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Abstract  
Oesophageal adenocarcinoma (OAC) is a disease with an incredibly poor survival rate 

and a complex makeup. The growth and spread of OAC tumours are profoundly 

influenced by their surrounding microenvironment and the properties of the tumour 

itself. Constant crosstalk between the tumour and its microenvironment is key to the 

survival of the tumour and ultimately the death of the patient. The tumour 

microenvironment (TME) is composed of a complex milieu of cell types including 

cancer associated fibroblasts (CAFs) which make up the tumour stroma, endothelial 

cells which line blood and lymphatic vessels and infiltrating immune cell populations. 

These various cell types and the tumour constantly communicate through 

environmental cues including fluctuations in pH, hypoxia and the release of mitogens 

such as cytokines, chemokines and growth factors, many of which help promote 

malignant progression. Eventually clusters of tumour cells such as tumour buds break 

away and spread through the lymphatic system to nearby lymph nodes or enter the 

circulation forming secondary metastasis. Collectively, these factors need to be 

considered when assessing and treating patients clinically. This review aims to 

summarise the ways in which these various factors are currently assessed and how 

they relate to patient treatment and outcome at an individual level. 
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Introduction  
Oesophageal cancer is the 7th most common cause of cancer-related deaths 

worldwide and represents a major global health burden [1]. The two main subtypes of 

oesophageal cancer are oesophageal squamous cell carcinoma (OSCC), which 

makes up 90% of all oesophageal cancers, and oesophageal adenocarcinoma (OAC). 

OSCC and OAC are biologically distinct entities, with OSCC resembling squamous 

carcinomas of other organs and OAC strongly resembling the chromosomally unstable 

variant of gastric adenocarcinoma associated with increased gene expression of 

ERBB2, VEGFA, GATA4 and GATA6 [2]. OAC, which is the focus of this review, 

occurs more commonly in developed countries and has an incidence that is rapidly 

rising [3]. OAC is an aggressive malignancy with poor prognosis and a 5-year survival 

rate of <20% indicating the need for early biomarker identification [1]. Barrett’s 

oesophagus, a preneoplastic tissue in which the squamous oesophageal epithelium 

is replaced by a columnar intestinal-type mucosa, often precedes OAC. It usually 

arises from repeated insults of acid and bile and chronic inflammation brought on by 

long-standing gastro-oesophageal reflux disease (GORD). Other risk factors for 

Barrett’s oesophagus include familial history, central visceral obesity, high BMI, male 

sex, smoking and dietary factors including high red meat consumption with low 

vegetable intake [4]. Standard treatment for locally advanced OAC includes 

neoadjuvant chemotherapy alone or in combination with radiation therapy followed by 

surgical intervention. Despite the use of multimodal therapy, only 20–30% of patients 

will experience a complete or partial response to therapy. This review will evaluate 

current prognostic markers in oesophageal adenocarcinoma, both favourable and 

adverse, and make recommendations on future directions for treatment. The markers 

discussed in the article highlight various features of the tumour microenvironment 

(TME) including the contribution of tumour cell specific traits and the contribution of 

individual subsets of immune cells and other cell populations to anti-tumour immunity, 

immunosuppression, tumour promoting inflammation, tumour proliferation,  resistance 

to apoptosis, metastasis and angiogenesis. Many of these features map to the 

hallmarks of cancer and a summary of the individual contributions of each biomarker 

to patient prognosis is summarised in (Table 1) and discussed further throughout the 

article. 
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Table 1. Prognostic biomarkers in OAC. 

Publication Year Marker 
Uni or 

Multivariate 
Survival HR CI P-Value Ref 

T-Cell Markers                 

Rauser et al.  2010 ↓CD3 Univariate OS 2.06 1.18-3.61 0.012 [5] 

Rauser et al.  2010 ↓CD3 Univariate DFS 1.96 1.13-3.39 0.016 [5] 

Zingg et al.  2010 ↑CD3 (Central) Univariate OS 0.53  0.33-0.84 0.008 [6] 

Zingg et al.  2010 ↑CD3 (Peripheral) Univariate OS 0.74 0.47-1.17 0.204 [6] 

Noble et al.  2016 ↑CD3 Univariate CSS 0.97 0.95-0.99 0.001 [7] 

Svensson et al.  2017 ↑CD3 Univariate OS 0.71 0.43-1.15 0.165 [8] 

Humphries et al.  2020 ↑CD3 Univariate OS 0.45 0.29-0.70 <0.001 [9] 

Schumacher et al.  2001 ↑CD8  Univariate OS 0.5 0.34-0.73 0.0004 [10] 

Zingg et al.  2010 ↑CD8 (Central) Univariate OS 0.44  0.27-0.69 <0.001 [6] 

Zingg et al.  2010 ↑CD8 (Peripheral) Univariate OS 0.79 0.50-1.24 0.313 [6] 

Dutta et al.  2012 ↑CD8 Univariate CSS 0.69 0.48-0.99 0.048  [11] 

Noble et al.  2016 ↑CD8 Multivariate OS 0.85 0.76-0.94 0.003  [7] 

Svenson et al.  2017 ↑CD8 Multivariate OS 0.98 0.54-1.29 0.354 [8] 

Humphries et al.  2020 ↑CD8 Univariate OS 0.49 0.32-0.76 0.001  [9] 

Zingg et al.  2010 ↑FOXP3 (Central) Univariate OS 0.65 0.40-1.05 0.079 [6] 

Zingg et al.  2010 ↑FOXP3 (Peripheral) Univariate OS 0.52 0.31-0.86 0.011 [6] 

Noble et al.  2016 ↑FOXP3 Univariate CSS 0.88 0.80-0.97 0.007 [7] 

Stein et al.  2017 ↑FOXP3 (Central) Multivariate OS  0.41 0.18-0.93 0.033 [12] 

Svensson et al.  2017 ↑FOXP3 Univariate OS 0.54 0.34-0.88 0.014  [8] 

Zingg et al.  2010 ↑CD25 (Central) Univariate OS 0.76  0.48-1.22 0.262 [6] 

Zingg et al.  2010 ↑CD25 (Peripheral) Univariate OS 1.07 0.68-1.69 0.775 [6] 

Zingg et al.  2010 ↑CD4 (Central) Univariate OS 0.74  0.47-1.16 0.187 [6] 

Zingg et al.  2010 ↑CD4 (Peripheral) Univariate OS 1.18 0.75-1.86 0.467 [6] 

Noble et al.  2016 ↑CD4 Univariate CSS 0.93 0.87-0.98 0.01 [7] 

Humphries et al.  2020 ↑CD4 Univariate OS 0.61 0.39-0.95 0.029  [9] 

Rauser et al. 2010 ↓CD45RO Multivariate OS 1.1  1.0-1.2 0.028  [5] 

Rauser et al.  2010 ↓CD45RO Multivariate DFS 2.0  1.0-4.0 0.048  [5] 

Humphries et al.   2020 ↑CD45RO Univariate OS 0.43 0.26-0.70 <0.001 [9] 

Immune Checkpoint Markers                 

Derks et al.  2015 ↑PD-1 Univariate OS 
1.89 1.38-2.6 

0.001 
[13] 

Kollmann et al.  2018 ↑PD-1 Univariate OS 
1.32 

1.04-1.69 
0.025 [14] 

Kollmann et al.  2018 ↑PD-1 Univariate DFS 
1.36 

1.07-1.72 
0.012 [14] 

