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Abstract 
Colorectal cancer can be categorized into two major molecular subtypes according to 
the status of their DNA proofreading and repair machinery. The DNA repair status of 
tumour cells plays a major role in shaping the immune landscape of tumours and in 
determining the clinical response of colorectal cancer patients to immune checkpoint 
blockade therapies. Colorectal cancers that develop in a context of DNA mismatch 
repair or polymerase proofreading deficiency are generally conspicuously infiltrated by 
effector memory T cells and are associated with an improved clinical prognosis relative 
to their replication repair-proficient counterpart. While mismatch repair-deficient 
colorectal cancers, and most likely POLE and POLD1-mutated cancers, are amenable 
to immune checkpoint blockade therapies, the promise of immunotherapy still remains 
unfulfilled for the majority of colorectal cancer patients. This review focusses on the 
role of the immune system in the tumourigenesis and clinical behaviour of colorectal 
cancer. Furthermore, we discuss how latest advances in the fields of genomics and 
oncoimmunology may pave the way to broaden the scope of immunotherapy for this 
disease. 

Keywords: Colorectal cancer; Immunotherapy; Checkpoint blockade; Mismatch repair; 
Neoantigens; Tumour infiltrating lymphocytes. 
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1. Introduction 
Colorectal cancer is one of the most common and deadly cancers worldwide, 
estimated to have caused more than 800.000 deaths in 2018 (Bray et al., 2018). A 
clear distinction between colorectal cancers with high and low somatic mutation 
burden has provided important insights into the relationship between cancer genetics 
and immunity. The type and magnitude of genetic instability observed in colorectal 
cancer strongly influences the immune composition of the cancer microenvironment 
and determines the clinical responses observed to state-of-the-art cancer 
immunotherapies (Angelova et al., 2015; Le et al., 2017) (Figure 1). Cancers with high 
mutation burden (generally defined as more than 10 mutations per megabase) account 
for 15 to 20% of all colorectal cancers and, most often, develop in the presence of 
defects in the DNA mismatch repair (MMR) system, which can be inherited (Lynch 
syndrome) or acquired in a sporadic context. A hypermutated phenotype is also found 
in a minority of colorectal cancers (~1%) due to germline or somatic mutations in the 
genetic regions encoding the proofreading domain of DNA polymerase epsilon (POLE) 
or, less frequently, of DNA polymerase delta 1 (POLD1) enzymes (Cancer Genome 
Atlas, 2012; Rayner et al., 2016). These defects in the DNA replication and repair 
machinery lead to the widespread accumulation of mutations that inevitably target 
protein-coding, genomic regions. Moreover, nucleotide insertions and deletions are 
common in a background of MMR deficiency and, when targeting exonic regions, can 
generate frameshifted proteins with high immunogenic potential. The surplus of 
mutated proteins (neoantigens) in hypermutated cancers confers them an 
immunogenic character as demonstrated by their conspicuous infiltration with 
cytotoxic T cells (de Miranda et al., 2012; Dolcetti et al., 1999). Nevertheless, the large 
majority of colorectal cancers (up to 80% of cases) are MMR-proficient and present 
with low to moderate mutation burden. This review discusses how genetics and cancer 
immunity are closely intertwined in colorectal cancer and how this relationship impacts 
patient prognosis and response to state-of-the-art immunotherapies. 

 

