Flow cytometry is a technique which enables charac
terisation of cells on a per-cell basis. Cell surface and 
intracellular proteins are labelled using epitope-specific 
antibodies conjugated to specific fluorophores[12,53]. 
Fluorescence-activated cell sorting (FACS) is a related 
technique, which uses flow to sort viable cells based 
on the expression of markers which have been tagged. 
This is a useful tool if further in vitro assays are required 
to investigate phenotype and function of particular cell 
types. 

Often limited by spectral overlap and spread of 
the fluorophores, and low- or co-expressed antigens, 
multiparametric flow cytometry using more than 12 
markers can require a high level of technical skill and 
appropriate instrumentation. By rearranging detectors 
and applying appropriate controls, a 17-colour panel 
was developed and used to successfully investigate 
multiple markers on T cell populations[12]. This study 
was a method development study that highlighted 
heterogeneity in pre-defined T cell subsets. The 
development of the bright Brilliant Violet dyes greatly 
extended the limits of markers which could be analysed 
in a single panel[54,55]. Further developments in 
fluorophore chemistry and use of a 50-detector system 
have resulted in the development of a 27-colour panel 
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resolution as to the functional and phenotypic properties 
of the cells of interest. Analysis of heterogeneous cell 
populations requires the measurement of as many 
markers as possible, so that the full complexity of the 
immune cell-tumour interactions can be understood. 
Mass cytometry was used to develop a detailed model 
of haematopoietic development in human bone marrow 
samples and showed functional responses to drug 
interventions differed across immune cell subtypes[9]. 
This was one the first papers to use this technique to 
show the complexity of immune cell development and 
signalling[9]. 

Recently, researchers have used mass cytometry 
to begin studying the complex dyanmics of tumour-
immune cell interactions. Spitzer et al[13] demonstrated 
that the success of immunotherapy in a mouse model 
required a systemic and diverse immune response. 
Analysis of the immune infiltrate of bone marrow, blood, 
tumour, spleen and lymph nodes showed that tumour 
rejection after immunotherapy was dependent on a 
system-wide response. The breadth and depth of this 
study revealed factors essential for immune-mediated 
tumour rejection in the context of immunotherapy 
which have until now been overlooked. Mass cytometry 
has since been used to develop an “immune atlas” of 
immune cell profiles during the development of lung 
adenocarcinomas[66]. The use of high dimensional single 
cell analysis of the early development of lung tumours 
highlighted modulation of innate cells as an avenue for 
early therapy.

A caveat of incorporating many parameters is that 
an analytical framework is needed to visualise the 
high-dimensional output, and compare datasets within 
the research community[67]. The tools most useful for 
multiparametric dataset analysis and visualisation were 
recently reviewed by Kimball et al[68].

IMAGING TECHNIQUES 
The most important advantage of imaging techniques 
over mass cytometry and flow cytometry is that 
spatial and geographical information is retained. The 
imaging techniques described below have been used 
to determine that the distribution of immune cells, in 
relation to other immune cells and cancer cells, can not 
only improve the ability of clinicians to prognosticate 
patients with CRC but also reveal which patients will 
benefit from further treatment. 

Immunohistochemistry
Lymphocyte infiltration related to CRC patient prognosis 
was established via histopathology in 1978[69], and IHC 
has been used in the last 40 years to look at the type, 
frequency and location of immune cells in colorectal 
cancer tumours. Galon et al[56] showed in 2006 that 
higher lymphocytic cell infiltrate in two tumour regions 
(invasive margin and centre of the tumour) correlated 
with improved disease-free and overall survival 
in CRC patients. The T cell infiltrate was a better 

predictor of patient disease-free survival than current 
histopathological staging methods used in the clinic. 
These findings have helped define patient prognosis, 
better identify high-risk patients, and improve the 
quality of life by predicting patients who would benefit 
from further therapy. There have recently been new 
developments in highly multiplexed tissue imaging. For 
a comprehensive description of some of the following 
techniques, see[70].

Immunofluoresence microscopy
Immunofluorescence, using confocal microscopy to 
look at several markers simultaneously, provides an 
advantage over standard IHC. Secondary antibodies 
conjugated to a fluorophore are added to primary 
antibody-labelled tissue sections. Up to four fluorophores 
can typically be detected on a confocal microscope. This 
technique has been used to increase understanding of 
the immune infiltrate in colorectal tumours and how 
different cell subsets relate to prognosis, for example, 
neutrophil and CD8+ T cell interplay has been shown to 
improve survival in CRC patients[52]. Another example is 
the validation of the Immunoscore[5] in a New Zealand 
cohort of stage II CRC patients[71]. Importantly, it was 
found that analysis of additional markers (to identify 
Tregs and effector Tregs) provided means to identify 
patients with the highest risk of recurrent disease, 
meaning that these patients can be referred for further 
treatment to improve their prognosis. 