Humphries et al.   2020 ↑PD-1 Univariate OS 
0.54 0.34-0.87 

0.010  
[9] 

Kollmann et al.  2018 ↑Tumour PD-1 Univariate OS 
1.28 1.09-1.51 

0.003 
[14] 

Kollmann et al.  2018 ↑Tumour PD-1 Univariate DFS 
1.2 1.03-1.40 

0.022 
[14] 

Loos et al.  2011 ↑PD-L1 Multivariate OS 
3.5 1.66-7.38 0.001 [15] 

Derks et al.  2015 ↑PD-L1 Univariate OS 
NR NR NR [13] 

Kollmann et al.  2018 ↑PD-L1 Multivariate OS 
0.75 0.57-0.99 

0.042 
[14] 

Humphries et al.   2020 ↑PD-L1 Univariate OS 
0.76 0.57-10.19 

0.067 
[9] 

Derks et al.  2015 ↑PD-L2 Univariate OS 
0.75 0.54-1.03 

0.078 
[13] 

Humphries et al.   2020 ↑ICOS Univariate OS 
0.54 0.35-0.83 

0.005 
[9] 
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Humphries et al.   2020 ↑IDO-1 Univariate OS 
0.95 0.79-1.14 

0.577 
[9] 

Svenson et al.  2017 ↑NKp46 Multivariate OS 0.49 0.28-0.86 0.012 [8] 

Fristedt et al. 2016 ↑CD20 Multivariate TTR 1.17 0.33-4.12 0.805 [16] 

Fristedt et al. 2016 ↑CD20 Multivariate OS 1.23 0.41-3.71 0.716 [16] 

Fristedt et al. 2016 ↑CD138 Multivariate TTR 1.63 0.49-5.31 0.426 [16] 

Fristedt et al. 2016 ↑CD138 Univariate OS 0.39 0.16-1.00 0.050 [16] 

Fristedt et al. 2016 ↑IGKC Multivariate TTR 0.15 0.03-0.71 0.017 [16] 

Fristedt et al. 2016 ↑IGKC Multivariate OS 0.1 0.02-0.57 0.009 [16] 

Dutta et al.  2012 ↑CD68 Multivariate CSS 1.49 1.02-2.18 0.041 [11] 

Jeremiasen et al. 2020 ↑CD68 Univariate OS 2.05 1.11-3.79 0.022 [17] 

Jeremiasen et al.   2020 ↑CD163 Univariate OS 1.86 0.94-3.68 0.073 [17] 

Jeremiasen et al. 2020 ↑Marco Univariate OS 1.43 0.45-4.56 0.547 [17] 

Dunne et al.   2017 ↓HLA-DR (Tumour Core) Univariate OS 2.18 1.11-4.29 0.024 [18] 

Dunne et al.  2017 ↓HLA-DR (Leading Edge) Multivariate OS 2.86 1.25-6.54 0.023 [18] 

Tumour Markers                 

Evangelou et al. 2008 ↑Ki67 Univariate DFS 3.76 0.99-11.68 0.05 [19] 

Falkenback et al. 2008 ↓Ki67 Univariate CSS 3.9 1.7-9.1 <0.001 [20] 

Dutta et al.  2012 ↑Ki67 Univariate CSS 1.46 1.01-2.12 0.048 [11] 

Jacobsen et al. 2020 ↑Ki67 Multivariate OS 1.71 1.18-2.48 0.004 [21] 

Cavazzola et al. 2009 ↑P53 Multivariate CSS 1.43 0.43-4.73 0.514 [22] 

Madani et al.  2010 ↑P53 Univariate OS 1.64 1.1-2.45 0.01 [23] 

Madani et al.  2010 ↑P53 Univariate DFS 1.74 1.17-2.61 0.03 [23] 

Kate et al.  2017 ↑P53 Multivariate DFS 2.6 1.57-4.32 0.001 [24] 

Kate et al.  2017 ↑P53 Multivariate OS 1.99 1.29-3.07 0.003 [24] 

Kate et al.  2017 ↓P53 Multivariate DFS 2.76 1.55-4.9 0.001 [24] 

Kate et al.  2017 ↓P53 Multivariate OS 2.17 1.33-3.55 0.003 [24] 

Melling et al.    2019 ↑P53 Multivariate OS 1.19 0.83-1.7 0.351 [25] 

Cavazzola et al.  2009 ↑VEGF-A Multivariate OS 0.37 0.1-1.44 0.115 [22] 

Prins et al.  2012 ↑VEGF-A Univariate CSS 1.9 1.22-2.96 0.005 [26] 

Kalinina et al.  2010 ↑IGF-1R Multivariate OS 1.58 NR 0.03 [27] 

Donohoe et al.  2012 ↑IGF-1R Univariate OS 1.7 0.96-3.01 0.027 [28] 

De Bruijn et al.  2015 ↓IGF-1R Multivariate DFS 0.81 0.55-1.20 NS [29] 

De Bruijn et al.  2015 ↓IGF-1R Multivariate OS 0.8 0.56-1.13 NS [29] 

Langer et al. 2011 ↑HER-2 Multivariate DFS 1.77 1.1-2.86 0.019 [30] 

Langer et al. 2011 ↑HER-2 Multivariate OS 1.71 1.05-2.79 0.032 [30] 

Yoon et al.  2012 ↑HER-2 Univariate OS 0.76 0.59-0.96 0.024 [31] 

Yoon et al.  2012 ↑HER-2 Univariate DFS 0.79 NR 0.066 [31] 

Yoon et al.  2012 ↑HER-2 Multivariate OS 0.5 0.32-0.72 0.002 [31] 

Yoon et al.  2012 ↑HER-2 Multivariate DFS 0.54 0.35-0.84 0.0062 [31] 

Nagaraja et al.    2016 ↑HER-2 Univariate OS 0.63 0.09-3.3 0.6 [32] 

Langer et al. 2006 ↓EGFR Univariate OS 0.99 0.98-1.00 0.039 [30] 

Wang et al. 2007 ↑EGFR Univariate DFS 2.07 1.32-3.23 0.001 [33] 

Wang et al. 2007 ↑EGFR Univariate OS 1.93 1.24-3.02 0.004 [33] 

Ong et al.  2013 ↑EGFR Univariate OS 1.52 1.03-2.26 0.04 [34] 
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Ong et al.  2013 ↑EGFR Univariate OS 0.83 0.66-1.04 0.1 [34] 

Ong et al.  2013 ↑EGFR Univariate OS 1.41 0.05-1.91 0.02 [34] 

Ong et al.  2013 ↑EGFR Univariate OS 0.94 0.58-1.52 0.08 [34] 

Histopathological Features                 

Brown et al.  2010 ↑Tumour Budding Multivariate OS 1.48  1.15-1.91 0.0021 [35] 

Landau et al.  2014 ↑Tumour Budding Multivariate DFS 3.2 1.4-7.0 0.005 [36] 

Landau et al.  2014 ↑Tumour Budding Multivariate OS 3.3 1.5-7.4 0.004 [36] 

Thies et al.  2016 ↑Tumour Budding Multivariate OS 1.29 0.77-2.13 0.334 [37] 

Courrech Staal et al.  2010 ↓Tumour Stroma Ratio Multivariate OS 2.19 1.34-3.56 0.002 [38] 