Figure 1 – In colorectal cancer, tumour mutation burden, T cell infiltration, clinical prognosis, and 
response to checkpoint blockade immunotherapies are closely associated. (MMR-d, Mismatch repair 
deficient)  
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2. Colorectal cancer genetics, adaptive immunity, and clinical prognosis 
MMR-deficient and POLE-mutated cancers are associated with longer disease-free 
survival and lower risk of recurrence in stage II and III, when compared to replication 
repair-proficient colorectal cancers (Domingo et al., 2016), notwithstanding the 
decreased sensitivity of MMR-deficient tumours to fluorouracil (FU)-based adjuvant 
chemotherapy, a standard of care drug for the treatment of colorectal cancer (Sargent 
et al., 2010). On the other hand, a MMR-deficient status appears to lose its prognostic 
value in recurrent and metastatic disease and it has been, instead, associated with 
worse clinical outcomes (Alex et al., 2017; Kim et al., 2016). Interestingly, the 
metastatic patterns of MMR-deficient cancers are also considerably different from the 
remaining spectrum of colorectal cancer, with a higher frequency of peritoneal 
dissemination rather than hematogenous spread to liver or lungs (Fujiyoshi et al., 
2017). Nevertheless, additional studies making use of large cohorts of metastatic 
MMR-deficient colorectal cancers are required to confirm these observations. Of note, 
the MMR-status also associates with other clinicopathological features that may 
contribute to their clinical behaviour: MMR-deficient tumours are most often diagnosed 
in the proximal colon while infrequent in the distal colon and rarely found in the rectum. 
In addition, BRAF mutations are highly prevalent in MMR-deficient colon cancers 
(found in approximately 50% of cases) and these tumours are further characterized by 
poorly differentiated and mucinous histology. (Brenner et al., 2014)  

The fact that a pronounced lymphocytic infiltration is a hallmark of MMR-deficient 
colorectal cancers has prompted researchers to associate the immunogenic character 
of these tumours with their more favourable clinical behaviour. A seminal work by 
Galon and colleagues in 2006 confirmed the major role that the adaptive immune 
system plays in colorectal cancer tumourigenesis by demonstrating that the type, 
density, and location of immune cells in tumours had a superior prognostic value over 
the standard TNM staging system (Galon et al., 2006). Specifically, high T cell density 
was identified as an independent prognostic factor for disease-free and overall survival 
in patients with stage I-III colorectal cancer. Galon and colleagues went on to develop 
Immunoscore, a tool aimed at improving the prognostic stratification of colorectal 
cancer patients, particularly through the identification of high-risk stage II patients that 
might benefit from adjuvant therapies (Galon et al., 2012). Immunoscore categorizes 
tumours into low, intermediate, and high Immunoscore categories based on the 
assessment of CD3+ and CD8+ T cell densities at the core of tumours and their 
invasive margin. Recently, an international effort confirmed the value of Immunoscore 
as an independent prognostic tool to estimate the risk of recurrence in stage I-III colon 
cancer (Pages et al., 2018). Notably, in this study, tumours with a low Immunoscore 
and thus associated with a poor prognosis, were not restricted to MMR-proficient 
cancers but also observed among patients diagnosed with MMR-deficient tumours. 
Conversely, colon cancers with high Immunoscore were also present within the MMR-
proficient subset. It would be of great interest to determine whether these nuances can 
be explained by fluctuations in mutational burden within MMR-deficient and -proficient 
subsets. It is expected that a proportion of MMR-proficient cases with a high 
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Immunoscore present a hypermutated phenotype resulting from mutations in the 
POLE and POLD1 genes. Importantly, the detailed investigation of MMR-proficient 
cancers which are densely infiltrated by immune cells could lead to the discovery of 
additional molecular mechanisms that modulate the immunogenicity of colorectal 
cancer. 

Tumours are generally infiltrated by polyclonal populations of memory CD4+ and 
CD8+ T cells that display specificity to a variety of antigens; not only cancer antigens 
or neoantigens but also self- or viral-derived antigens (Gee et al., 2018; Scheper et 
al., 2019). Recent studies have proposed that cancer-specific T cells acquire 
discriminative phenotypes (e.g. CD103 and CD39 expression) that would support their 
targeted isolation for downstream therapeutic applications (Duhen et al., 2018; Simoni 
et al., 2018). CD103 is an integrin with affinity to E-cadherin and, thus, plays an 
essential role in the retention of T cells in epithelial cancers (Schon et al., 1999). 
Together with other markers such as CD69, CD103 identifies tissue-resident memory 
T cells that have been increasingly highlighted in cancer immunology studies, 
including colorectal cancer, as highly cytotoxic T cell populations with prognostic value 
(Djenidi et al., 2015; Hu et al., 2018; Webb et al., 2015). CD39 is an ectonucleotidase 
that, together with the ecto-5′-nucleotidase CD73, converts ADP and ATP to 
adenosine, a potent immunoregulatory molecule that suppresses T cell activity 
(Deaglio et al., 2007; Mizumoto et al., 2002). CD39+ T cells express a number of 
additional activation or exhaustion T cell markers (Duhen et al., 2018; Simoni et al., 
2018) indicating that, in itself, CD39 might function as a checkpoint molecule that is 
induced after prolonged exposure of T cells to their cognate antigen. Considering the 
functional relevance of these phenotypes and their ability to pinpoint cancer-reactive 
T cells a comparison should be performed between the prognostic value of these 
phenotypes with the one of unselected T cell populations. 