The measurement of more than four parameters 
simultaneously using immunofluorescence has required 
a change in technology to include iterative staining 
protocols. An example of this technology is the OpalTM 
method, developed for fluorescent IHC in formalin-
fixed paraffin-embedded (FFPE) tissue of up to seven 
markers. Using this platform, the tissue sample is 
stained in cycles with primary antibodies, secondary 
antibodies conjugated to HRP, and fluorophores which 
undergo a tyramide signal amplification reaction to 
covalently bond to the epitope. The antibodies are then 
removed without disrupting the fluorescence signals, 
which are measured by multispectral imaging[72]. This 
multiparameter imaging approach has been used in 
CRC research to show that TGF-β signalling proteins 
were increased in cancer tissues compared to normal 
tissues, and several proteins correlated with improved 
overall survival[73]. Further, spatial distribution of 
cytotoxic T cells in proximity to cancer cells correlated 
with increased overall patient survival in a study of 
pancreatic cancer patients[74], increased T cells at the 
tumour border improved overall survival in patients 
with CRC liver metastases[48], and Treg and CD8+ T cell 
proximity to cancer cells in non-small cell lung cancer 
correlate with worse and better lung cancer survival, 
respectively[75]. 

Mass cytometry-based imaging methods
Mass cytometry-based imaging methods, such as 
imaging mass cytometry (IMC[76]) and multiplex ion 
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beam imaging (MIBI[77]) can overcome many difficulties 
seen with immunofluorescence and allow the detection 
of up to 40 markers simultaneously using rare earth 
metal isotopes. The tissue is both ablated by a laser 
(IMC) or ion beam (MIBI) and carried by a stream 
of inert gas to a mass cytometer. The metal isotopes 
detected are mapped to the location of each spot to 
create an image of the target proteins throughout 
the tissue of interest[70,77,78]. So far, there are limited 
studies using these techniques and none in the field 
of CRC. Giesen et al[76] used IMC and Angelo et al[78] 
used MIBI on human breast cancer samples. These 
studies highlight the heterogeneity of tumours and why 
it is important to look at many parameters together. 
Because these techniques greatly increase the number 
of markers that can be looked at simultaneously, it has 
the potential to significantly expand our understanding 
of the immune response to CRC. Knowledge of a bene
ficial or disadvantageous immune infiltrate will enable 
better prognosis prediction and more personalised 
treatment.

Digital spatial profiling technology
Digital spatial profiling is a novel platform developed 
by NanoString Technologies. It combines standard 
immunofluorescence techniques with digital optical 
barcoding technology to detect and map up to 800 
protein and RNA targets in FFPE samples without 
destroying the tissue[79]. There are few studies using 
this technology thus far; however, it has the potential to 
further increase the volume of data that can be obtained 
from samples with the inclusion of RNA detection. 

MOLECULAR METHODS
Several molecular methods are available to study 
the immune infiltrate at the genetic, chromatin or 
transcriptional level, but these methods are outside 
the scope of this review. Briefly, gene expression 
analyses using qPCR can show functional differences in 
the immune infiltrate, but cell-by-cell gene expression 
techniques are still under development for widespread 
use. Assay for transposase-accessible chromatin 
sequencing (ATAC-seq) is used to investigate the 
chromatin structure of mammalian cells to show the 
regulation of the chromosomes, which in turn indicates 
the phenotype and function of a cell, and has been used 
to distinguish T cell activation from dysfunction[80,81]. 
ATAC-seq has also been developed to use on a cell-by-
cell basis, for heterogeneous populations[82].

CLINICAL PERSPECTIVES
Oncologists and surgeons encounter immunologic, 
genetic, molecular, and cellular variables involved in 
CRC patient prognosis. Critical appraisal of the effect 
of each complex variable is not practical for the clinical 
specialist also charged with keeping abreast of their 

own field. This glut of information contributes to slow 
clinical uptake of promising developments. In particular, 
advances in the immune response to CRC are complex, 
often conflicting, and of quality that is difficult for the 
uninitiated to assess. There is therefore a need not only 
for detailed analysis of the immune response to CRC, 
but also a pathway for communicating this information 
to clinical practice.