Courrech Staal et al.  2010 ↓Tumour Stroma Ratio Multivariate DFS 2.38 1.46-3.89 0.001 [38] 

Courrech Staal et al.  2011 ↓Tumour Stroma Ratio Multivariate OS 2.04 1.16-4.33 0.042 [39] 

Schoppmann et al.    2013 ↑D2-40+ CAFs Multivariate DFS 1.7 1.04-2.76 0.034 [40] 

Schoppmann et al.   2013 ↑D2-40+ CAFs Multivariate OS 1.84 1.1-3.1 0.021 [40] 

Underwood et al.  2015 ↑α-SMA+ CAFs Multivariate OS 7.1 1.7-29.4 0.016 [41] 

Birner et al. 2011 ↑CAIX (Hypoxia) Multivariate OS 1.88 1.07-3.27 0.027 [42] 

Birner et al. 2011 ↑CAIX (Hypoxia) Multivariate DFS 1.84 1.11-3.08 0.019 [42] 

CI, Confidence Interval; CRT, classification and regression tree-based cut-off; CSS, Cancer-Specific Survival; DFS, Disease-

Free Survival; HR, Hazard Ratio; NA, Not Applicable; NR, Not Reported; OS, Overall Survival; ROC, Receiver Operator Curve.  

Immune Markers 

T-Cell Infiltration 
In OAC high infiltration of CD3, CD4, CD8, CD45RO and FOXP3+ lymphocytes have 

been correlated with favourable outcomes [7–9,43,44]. This reflects what has been 

observed in other cancer types (with the exception of FOXP3+ infiltration). In other 

cancer types, high infiltration of FOXP3+ Tregs is generally associated with poor 

survival as a result of FOXP3+ Treg-mediated tumour immunosuppression and 

angiogenic reprogramming [45]. However, some discordance has been reported and 

the favourable association in OAC may indicate a more ambiguous role for FOXP3+ 

Tregs. For example, some reports have also indicated that FOXP3 may localise in the 

cytoplasm and the ratio of cytoplasmic vs nuclear FOXP3+ cells may have prognostic 

value and reflect Treg functioning [46]. Furthermore, FOXP3 expression in 

oesophageal tumour cells and adjacent tissues has been reported and may also be 

prognostically relevant [47]. The mere presence of such cells however may not always 

be indicative of a potential outcome. The relative abundance/ratio of Tregs to other 

infiltrating immune cell populations including B-cells, NK cells, cells from myeloid 

lineages and other T-cell subsets may be more indicative of the overall state of a 

patient’s immune response and ultimately their outcome. Stein et al. [12] found that 

that the combination of CD3+CD8+FOXP3+ tumour infiltrating lymphocytes (TILs) was 

an independent favourable prognostic factor for overall survival (OS) while Rauser et 

al. [5] found that patients with high densities of CD3+CD8+CD45RO+ cells exhibited 

improvements in both disease-free survival (DFS) and OS compared to patients with 

low densities. This is very much in line with other cancers such as colorectal cancer, 

where prognostic signatures such as the immunoscore developed by Galon et al. [48], 

have been shown to outperform routine staging systems.
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Immune checkpoint proteins  
Immune checkpoint proteins are key regulators of the immune system and are vital in 

protecting the host during an immune reaction to foreign antigens [44,49]. Broadly 

speaking, they serve to modulate T-cell responses to self-proteins preventing 

autoimmunity. However, they also contribute to the regulation of the immune response 

toward infectious agents and tumour antigens. It is widely known that tumours are 

antigenic and stimulate an immune response via the alteration of endogenous proteins 

that mark cancer cells as non-self. Such immune checkpoint pathways can be 

exploited by developing tumours as a mechanism of immune evasion towards tumour-

antigen specific T-cells [50–52]. Evidence suggests that the composition of the 

immune response, the compartment that immune cell infiltrates occupy (stromal or 

intratumoural) and the absence/presence of tumour checkpoint molecules and other 

immune surface receptors (such as HLA molecules) all influence the immune 

response directed against the tumour and ultimately, the outcome of the patient. This 

has led to the assessment of immune cell infiltrates, as candidates for prognostic 

biomarkers [18,53,54].  

For the immune system to eliminate foreign antigens whilst maintaining self-tolerance, 

the effectors of the immune response must adhere to highly regulated processes of 

activation [55]. Autoreactive lymphocytes are damaging due to their ability to initiate 

an immune response against self-tissues, resulting in the development of autoimmune 

disorders. Most self-reactive cells are eliminated in the thymus, bone marrow or the 

peripheral lymphoid tissue; however, a small number of these cells can escape and 

so must be constrained via several mechanisms including T-cell anergy, suppression 

and apoptosis [56,57]. These mechanisms are regulated by a number of T-cell surface 

receptors that ultimately determine cell fate; the receptor programmed death 1 (PD-1) 

and its ligands PD-L1 and PD-L2 are important mediators of immune tolerance as 

signalling from this pathway suppresses the immune response against autoantigens 

[57,58]. This immunosuppressive pathway can be exploited by tumours enabling the 

progression and development of the disease; many tumours express PD-1 ligands in 

response to the presence of inflammatory cytokines which prevents an immune 

response and allows the cancer cells to survive, a process known as adaptive immune 

resistance [44,59]. The relationship between PD-L1 and other checkpoint markers and 

clinical outcome in OAC has been investigated in a small number of studies, although 

some disparity has been reported. Two OAC studies by Derks et al. [13] and Kollman 

et al. [14] reported that the expression of PD-1 on both TILs and tumour cells 

correlated with poor outcome in OAC patients while Humphries et al. [9] found that the 

presence of PD-1+ TILs correlated with favourable outcome. Humphries et al. [9] also 

examined the immune checkpoint markers IDO-1 and ICOS. With IDO-1 no prognostic 

association was identified. ICOS however was predictive of enhanced OS on log rank 

analysis. Furthermore CD45RO/ICOS co-expression was found to be an independent 

prognostic factor for improved OS. The relationship between the PD-L1 sister receptor 

PD-L2 and clinical outcome has also been examined in a small number or studies. 

Derks et al. reported a favourable association between PD-L2 expression and 
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outcome [13]. While Kollmann et al. [14] reported that PD-L2 was only occasionally 

expressed on cancer cells or TILs and found no prognostic value for PD-L2. PD-L2 

has been shown to correlate with poor survival and inversely correlate with CD8+ TIL 

infiltration in OSCC [60]. Kollmann et al. [14] reported that high expression of PD-L1 

is favourably prognostic while Humphries et al. [9] reported a favourable although non-

significant trend. Loos et al. [15] however reported that PD-L1 expression in OAC was 

unfavourably prognostic. This may be due to several factors including differences in 

the cohort sizes and treatment regimens, and differences in the methods of detection 

and scoring methods (Table 2). Precise clinical thresholds set by pathologists and the 

presence of intrinsic macrophage staining may also have contributed to these 

discordant results. Differences in staining patterns/expression between different 

antibody clones has also been reported [61]. In addition, the use of tissue microarrays 

may not always adequately relay the complex heterogeneity of the oesophageal 

cancer microenvironment. 