3. Other players in the colorectal cancer microenvironment 
Additional immune cell subsets have been associated with the clinical behavior of 
colorectal cancer, including regulatory T cells (Tregs) and macrophages (Fridman et 
al., 2017). Tregs suppress T helper type 1 (Th1) cell-mediated responses and the 
activity of cytotoxic T cells but, strikingly, their presence has been associated with an 
improved prognosis in colorectal cancer, while predicting poor patient outcomes in 
other tumour types (Frey et al., 2010; Fridman et al., 2017; Salama et al., 2009). 
Researchers have interpreted the accumulation of Tregs in colorectal cancer as a 
consequence of a physiological anti-cancer immune response where the 
establishment of a Th1 inflammatory response is followed by the onset of suppressive 
mechanisms to resolve inflammation. Also, Saito and colleagues (Saito et al., 2016) 
proposed that the controversial role of Tregs in colorectal cancer can be explained by 
the existence of two distinct FOXP3+ CD4+ T cell populations with opposite functional 
roles: the immune suppressive activity of classical Tregs displaying high expression 
of the FOXP3 transcription factor was counterbalanced by the inflammatory properties 
of FOXP3-low, CD4+ T cells in colorectal cancer tissues. These two subpopulations 
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cannot be distinguished by semi-quantitative methods such as immunohistochemistry 
which precludes their detection in readily available retrospective colorectal cancer 
cohorts. Nevertheless, additional efforts will be required to address the idiosyncratic 
role of Tregs in colorectal cancer. 

Similarly to Tregs, the role of macrophages and their impact in patient prognosis in 
colorectal cancer also requires clarification. Macrophages can be grossly divided into 
two subsets according to their phenotype and function. The so-called M1 
macrophages predominantly produce proinflammatory molecules such as TNFα, nitric 
oxide, and reactive oxygen intermediates that can induce cancer cell-death 
(Mantovani et al., 2004). Conversely, M2 macrophages can arise in the context of 
chronic inflammation and are characterized by the production of immune suppressive, 
pro-angiogenic, and cell-growth factors that confer them a pro-tumourigenic role (Qian 
and Pollard, 2010). Tumour-associated macrophages are predominantly of the M2 
subtype and their presence has been associated with a poor prognosis in a variety of 
cancers (Bingle et al., 2002; Qian and Pollard, 2010). However, some conflicting 
reports have also demonstrated that high macrophage infiltration in tumours is 
associated with improved patient survival, particularly in colorectal cancer (Edin et al., 
2012; Forssell et al., 2007). Such discrepancies may be explained by the employment 
of distinct markers across studies to define macrophage populations or subsets. It is 
also now well-accepted that the dichotomization of macrophages into M1 and M2 
subtypes is oversimplified and that these immune cells exhibit high phenotypic 
plasticity (Aras and Zaidi, 2017). Myeloid-derived suppressor cells (MDSC) are 
another population of myeloid cells with phenotypical similarities to macrophages and 
granulocytes but with immature features. They are proposed to result from the 
exposure of immature myeloid precursors to chronic inflammatory signals like the ones 
provided by cancer tissues (Veglia et al., 2018). They have strong immune-
suppressive functions resulting from the production of factors like arginase or 
prostaglandin E2 and of anti-inflammatory cytokines (Huang et al., 2006; Veglia et al., 
2018). Therefore, their detection in cancer patients has almost invariably been 
associated with poor clinical outcomes (Zhang et al., 2016). In colorectal cancer, their 
presence in both peripheral blood and tumour tissues has been associated with 
advanced tumour stages (Sun et al., 2012; Zhang et al., 2013). Furthermore, in 
metastatic colorectal cancer patients, high amounts of circulating MDSCs were 
predictive of poor progression-free survival following chemotherapy (Tada et al., 
2016). Similar to macrophages, the definition of phenotypes which are discriminative 
of MDSC subsets has proven challenging and highly variable between studies. In the 
near future, it is expected that high-dimensional immunophenotyping technologies 
such as single-cell sequencing or multiplex imaging approaches make major 
contributions to advance our knowledge in this field (Finotello and Eduati, 2018; 
Ijsselsteijn et al., 2019a). 