The ideal multiparametric analysis of CRC tissue 
in the clinical setting would more accurately guide 
postoperative patient management. Chemotherapy is 
currently excluded from patient treatment when the 
mortality and morbidity risks inherent with treatment 
are thought to outweigh the risk of CRC recurrence. 
But current prognostic techniques are failing up to 
25% of patients with apparently “low risk” CRC who 
experience recurrence despite their good American Joint 
Committee on Cancer (AJCC) prognosis. These patients 
often do not receive chemotherapy but with clinical 
hindsight would benefit from treatment. The current 
focus of the Immunoscore is improving patient selection 
for chemotherapy. Gold standard chemotherapy is 
multiagent[83,84]; however, components are often poorly 
tolerated and occasionally rationalised to single agent 
treatment. Future research should include large cohort 
studies that correlate immune infiltrate with response to 
chemotherapeutic agents, both single and multiagent. 
This could further personalise patient management to 
allow exclusion of risky chemotherapeutic components 
where appropriate.

CRC tissue banks are ideally suited to prognostic 
research. Retrospective banks eliminate the usual lag 
between tissue analysis and patient follow up, enabling 
immediate correlation of immune infiltrate with long 
term patient outcome. However, tissue is frequently 
stored as FFPE, as this is the current histopathological 
tissue preparation. Not all modes of multiparametric 
analysis are compatible with FFPE prepared tissue, but 
most methods of storage have a concordant mode of 
multiparametric analysis. It can be argued that there is 
an ethical obligation (with appropriate consent) to donor 
patients and families in any use of donated tissue; 
the researcher should collect as much information as 
possible from as small a sample of tissue as feasible. 
Multiparametric analysis facilitates this.

Clinical cohort studies have explored crude 
assessments of inflammation in the context of CRC, such 
as the neutrophil lymphocyte ratio, with indeterminate 
results[85-87]. This demonstrates that the importance 
of immune response to CRC is gradually infiltrating 
the clinical lexicon. The Immunoscore has far more 
definitive results[5] but has yet to enter routine clinical 
practice. However, both these scores are rudimentary 
quantification of immune cells, and do not reflect the 
heterogeneity and plasticity of the immune system. 
Multiparametric analysis addresses this, but adds yet 
more complexity to a field already overwhelming to the 
average clinical specialist. Encouraging clinical uptake 
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of new biomarkers will require evolution of existing 
communication between immunologists and clinicians. 
Future multidisciplinary cancer management meetings 
may require incorporation of immunologists, geneticists, 
and molecular pathologists (Figure 1). 

CONCLUSION
The complexity and heterogeneity of tumour-immune 
cell interactions necessitate the use of multiparametric 
analyses. CRC tumours are highly heterogeneous, and 
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Figure 1  Diagram summarising the methodology and analysis techniques involved in multiparametric analysis of immune cells. Briefly, tissues of interest 
are taken and either dissociated into a single cell suspension or mounted onto slides. Cells in suspension are stained with fluorescently labelled antibodies for flow 
cytometry, and then acquired using a flow cytometer. This data is often presented as populations positive or negative for 2 markers. For mass cytometry, cells are 
stained with antibodies labelled with heavy metal isotopes, and then acquired using a mass cytometer. The high dimensionality of this data means that clustering 
analyses are preferred to analyse this data. For imaging techniques, the tissue slides are also labelled with antibodies, and can be imaged using IHC, IFM, IMC or 
MIBI. Imaging techniques enable location of immune cells in situ, as well as enumeration of cell types. IMC and MIBI use more parameters, meaning more cell types 
can be distinguished, and clustering algorithms can be used on this data too, and related back to the geographical location of each cell. IHC: Immunohistochemistry; 
IFM: Immunofluorescent microscopy; IMC: Imaging mass cytometry; MIBI: Multiplex ion beam imaging.
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have correspondingly heterogeneous immune infiltrates. 
The immune cells in a single tumour are also dynamic 
and varied, and interact with each other and the tumour 
cells to affect patient prognosis, both positively and 
negatively. The spatial distribution of these cells can also 
play a role in the clinical outcome of a CRC patient. 

The integration of single cell analysis, functional 
assays and imaging techniques can be applied in com
bination to better understand the role of the immune 
system in CRC. It should be noted that the techniques 
presented here are limited in that they are only 
qualitative, and do not always provide quantitative data. 
Current techniques are able to quantify and describe in 
detail different immune populations, but extrapolating 
the effects of these populations on patient outcome 
is limited to association studies, which require large 
cohorts. The next step will be combining phenotypic 
characterisation with functional and interaction analysis, 
to better understand the mechanisms through which 
immune cell subsets interact with the tumour in situ. 
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