Table 2. OAC prognostic biomarker study details comparison 

Publication Year Marker n 
Antibody 

Clone 
Dilution 

TMA 

Study 
Scoring System Cut-off 

% 

Positive 
Treatment Ref 

T-Cell Markers            

Rauser et al. 2010 CD3 99 SP7 1:100 Yes 

IHC, Digital 

Analysis; Samba 

Technologies 

>0.9 

Labelling 

indices 

57.6% Surgery [5] 

Zingg et al. 2010 CD3 (Central) 105 A0452 1:50 No 
IHC, Manual; 

Count, 1HPF 

Median 

Count 
NR Surgery [6] 

Zingg et al. 2010 CD3 (Peripheral) 105 A0452 1:50 No 
IHC, Manual; 

Count, 1HPF 

Median 

Count 
NR Surgery [6] 

Noble et al. 2016 CD3 128 NR NR Yes 
IHC, Manual; 

Count, 3HPFs 

Median 

Count 
50.7% 

Surgery, 

nCT+Surgery 

(n=76) 

[7] 

Svensson et al. 2017 CD3 97 2GV6 Neat Yes 

IHC, Digital 

Analysis; Halo, 

Indica Labs 

CRT 41.2% Surgery [8] 

Humphries et al. 2020 CD3 145 3GV6 Neat Yes 
IHC, Digital 

Analysis; QuPath 
ROC 55.2% nCT+Surgery [9] 

Schumacher et al. 2001 CD8 37 YTC182.20 NR No 
IF, Manual; Count, 

10HPFs 

>50 cells 

in 3HPFs 
21.6% Surgery [10] 

Zingg et al. 2010 CD8 (Central) 105 C8/144B 1:50 No 
IHC, Manual; 

Count, 1HPF 
Median 48.6% Surgery [6] 

Zingg et al. 2010 CD8 (Peripheral) 105 C8/144B 1:50 No 
IHC, Manual; 

Count, 1HPF 
Median 49.5% Surgery [6] 

Dutta et al. 2012 CD8 98 C8/144B 1:100 Yes 

IHC, Digital 

Analysis; SlidePath, 

Leica 

Tertiles NA 

nCT+Surgery+/-CT 

(n=45), Surgery+/-

CT (n=53) 

[11] 

Noble et al. 2016 CD8 128 4B11 NR Yes 
IHC, Manual; 

Count, 3HPFs 
Median 52.3% 

Surgery, 

nCT+Surgery 

(n=76) 

[7] 

Svenson et al. 2017 CD8 96 C8/144B 1:50 Yes 

IHC, Digital 

Analysis; Halo, 

Indica Labs 

CRT 40.6% Surgery [8] 

Humphries et al. 2020 CD8 145 C8/144B 1:50 Yes 
IHC, Digital 

Analysis; QuPath 
ROC 51.7% nCT+Surgery [9] 
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Zingg et al. 2010 FOXP3 (Central) 105 12-5773 1:50 No 
IHC, Manual; 

Count, 1HPF 
Median 43.8% Surgery [6] 

Zingg et al. 2010 
FOXP3 

(Peripheral) 
105 12-5773 1:50 No 

IHC, Manual; 

Count, 1HPF 
Median 41.9% Surgery [6] 

Noble et al. 2016 FOXP3 128 NR NR Yes 
IHC, Manual; 

Count, 3HPFs 
Median 53.1% 

Surgery, 

nCT+Surgery 

(n=76) 

[7] 

Stein et al. 2017 FOXP3 (Central) 111 236A/E7 1:100 Yes 

IHC, Digital 

Analysis; Aperio 

ImageScope, Leica 

Median 45% Surgery [12] 

Svensson et al. 2017 FOXP3 98 236A/E7 1:200 Yes 

IHC, Digital 

Analysis; Halo, 

Indica Labs 

CRT 45.9% Surgery [8] 

Zingg et al. 2010 CD25 (Central) 105 MS1088 1:10 No 
IHC, Manual; 

Count, 1HPF 
Median NR Surgery [6] 

Zingg et al. 2010 
CD25 

(Peripheral) 
105 MS1088 1:10 No 

IHC, Manual; 

Count, 1HPF 
Median NR Surgery [6] 

Zingg et al. 2010 CD4 (Central) 105 MS1528 1:40 No 
IHC, Manual; 

Count, 1HPF 
Median 55.2% Surgery [6] 

Zingg et al. 2010 CD4 (Peripheral) 105 MS1528 1:40 No 
IHC, Manual; 

Count, 1HPF 
Median 54.2% Surgery [6] 

Noble et al. 2016 CD4 128 NR NR Yes 
IHC, Manual; 

Count, 3HPFs 
Median 51.6% 

Surgery, 

nCT+Surgery 

(n=76) 

[7] 

Humphries et al. 2020 CD4 144 SP35 Neat Yes 
IHC, Digital 

Analysis; QuPath 
ROC 44.4% nCT+Surgery [9] 

Rauser et al. 2010 CD45RO 110 UCHL1 1:1200 Yes 

IHC, Digital 

Analysis; Samba 

Technologies 

>2 

Labelling 

indices 

84.5% Surgery [5] 

Humphries et al. 2020 CD45RO 132 UCHL1 1:2000 Yes 
IHC, Digital 

Analysis; QuPath 
ROC 37.1% nCT+Surgery [9] 

Immune Checkpoint 

Markers 
           

Derks et al. 2015 PD-1 349 EH33 NR Yes 
IHC, Manual; 

Positivity 

Any 

positivity 
59.8% Surgery [13] 

Kollmann et al. 2018 PD-1 168 AF1086 1:20 No 
IHC, Manual; 

%Positivity, 4HPFs 

Any 

positivity 
81% 

Surgery, 

nCT/nCRT+Surgery 

(n=63) 

[14] 

Humphries et al. 2020 PD-1 129 NAT105 Neat Yes 
IHC, Digital 

Analysis; QuPath 

Any 

positivity 
46.5% nCT+Surgery [9] 

Kollmann et al. 2018 Tumour PD-1 168 AF1086 1:20 No 
IHC, Manual; 

%Positivity, 4HPFs 

Any 

positivity 
77.4% 

Surgery, 

nCT/nCRT+Surgery 

(n=63) 

[14] 

Loos et al. 2011 PD-L1 101 B7-H1 1:50 Yes 
IHC, Manual, 

Intensity x Positivity 
≥4 36.6% Surgery [15] 

Derks et al. 2015 PD-L1 349 405.9A11 1:50 Yes 
IHC, Manual, 

Intensity & Positivity 
≥5% 1.7% Surgery [13] 

Kollmann et al. 2018 PD-L1 168 E1L3N 1:25 No 
IHC, Manual; 

%Positivity, 4HPFs 

Any 

positivity 
43.5% 

Surgery, 

nCT/nCRT+Surgery 

(n=63) 

[14] 

Humphries et al. 2020 PD-L1 127 SP263 Neat Yes 
IHC, Digital 

Analysis; QuPath 
>1% 61.4% nCT+Surgery [9] 

Derks et al. 2015 PD-L2 349 366C.9E5 1:2500 Yes 
IHC, Manual; 

Intensity & Positivity 

≥50% 

Moderate 

Staining 

51.7% Surgery [13] 

Humphries et al. 2020 ICOS 142 D1K2T 1:400 Yes 
IHC, Digital 

Analysis; QuPath 
ROC 70.4% nCT+Surgery [9] 
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Humphries et al. 2020 IDO-1 140 D5J4E 1:400 Yes 
IHC, Digital 

Analysis; QuPath 

Any 

positivity 
58.5% nCT+Surgery [9] 