Although not part of the immune system, cancer-associated fibroblasts play a crucial 
role in the regulation of immune responses in the cancer microenvironment. The 
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analysis of global gene expression profiles in large cohorts of colorectal cancer has 
revealed four distinct consensus molecular subtypes (CMS) with biological and clinical 
significance (Guinney et al., 2015). The CMS1 subtype is largely composed of MMR-
deficient colorectal cancers with strong immunogenic features while the CMS2 and 
CMS3 subtypes are associated with WNT and MYC signalling activation, and 
pronounced metabolic dysregulation, respectively. The CMS4 subtype, in turn, 
aggregates tumours with transcriptional signatures reminiscent of mesenchymal 
phenotypes that are driven by the TGF-β pathway. This subtype contains 
approximately one-fourth of all colorectal cancers and associates with worse patient 
survival. Importantly, the mesenchymal signatures that characterize the CMS4 
subtype are not exclusively dependent on the transcriptional program of cancer cells 
but, instead, are strongly driven by the stromal compartment of tumours and, 
particularly, by cancer-associated fibroblasts (Calon et al., 2015). The reprogramming 
of fibroblasts through activation of the TGF-β pathway results in a positive-feedback 
mechanism where fibroblasts themselves become main sources of TGF-β, as well as 
of other immunomodulatory molecules, thereby directly suppressing the anti-tumour 
activity of innate and adaptive immune cell compartments (Hawinkels et al., 2014; 
Herrera et al., 2013; Thomas and Massague, 2005). Accordingly, the therapeutic 
targeting of TGF-β can have a profound impact in the augmenting of anti-tumour 
immune responses in colorectal cancer and other cancer models (Mariathasan et al., 
2018; Tauriello et al., 2018). Furthermore, a desmoplastic stroma, composed of 
extracellular matrix proteins and cancer-associated fibroblasts constitutes a physical 
barrier that impedes the direct contact between cancer and immune cells (Elahi-
Gedwillo et al., 2019). The ratio between cancer cells and stromal content has been 
shown to carry prognostic relevance in several solid tumours, including colorectal 
cancer (Huijbers et al., 2013; Vangangelt et al., 2018). Going forward, it would be of 
great importance that studies aimed at providing a comprehensive overview of cancer 
microenvironment account for the fibroblastic compartment. Further, when focusing 
on colorectal cancer, it is paramount to acknowledge the profound differences that 
distinguish MMR-deficient and MMR-proficient tumours, particularly when performing 
correlations with clinical parameters.  

4. Immune evasion in colorectal cancer 
The immune recognition of tumour cells as a result of the expression of neoantigens 
is highly dependent on the operationality of the antigen processing pathway in cancer 
cells. In this pathway, proteins are marked for degradation and are broken down into 
peptides by the immunoproteasome (Yewdell et al., 2003). Subsequently, these 
peptides are transported into the endoplasmic reticulum (ER) by transporter 
associated with antigen processing (TAP) proteins and loaded onto Human Leukocyte 
Antigen class I (HLA class I, dubbed Major Histocompatibility Complex (MHC) class I 
in most vertebrates) (Neefjes et al., 1993). The construction and stabilization of the 
HLA class I-peptide complex is facilitated by a number of chaperone proteins including 
calnexin, calreticulin and endoplasmic reticulum glycoprotein 57 (ERp57). These 
remain bound to the HLA class I complex until the loading of peptides has occurred, 
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as chaperoned by Tapasin (Wearsch and Cresswell, 2008). When the HLA class I-
peptide complex is formed, the TAP and chaperone proteins dissociate and the HLA 
class I-peptide complex is transported through the Golgi apparatus to the cell surface 
(Neefjes et al., 2011). The exposed peptides can be directly recognized by CD8+ T 
cells but a competent T cell response requires the previous priming of both CD4+ and 
CD8+ T cells by antigen presenting cells (Kurts et al., 2010). The molecular properties 
of neoantigens and their affinity to the various intermediates of the antigen processing 
pathway, particularly to the different HLA class I alleles (Garstka et al., 2015), 
determines whether they will reach the cell surface in order to be presented to T cells. 
Furthermore, neoantigen recognition also requires that a patient’s T cell repertoire 
includes T cells that express T cell receptors (TCRs) with affinity for specific 
neoantigen/HLA class I complexes (Turner et al., 2009). In line with these 
requirements, the accumulated evidence shows that, in cancer patients, only a 
minority of somatic mutations result in neoantigens that elicit a T cell response 
(Robbins et al., 2013; Tran et al., 2015; Verdegaal and van der Burg, 2017). 