Svenson et al. 2017 NKp46 94 NR NR Yes 
IHC, Manual; Cell 

Count 
CRT 39.3% Surgery [8] 

Fristedt et al. 2016 CD20 31 L26 Neat Yes 
IHC, Manual; 

Intensity x Positivity 
Median 45.7% Surgery [16] 

Fristedt et al. 2016 CD20 37 L26 Neat Yes 
IHC, Manual; 

Intensity x Positivity 
Median 45.7% Surgery [16] 

Fristedt et al. 2016 CD138 32 MI15 Neat Yes 
IHC, Manual; 

Intensity x Positivity 
Median 46.4% Surgery [16] 

Fristedt et al. 2016 CD138 38 MI15 Neat Yes 
IHC, Manual; 

Intensity x Positivity 
Median 46.4% Surgery [16] 

Fristedt et al. 2016 IGKC 32 A019 1:40,000 Yes 
IHC, Manual; 

Intensity x Positivity 
Median 45.1% Surgery [16] 

Fristedt et al. 2016 IGKC 38 A019 1:40,000 Yes 
IHC, Manual; 

Intensity x Positivity 
Median 45.1% Surgery [16] 

Dutta et al. 2012 CD68 98 PG-M1 1:200 Yes 

IHC, Digital 

Analysis; SlidePath, 

Leica 

Tertiles NA 

Surgery+/-CT 

(n=53), 

nCT+Surgery+/-CT 

(n=45) 

[11] 

Jeremiasen et al. 2020 CD68 93 KP1 1:1000 Yes IHC; Manual ≥2 17.2% 
Surgery, 

Surgery+CRT (n=8) 
[17] 

Jeremiasen et al. 2020 CD163 94 10D6 1:200 Yes IHC; Manual ≥2 12.8% 
Surgery, 

Surgery+CRT (n=8) 
[17] 

Jeremiasen et al. 2020 Marco 93 HPA063793 1:250 Yes IHC; Manual ≥2 4.3% 
Surgery, 

Surgery+CRT (n=8) 
[17] 

Dunne et al. 2017 
HLA-DR 

(Tumour Core) 
70 TAL 1B5 1:1000 Yes 

IHC, Manual; % 

Positivity 
≥50% 58.5% Surgery [18] 

Dunne et al. 2017 
HLA-DR 

(Leading Edge) 
41 TAL 1B5 1:1000 Yes 

IHC, Manual; % 

Positivity 
≥50% 48.7% Surgery [18] 

Tumour Markers            

Evangelou et al. 2008 Ki67 35 MIB1 1:100 No 
IHC, Manual; % 

Positivity 
≥35% NR Surgery [19] 

Falkenback et al. 2008 Ki67 59 MIB1 1:1000 No 
IHC, Manual; % 

Positivity 
>10% 85% Surgery [20] 

Dutta et al. 2012 Ki67 98 MIB1 1:50 Yes 

IHC, Digital 

Analysis; SlidePath, 

Leica 

Tertiles NA 

Surgery+/-CT 

(n=53), 

nCT+Surgery+/-CT 

(n=45) 

[11] 

Jacobsen et al. 2020 Ki67 312 SPM171 1:150 Yes 
IHC, Manual; % 

Positivity 
>80% 5.1% 

Surgery, 

nCT/nCRT+Surgery 

(n=30) 

[21] 

Cavazzola et al. 2009 P53 38 DO7 1:100 No 
IHC, Manual; % 

Positivity 
>10% 52.2% Surgery [22] 

Madani et al. 2010 P53 142 DO7 1:50 No 
IHC, Manual; % 

Positivity & Intensity 
2-8 33.8% Surgery [23] 

Kate et al. 2017 P53 204 BP53-11 Neat No 
IHC, Manual; % 

Positivity 
>60% 55.9% Surgery [24] 

Kate et al. 2017 P53 204 BP53-11 Neat No 
IHC, Manual; % 

Positivity 
<1% 26.5% Surgery [24] 

Melling et al. 2019 P53 314 DO1 1:3600 Yes 
IHC, Manual; % 

Positivity & Intensity 

>70% 2+, 

>10% 3+ 
45.9% 

Surgery, 

nCT/nCRT+Surgery 

(n=30) 

[25] 

Cavazzola et al. 2009 VEGF-A 38 A-20 1:400 No 
IHC, Manual; % 

Positivity 
>30% 47.8% Surgery [22] 

Prins et al. 2012 VEGF-A 143 AF293NA 1:50 Yes 
IHC, Manual; 

Intensity 
≥ 1 62.9% Surgery [26] 
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Kalinina et al. 2010 IGF-1R 133 NR NR Yes 
IHC, Manual; 

Intensity 

>50% 

≥2+ 
67.7% Surgery [27] 

Donohoe et al. 2012 IGF-1R 161 AF-305-NA 1:150 Yes 
IHC, Manual; 

Intensity x Positivity 

Any 

positivity 
73.9% 

Surgery, 

nCRT/nCT+Surgery 

(n=72) 

[28] 

De Bruijn et al. 2015 IGF-1R 270 NR NR Yes 
IHC, Manual; % 

Positivity & Intensity 

>10% 

Intense 

Staining 

47% 

Surgery, 

nCRT/nCT+Surgery 

(n=72) 

[29] 

Langer et al. 2011 HER-2 110 4B5 Neat Yes 
IHC, Manual; 

Intensity 
3+ 28.9% Surgery [30] 

Yoon et al. 2012 HER-2 708 HercepTest Neat No 
IHC, Manual; % 

Positivity & Intensity 
≥2+ 16.8% 

Surgery, 

Surgery+CT/CRT  

(n=88) 

[31] 

Yoon et al. 2012 HER-2 240 HercepTest Neat No 
IHC, Manual; % 

Positivity & Intensity 
≥2+ 23.3% 

Surgery, 

Surgery+CT/CRT  

(n=88) 

[31] 

Nagaraja et al. 2016 HER-2 125 4B5 Neat Yes 
IHC, Manual; % 

Positivity & Intensity 
≥2+ 11.2% 

Surgery +/-CT, 

nCT+Surgery 

(n=27) 

[32] 

Langer et al. 2006 EGFR 132 31G7 1:60 Yes 
IHC, Manual; % 

Positivity & Intensity 

>10% 

≥1+ 
54.5% Surgery [30] 

Wang et al. 2007 EGFR 103 31G7 NR Yes 
IHC, Manual; % 

Positivity & Intensity 
>5% ≥2+ 32% 

Surgery, 

Surgery+CRT 

(n=15) 

[33] 

Ong et al. 2013 EGFR 359 EGFR.113 1:10 Yes 
IHC, Manual; 

Intensity 
≥2+ 10% Surgery [34] 

Ong et al. 2013 EGFR 663 EGFR.113 1:10 Yes 
IHC, Manual; 

Intensity 
1 NR 

Surgery, 

nCT+Surgery 

(n=55) 

[34] 

Ong et al. 2013 EGFR 663 EGFR.113 1:10 Yes 
IHC, Manual; 

Intensity 
2 NR 

Surgery, 

nCT+Surgery 

(n=55) 

[34] 

Ong et al. 2013 EGFR 663 EGFR.113 1:10 Yes 
IHC, Manual; 

Intensity 
3 NR 

Surgery, 

nCT+Surgery 

(n=55) 

[34] 

Histopathological 

Features 
           

Brown et al. 2010 Tumour Budding 287 N/A N/A No 
H&E, Manual; 