The high mutational load of proofreading- and MMR-deficient colorectal cancers, 
largely surpassing the threshold of 10 mutations per megabase, translates into a 
higher likelihood of neoantigens being recognized by patients’ T cells. Moreover, these 
cancers are subjected to strong selective pressure to evade immune recognition. 
Alterations in the antigen processing pathway, leading to total loss of HLA class I 
expression, occur in the majority of MMR-deficient colorectal cancers (Dierssen et al., 
2007; Ijsselsteijn et al., 2019b; Kloor et al., 2005). These defects are often caused by 
genetic aberrations in the B2M gene (Bicknell et al., 1996), coding for the HLA class I 
light-chain �2-microglobulin, but mutations in other components of the antigen 
processing machinery also explain a significant proportion of cases (Dierssen et al., 
2007; Kloor et al., 2005). Furthermore, HLA class I haplotype and allelic losses can 
also occur and constitute more elegant mechanisms of immune escape that do not 
result in a “missing-self” phenotype (Dierssen et al., 2006; Karre, 1993; Maleno et al., 
2004). While HLA class I phenotypical alterations have not yet been thoroughly studied 
in POLE- and POLD1-mutant colorectal cancers, the expectation is that they occur at 
similar frequencies to the ones observed in MMR-deficient cases, in line with their 
comparable immunogenic character. In the absence of HLA class I expression, T cell 
responses are most likely maintained by futile cycles of cancer cell-death, antigen 
take-up and presentation by antigen presenting cells, T cell priming, and failure of T 
cells to engage their cognate antigen at the surface of tumour cells. It is somewhat 
paradoxical that, despite the frequency of HLA class I alterations in MMR-deficient 
colorectal cancers, these cancers tend to present with a more favourable clinical 
outcome. Interestingly, observations from our lab and others suggest that HLA class I 
might be required for the establishment of colorectal cancer metastases through a 
hematogenous route (e.g. to the liver or lungs) (Ijsselsteijn et al., 2019b; Kloor et al., 
2010). If confirmed, this would constitute a paradigmatic example on how extreme 
phenotypical adaptations at the primary tumour thwart the ability of cancer cells to 
colonize other organs, in line with the “seed and soil” model (Fidler, 2003). Conversely, 
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HLA class I aberrations have been described in approximately 20% of MMR-proficient 
colorectal cancers (Dierssen et al., 2007; Ijsselsteijn et al., 2019b; Kloor et al., 2005) 
but it is yet unclear whether they associate with higher mutation burden and improved 
prognosis in this particular subset. 

The major role that the immune system plays in shaping colorectal cancer clonal 
evolution can also be perceived by the mutational profiles of tumours. Rooney and 
colleagues reported that, at the time of resection, colorectal cancers display 
considerably less neoantigens than the ones that would theoretically be expected in 
the absence of immune selection (Rooney et al., 2015). Interestingly, this effect was 
particularly pronounced in colorectal cancers when comparing with other tumour 
types.  