Count 
≥5 77.7% 

Surgery, 

nCT+Surgery 

(n=115) 

[35] 

Landau et al. 2014 Tumour Budding 194 N/A N/A No 
H&E, Manual; 

Count 

≥3 20X 

budding 

fields 

28.4% Surgery [36] 

Thies et al. 2016 Tumour Budding 162 AE1/AE3 1:200 No 
IHC, Manual; 

Count, 10 HPFs 

Median 

Count 
50.6% Surgery [37] 

Courrech Staal et al. 2010 
Tumour Stroma 

Ratio 
93 NA NA No 

H&E, Manual; % 

Positivity 
≥50% 64.5% Surgery [39] 

Courrech Staal et al. 2011 
Tumour Stroma 

Ratio 
81 NA NA No 

H&E, Manual; % 

Positivity 
≥50% 85.2% Surgery [39] 

Schoppmann et al. 2013 D2-40+ CAFs 200 760-4395 Neat No 
IHC, Manual; % 

Positivity 
>10% 22% 

Surgery, 

nCT+Surgery 

(n=68) 

[40] 

Underwood et al. 2015 α-SMA+ CAFs 183 M085129-2 NR No 
IHC, Manual; % 

Positivity & Intensity 

≥5% 

Moderate 

Staining 

93% NR [41] 

Birner et al. 2011 CAIX 182 NR NA No 
IHC, Manual; 

Intensity x Positivity 
Median 46.7% Surgery [42] 

H&E, Haematoxylin & Eosin; HPF, High Powered Field; IF, Immunofluorescence; IHC, Immunohistochemistry; NA, Not Applicable; nCT, 

Neoadjuvant Chemotherapy; nCRT, Neoadjuvant Chemotherapy; NR, Not Reported 
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Technological innovations such as the use of multiplex immunofluorescence and 

digital pathology may however increase the diagnostic accuracy of current PD-L1 

testing methods and help overcome some of these issues. Conflicting reports relating 

to PD-L1 upregulation and outcome may also be due to the mechanism by which the 

associated change in expression occurs. Increased PD-L1 expression in OAC may be 

the result of activation of oncogenic signalling pathways (referred to as “innate immune 

resistance”) or the result of attack from infiltrating immune cells within the TME as a 

protection and self-preservation mechanism (referred to as ‘‘adaptive immune 

resistance”) [62]. In the case of innate immune resistance, if there is a considerable 

immune response then PD-L1 upregulation alone may not be sufficient to restrain the 

tumoricidal activity of infiltrating lymphocytes and hence may highlight a tumour 

destruction signature as opposed to an aggressive immunosuppressive signature as 

with adaptive immune resistance. Furthermore, PD-L1 expression can be induced in 

response to hypoxia [63], chemotherapy or radiation therapy [64]. The situation is 

further complicated by the fact that PD-L1 is secreted by tumour cells in exosomes 

[65]. Few studies have assessed checkpoint inhibitor status at both the pre-and post-

treatment stages which is increasingly important as multimodal therapy is now 

standard of care for OAC. A recent study by Turkington et al. [66] identified that CD8 

TIL infiltration and PD-L1 were upregulated in an OAC cohort following neoadjuvant 

chemotherapy and correlated strongly with a DNA damage signature which was 

associated with favourable prognosis.  

PD-L1/PD-1 expression and TIL infiltration are important in assessing responses to 

checkpoint therapy. Results from recent Phase III Keynote and Javelin trials for gastro-

oesophageal tumours have found that a PD-1 targeted therapy (Pembrolizumab) in a 

PD-L1+/HER2- population and a PD-L1 targeted therapy (Avelumab) in advanced 

metastatic gastric cancer/gastric oesophageal junction cancer patients, respectively 

did not improve survival compared to chemotherapy [67,68]. While the ongoing Phase 

III Checkmate-648 trial has found promising results with combined CTLA4-targeted 

(Ipilimumab) and PD-1-targeted (Nivolumab) therapy with final results of the trial 

eagerly anticipated [69]. The failure of some of these trials may be the result of a lack 

of consideration for the underlying tumour biology.  

TIL infiltration is an important feature to assess in conjunction with PD-L1 expression, 

as tumour regression after PD-L1/PD-1 blockade requires the presence of pre-existing 

CD8+ T cells. In addition, marked infiltrations of immune suppressor cells such as 

FOXP3+ regulatory T cells and M2 macrophages have been associated with PD-L1 

expression in both tumour cells and immune cells [70]. Various studies have proposed 

stratifying patients into different categories based on PD-L1 expression patterns and 

the presence or absence of TILs. Also given the ubiquitous expression of PD-L1 on 

tumour, stromal and immune cells, accurate quantification of tumour expression of PD-

L1 is essential. An example of the expression patterns of PD-L1 found in an OAC 

biopsy infiltrated by CD3+ TILs can be observed in (Figure 1).  
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Figure 1. T-cell infiltration and PD-L1 expression in an OAC biopsy. An OAC biopsy was multiplex stained for 

the T-cell marker CD3 (Cyan), the immune checkpoint marker PD-L1 (Red), the epithelial/tumour cell marker pan-
cytokeratin (Green) and counterstained with hoescht to highlight cell nuclei. PD-L1 expression can be observed on 
both pan-cytokeratin positive tumour cells (Indicated in yellow due to marker co-expression) and pan-cytokeratin 
negative stromal cells. CD3 positive T-cells can also be observed throughout the stroma and in close proximity to 
the tumour epithelial cells. Note: further details on the immunostaining protocol and image acquisition can be found 
in the methods section. 

As highlighted by Galon et al. [49], developers of the immunoscore, an immune-based 

scoring system for CRC, there are various considerations to be made before 

checkpoint inhibitors should be prescribed. Cancer treatment is very much context-

dependent, as is the choice to administer immune checkpoint inhibitor (ICI) therapy 

and the potential benefits patients receive from these treatments. Galon et al. [49] 

recently highlighted in their review that the absence/presence, location and nature of 

the infiltrating immune system is of importance when assessing whether a patient will 

benefit from ICI therapy. In this review, they categorised tumours into four distinct 

classifications: cold, altered/excluded, immunosuppressed and hot (Figure 2). 

Considering these classifications in the context of OAC, it is clear why there have been 

conflicting reports as to the relationship between checkpoint molecules and patient 

prognosis. Another important consideration for ICI therapy is the timepoint of 

checkpoint inhibitor therapy that should be administered. With multimodal therapies 

including CRT regimens becoming more common for treatment of OAC. Patients who 

receive chemotherapy/radiotherapy/chemo-radiotherapy (CT/RT/CRT) regimens can 

become immunocompromised due to systemic damage to bone marrow and the 

consequent reduction in the production of white blood cells as a result of these types 

of therapies. Such therapies are also likely to be toxic to local immune cell populations 

in addition to tumour cell populations [71,72]. Clinicians also need to be aware of 

potential immune-related adverse events which can arise following administration of 

ICIs [73]. At present, it is unclear whether checkpoint therapies only benefit patients 

with a functional anti-tumour response, whether there is a benefit to giving patients 

these types of therapies upfront with CT/RT/CRT regimens, or whether they should be 

given at a later follow up stage once immune functioning has sufficiently recovered 

[74]. The emergence of new tools for the examination of the tumour immune 
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microenvironment such as multiplex immunofluorescence, sophisticated image 

analysis software and other systems capable of mining genomic data sets to estimate 

the degree of immune cell infiltration, will also help to guide the future of immune-

based therapies and give us further insight into the importance of the immune system 

in patient cancers [75–79]. 

 

 

Figure 2.Tumour immune cell classification and potential benefit from ICI therapy.  Note: Adapted from Galon 

et al. [49]. 

Natural Killer Cell and B-Cell Infiltration  
In OAC, only a single study could be identified which examined the prognostic 

relevance of B-cells. In this study by Fristedt et al. [16] a favourable correlation was 

observed between CD20+, CD138+ and IGKC+ B-cell infiltration and patient outcome  

[16]. Insights from studies in other cancers indicate that the formation of tertiary 

lymphoid structures by B-cells within the tumour is key to their ability to combat cancer 

and serves to prime infiltrating T-cell populations [80]. Studies examining NK cell 

infiltration in cancers have generally examined CD57 or NKp46 expression [81,82]. 

CD57 is a marker of terminal differentiation and highlights mature highly cytotoxic NK 

cell populations. NKp46 is an NK cell receptor which plays a key role in antigen 

COLD: Non-inflamed/inflamed tumours with
the absence of identifiable immune infiltrate
either at the border or within the tumour core.

ALTERED/EXCLUDED: Displays evidence of a
mounted T-cell response at the tumour border,
which is physically hindered from infiltrating
deep into the tumour and mounting an
effective anti-tumour response.

IMMUNOSUPPRESSED: Low levels of tumour
immune infiltration indicating that they are not
hindered by any physical barriers yet the low
level of immune cell infiltration suggests that
they are unable to expand and generate an
effective anti-tumour immune response.

HOT: Contains a high degree of cytotoxic T-cell
infiltration and exhibits activation of various
checkpoint molecules including PD1, CTLA4,
TIM3 and LAG3.
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recognition, motility and cytotoxic synapse formation in NK cells. High infiltration of 

NKp46+ NK cells has been correlated with favourable survival and other disease 

characteristics in OAC [8]. While high infiltration of CD57+ NK cells has been shown to 

correlate with improved OS in OSCC patients (HR=0.597, 95% CI=0.392–0.908) [83]. 

Activated NK cells display elevated glucose metabolism to provide the necessary 

energy for protein biosynthesis and sustained immune functioning. This includes the 

production of cytotoxic granules, IFN-γ and energy for contractile movement within the 

TME. In the TME, the scarcity of resources such as glucose may cause NK cells to 

become metabolically impaired and inhibit their tumouricidal capabilities. They also 

require essential amino acids such as glutamine, arginine and tryptophan which may 

be consumed by the tumour cells themselves or stromal cells and other infiltrating 

immune cell populations. High levels of circulating lipids including free fatty acids may 

also lead to further metabolic impairment of NK cells. This may be particularly true for 

patients with high levels of visceral obesity [84]. 

Tumour Associated Macrophages (TAMs) 
Tumour-associated macrophages (TAMs) contribute to tumour growth and 

progression by promoting tumour proliferation, angiogenesis and EMT and through 

suppression of the antitumor immune response [85]. M1 macrophages are generally 

considered pro-inflammatory and tumouricidal. They are characterised by the release 

of pro-inflammatory cytokines and chemokines such as IL-6, IL-1β, IL-12, TNF-α and 

a high capacity for antigen presentation mediated by enhanced HLA-DR expression. 

M2 macrophages decrease inflammation and encourage wound repair and are 

thought to be pro-tumourigenic as a result of their immunosuppressive function and 

ability to promote angiogenesis and extracellular remodelling. TAMs may also 

suppress T-cell function through the secretion of enzymes such as nitric-oxide 

synthase (iNOS) and arginase and through surface expression of ligands for PD-1 and 

CTLA-4. Most macrophages within the TME are of the M2 phenotype and polarise due 

to the release of IL-4, IL-13 and glucocorticoids. M2 Macrophages are typically 

detected in tissue by the surface expression of CD163 and CD204. While M1 

macrophages are typically defined by surface expression of CD40, CD80, iNOS or 

HLA-DR [85,86]. CD68 which is highly expressed on the majority of macrophages and 

considered a pan-macrophage marker is frequently examined in various studies along 

with other markers in order to determine M2:M1 macrophage ratios in tissue which 

has important prognostic implications, in addition to, the location and overall density 

of TAM infiltration [87–89] (Figure 3). 

The presence of elevated numbers of CD163+ M2 macrophages, in particular, have 

been shown to be associated with poor clinical outcome including poor response to 

CRT and immunotherapy, metastasis, shorter time to recurrence, reduced patient 

survival and advanced stage of disease in numerous cancer types including OAC 

[89,90]. CD163 can also become expressed on tumour cells in response to TAM 

stimulation, rendering cells more resistant to therapy-induced apoptosis and causing 

them to adopt a more metastatic mesenchymal phenotype [91]. Cao et al. [89] found 
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that OAC patients with high numbers of M2 macrophages or a high ratio of M2-M1 

macrophages in either the tumour centre or tumour edge was associated with reduced 

OS. Nodal positive patients also exhibited a significantly higher M2-M1 ratio than nodal 

negative patients. Dutta et al. [11] found that high levels of CD68 infiltrate was an 

independent unfavourable prognostic indicator. Levels of CD68 infiltrate also 

correlated directly with tumour CD8 infiltrate, Ki67 proliferation index and tumour 

grade. The authors concluded that while both lymphocytes and macrophages were 

generally increased together it is likely that the balance of these inflammatory cells is 

what determines whether or not there is tumour progression. Jeremiasen et al. [17] 

found that high levels of infiltration of CD68+ and CD163+, but not MARCO+, 

macrophages was unfavourably prognostic for OS in a treatment naïve mixed cohort 

of gastric and oesophageal adenocarcinomas upon log rank and univariate cox 

regression analysis. High infiltration of CD68+ macrophages was also found to be an 

independent unfavourable prognostic factor. Due to their various tumour promoting 

properties TAMs represent a potential target for new immune therapies, their 

elimination from within patient tumours or reprogramming towards an M1 phenotype 

that has tumoricidal activity is an area which prompts further investigation.  

 
Figure 3. Macrophages present within an OAC biopsy. An OAC biopsy was multiplex stained for CD68 (Yellow) 

to detect M1 macrophages, CD163 (Red) to stain M2 macrophages, the epithelial/tumour cell marker pan-
cytokeratin (Green) and counterstained with hoescht to highlight cell nuclei. Both subsets of macrophages can be 
observed throughout the stroma and near tumour epithelial cells. Note: further details on the immunostaining 
protocol and image acquisition can be found in the methods section. 

Tumour Associated Neutrophils (TANs) 
TANs typically express CD66b, CD15 and CD11b proteins, which can be utilised for 

their identification in patient samples using flow cytometry or immunohistochemistry 

(IHC). They may also express additional surface markers such as HLA-DR, CD14, 

CD206 and CCR-7 [92]. In recent years it has been proposed that TANs should be 

classified into N1 and N2 types depending on the inflammatory milieu they produce. 