5. Immunotherapy for colorectal cancer 
Cancer immunotherapy delivered, in the last decade, a huge breakthrough in the 
treatment of cancer (Topalian et al., 2015). In addition to revealing the full potential of 
immune cells as effective therapeutic agents, it also introduced a paradigm shift from 
the use of targeted therapies (e.g. kinase inhibitors) that delay cancer progression to 
treatments with curative potential (Ribas et al., 2012). The 2018’s Nobel prize 
laureates James Allison and Tasuku Honjo were pioneers of the cancer 
immunotherapy revolution (Couzin-Frankel, 2013). Their research led to the discovery 
of inhibitory mechanisms that regulate the activity of T cells and the clinical potential 
of targeting such mechanisms to treat cancer in an inspiring example of articulation 
between basic and translational science (Ishida et al., 1992; Leach et al., 1996). CTLA-
4 and PD-1 are co-inhibitory receptors in T cells that, upon binding to their 
corresponding ligands (CD80/CD86 and PD-L1, respectively), inhibit T cell activity 
(Schwartz, 2003). This treatment strategy is particularly effective in tumours with high 
mutation burden as the engagement of T cells with a tumour (neo) antigen is still 
required for the elimination of cancer cells (Le et al., 2017; McGranahan et al., 2016; 
Snyder et al., 2014; Van Allen et al., 2015). In colorectal cancer, the clinical benefit of 
checkpoint blockade, and PD-1 blockade in particular, appears to be restricted to 
patients diagnosed with MMR-deficient cancers (Le et al., 2017; Le et al., 2015). 
Although the available clinical data is still scarce (Gong et al., 2017; Wang et al., 2018), 
it is expected that ongoing clinical trials (e.g. NCT03435107 and NCT03150706) also 
demonstrate the suitability of checkpoint blockade for the treatment of POLE- and 
POLD1-mutant colorectal cancers. As discussed, the occurrence of distant 
metastases is less common in colorectal cancer patients diagnosed with MMR-
deficient tumours as compared to patients with MMR-proficient cancers. Therefore, 
checkpoint blockade should also be considered in case of localized disease in MMR-
deficient tumours in order to maximize the number of colorectal cancer patients that 
can benefit from it. An exploratory trial by Chalabi et al. reported a 100% response 
rate to the combination of nivolumab (anti-PD-1) and ipilimumab (anti-CTLA-4) in 7 
patients diagnosed with non-metastatic MMR-deficient colon cancers, in a neo-
adjuvant setting (Chalabi et al., 2018). 
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Objective responses to PD-1 blockade can be observed in half of MMR-deficient 
patients with advanced disease.(Le et al., 2017; Le et al., 2015) Paradoxically, HLA 
class I defects have been described in up to 80% of MMR-deficient colorectal cancers 
which would imply that the presence of HLA class I-epitope complexes at the surface 
of tumour cells is not always required for therapeutic response.(Dierssen et al., 2007; 
Kloor et al., 2005; Middha et al., 2019) Further, and as expected, defects in antigen 
presentation have been identified as resistance mechanisms to checkpoint blockade 
therapies.(Le et al., 2017; Zaretsky et al., 2016) Nevertheless, HLA class I-
independent mechanisms of response to PD-1 blockade have also been reported in 
other tumour types such as Hodgkin lymphoma where HLA class I loss and B2M 
mutations are commonly found.(Reichel et al., 2015) Greater insight into the 
mechanisms responsible for tumour elimination in the absence of HLA class I might 
reveal novel therapeutic strategies for cancers that acquired immune evasive 
phenotypes. Inflammatory cytokines produced during Th1 responses (e.g. IFN-γ, TNF-
α) can directly contribute to HLA class I-independent cancer cell-death and growth-
arrest (Balkwill, 2009; Braumuller et al., 2013). Their production can be stimulated by 
the (re-) activation of PD-1-expressing CD4+ and CD8+ T cells which in turn can also 
support the activation of innate immune cells such as NK cells, γδ T cells, or 
macrophages.(Marcus et al., 2014) Interestingly, recent studies have shown that these 
innate immune cells may constitute direct targets of PD-1 blockade.(Gordon et al., 
2017; Hsu et al., 2018; Iwasaki et al., 2011) NK cells or other innate lymphoid cells 
expressing Killing Inhibitory Receptors (KIRs) (Wagtmann et al., 1995) are particularly 
attractive subsets to explore in this setting as their activity is directly inhibited by HLA 
class I expression at target cells.(Moretta et al., 1993) It should be noted, however, 
that most studies on HLA class I expression in MMR-deficient colorectal cancers were 
performed in primary tumours and that the frequency of HLA class I alterations might 
differ when investigating metastatic lesions (Ijsselsteijn et al., 2019b).  

So far, immune checkpoint blockade has failed to deliver any clinical benefit to 
colorectal cancer patients diagnosed with MMR-proficient, low-mutation burden 
cancers, which constitute the majority of colorectal cancer cases (Cancer Genome 
Atlas, 2012; Le et al., 2015; Yarchoan et al., 2017). The near-absence of therapeutic 
responses in these cancers is surprising when taking into account the broad relevance 
of immune cell infiltration for colorectal cancer prognosis, independently of a tumour’s 
MMR status. In the coming years, researchers should address what differentiates high 
T cell infiltrated MMR-deficient and -proficient colorectal cancers in their sensitivity to 
checkpoint blockade therapies. Interestingly, when comparing MMR-proficient 
colorectal cancers with other tumours carrying a similar median number of mutations 
per megabase, one would expect to observe clinical responses in approximately 10% 
of MMR-proficient colorectal cancer patients (Yarchoan et al., 2017). This discrepancy 
suggests that other factors, apart from mutation burden, thwart the clinical activity of 
checkpoint blockade antibodies in these tumours. Nevertheless, the occurrence of 
neoantigen-specific, tumour-infiltrating lymphocytes has been demonstrated in MMR-
proficient colorectal cancers as well as other cancers with low mutation burden (Keskin 
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et al., 2019; Scheper et al., 2019; Tran et al., 2015; Tran et al., 2014). These 
observations support the development of alternative strategies that make use of these 
autologous, tumour-specific, immune responses (van den Bulk et al., 2018). A low 
number of neoantigens in MMR-deficient colorectal cancers most likely fails to provide 
an adequate degree of “non-selfness” that, for instance, is observed in anti-viral and -
bacterial immune responses and approximated in immunogenic cancers carrying a 
high number of somatic mutations. This hypothesis, however, does not preclude the 
pursuit of strategies aimed at priming tumour-specific T cell responses or at 
modulating the inflammatory environment of tumours. Amongst these, the use of 
biomolecules corresponding to neoantigens in a therapeutic vaccination setting is a 
safe approach to elicit tumour-specific T cell responses (Carreno et al., 2015; Keskin 
et al., 2019; Ott et al., 2017). Alternatively, T cell transfer therapies can be developed 
based on the identification of autologous, neoantigen-specific T cells that can then be 
cultured in vitro and administered back to patients (Tran et al., 2016; Tran et al., 2014). 
While these approaches can lead to a systemic and local increase of tumour-specific 
T cells, they might fail to counteract the suppressive microenvironment of some 
tumours, dominated by Tregs, M2 macrophages, or cancer-associated fibroblasts. To 
counteract this, the boosting of inflammatory signals for instance by the use of 
oncolytic viruses (Ribas et al., 2018) or chemo-(Vincent et al., 2010) and radio-therapy 
(Aboudaram et al., 2017) can lead to the rewiring of the cancer microenvironment into 
an inflammatory profile. The latter approach might be particularly useful for rectal 
cancer patients that already undergo neoadjuvant treatment with chemo- and/or radio-
therapy as part of the clinical management of this disease. Finally, the specific 
targeting of immune suppressive pathways, such as TGF-β in the CMS4 molecular 
subtype, is an attractive avenue to be explored in combination with checkpoint 
blockade therapies.  

6. Concluding remarks 
Colorectal cancer is a fascinating model for the study of cancer genetics and 
immunology. The causal association between mutational processes and anti-tumour 
immune responses profoundly impacts a patient’s clinical prognosis and response to 
(immuno-) therapies (Figure 1). Fast-paced technological advances are expected to 
considerably deepen our knowledge of this disease in the coming years by supporting 
a shift of focus towards the entire genome as a source of immunogenic antigens, the 
discovery of novel immune cell subsets with prognostic and clinical relevance, or the 
development of genetic engineering approaches that allow the precise targeting of 
tumour cells. As we reach a plateau in the success of checkpoint blockade therapies, 
we can feel confident that the immune system is yet to provide novel and effective 
solutions for the management of colorectal cancer and other cancers. 
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