N2 cells are pro-tumorigenic and promote tumour progression through the release of 

several mediators including MMP9 and vascular endothelial growth factor (VEGF), 
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which promote angiogenesis, T-cell suppression via arginase-1 and promotion of 

epithelial-to-mesenchymal transition (EMT)/invasion via MMPs, serine proteases, 

TGF-β, HGF and oncostatin M. TANs may also help facilitate immunosuppression 

through their interactions with various other immune cell populations including B-cells, 

dendritic cells and NK cells. They have also been shown to associate with circulating 

tumour cells (CTCs) and promote their proliferation [93], and the formation of the pre-

metastatic niche [94]. However, N1 cells may enhance anti-tumour responses by 

facilitating antibody-dependent cell death, particularly in patients treated with 

monoclonal antibody therapies. The use of TGF-β blockade therapy has also been 

shown to revert N2 pro-tumorigenic neutrophils back to the more favourable N1 type. 

Administration of granulocyte colony-stimulating factor (G-CSF) or granulocyte-

macrophage colony-stimulating factor (GM-CSF), which not only prolongs neutrophil 

lifespan but also causes a significant increase in neutrophil numbers, which in some 

cases may enhance N1 mediated tumour cytotoxicity [95]. A high neutrophil to 

lymphocyte ratio (NLR) or significant difference in NLR between pre and post-

treatment blood samples has been associated with more advanced stage/invasive 

tumours, lymph node metastasis, poor survival and response to CT and RT regimens 

in many solid tumours including OSCC [96]. Only a handful of small studies have been 

performed in OAC with varying results [97–99]. However high NLR is also an indicator 

for poor prognosis in those with gastric adenocarcinoma [100], which may indicate a 

similar unfavourable association with OAC given their similar underlying biology. 

Furthermore, neutrophils have been shown to promote oesophageal cell line 

proliferation and invasion in vitro through the release of TGF-α, PDGF and VEGF 

[101]. Patients with high NLRs are also less likely to respond to checkpoint inhibitor 

therapies such as Ipilimumab [102], while the release of neutrophil extracellular traps 

might also promote tumour associated thrombi and metastasis [103]. Therefore, 

neutrophil depletion or reprogramming strategies should be factored into patient 

management if patients exhibit high pre-treatment NLRs or surrogate markers for 

neutrophil extracellular traps such as neutrophil elastase or myeloperoxidase. 

Growth Factors and Receptors  

HER2/EGFR 
HER2 and its sister receptor, EGFR contribute to tumour aggressiveness by activating 

downstream signalling pathways such as RAS/RAF/MAPK, PI3K/AKT, JAK-STAT and 

NFκB pathways which transduce extracellular signals to mediate various cellular 

processes including cell differentiation, proliferation, apoptosis and cell adhesion 

among others [104]. According to the recent TCGA (the cancer genome atlas) study, 

EGFR is mutated in 19% and 15% of OSCC and OAC cancers, respectively. While 

HER2 is altered in ~32% of OACs, but only in 3% of OSCCs In addition to EGFR 

mutations, OSCC tumours also exhibit mutations in PIK3CA, PTEN and PIK3R1. All 

of these proteins activate the PI3K/AKT pathway in 24% of tumours, which means this 

pathway and associated upstream receptors are potentially important targets for OAC 

therapy [2]. EGFR-STAT signalling has also been shown to be activated in response 

to bile acids in both Barrett’s oesophagus and OAC [105]. Receptor ligands EGF and 
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TGF-α are also reportedly overexpressed in Barrett’s oesophagus, OAC and OSCC 

[106]. An interesting study by  Ong et al. [34] found that an IHC biomarker panel 

including EGFR, TRIM44 and SIRT2 was an independent predictor of OS (HR,=1.20, 

95% CI: 1.03-1.40, p=0.02) in a large validation cohort of 666 OAC patients. EGFR 

alone on univariate cox regression analysis was also unfavourably prognostic for OS 

in the discovery cohort in patients with an intensity score of ≥2+ while patients in the 

validation cohort with a score of 2+ exhibited a significant reduction in OS compared 

to patients in any other intensity score category (0, 1+,3+). Wang et al. [33] examined 

EGFR in a mixed cohort of oesophageal and oesophagogastric junction 

adenocarcinomas and found a significant correlation between EGFR expression and 

advanced stage of disease, lymph node metastasis. EGFR expression also was 

correlated with shorter DFS and OS in univariate analysis with a trend toward a 

correlation between EGFR expression and DFS (HR=1.54, 95% CI: 0.97-2.44, p=0.07) 

and OS (HR=1.51, 95% CI: 0.95-2.39, p=0.08) in multivariate analyses. One 

discordant report by Langer et al. [30] found that a lack of EGFR expression correlated 

with poorer survival on univariate analysis however only tumour stage and lymph node 

involvement were shown to have an association with patient survival on multivariate 

analysis. In OSCC EGFR positivity has also been associated with reduced OS, lymph 

node metastasis and depth of invasion [107]. In OAC reports on HER2 overexpression 

and prognosis have been conflicting. With some articles correlating HER2 

overexpression with poor prognosis [30,108], others a favourable association [31,109] 

and one study reporting no prognostic impact [32]. Yoon et al. [31] found that HER2 

overexpression was an independent favourable prognostic factor for both DFS and 

OS but only in tumours also containing Barrett’s oesophagus. An interesting study by 

Reichelt et al. [110] found that 100% concordance between HER2 status in the primary 

and metastatic tumours in 84 matched pairs suggesting that HER2 positive cells may 

play a central role in metastasis. Patients with HER2 positive tumours may therefore 

benefit from HER2-targeted therapy and the potential inhibition of tumour metastasis. 

An example of HER2 expression patterns in OAC tissue can be observed in (Figure 

4). The recent TOGA trial utilised the HER2-targeted therapy, trastuzumab (Herceptin) 

which was shown to give a small but significant survival advantage to patients with 

HER2+ gastro-oesophageal adenocarcinomas [111]. An ongoing Phase III trial 

(NCT01196390) using the CROSS-treatment protocol with or without the addition of 

trastuzumab is currently underway and may give further insight into the relevance of 

HER2/EGFR targeted therapy for HER2+ OAC patients. Several therapies are 

available which target EGFR and HER2, which are broadly classified as either 

EGFR/HER2 neutralising monoclonal antibodies or tyrosine kinase inhibitors (TKIs). 

Monoclonal antibody therapies targeting EGFR/HER2 include nimotuzumab, 

cetuximab, matuzumutab, panitumumab, pertuzumab and trastuzumab, which bind to 

receptor extracellular domains acting as competitive inhibitors for potential ligands and 

preventing receptor dimerisation and activation of downstream signal transduction. 

TKIs such as gefitinib, erlotinib, lapatinib and dacomitinib prevent ATP-mediated 

transphosphorylation of receptor intracellular tyrosine kinase domains following 

EGFR/HER2 receptor homo/heterodimerisation. This, in turn, blocks recruitment of 
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phosphotyrosine-binding proteins and activation of downstream signal pathways that 

regulate tumour cell proliferation, angiogenesis, invasion and survival [104]. Response 

to therapy also depends largely on the presence of other underlying mutations such 

as those that can occur in KRAS, BRAF, PIK3CA and PTEN genes, which activate 

signalling proteins downstream of EGFR/HER2 and are unaffected by EGFR 

monoclonal antibodies or tyrosine kinase inhibitors [104]. Therefore, mutation 

screening in future clinical trials will be important.  

 
Figure 4. HER2 expression in an OAC resection (A) and an OAC biopsy (B). An OAC biopsy was stained for 

HER2 (Orange) and counterstained with hoescht to highlight cell nuclei. Strong HER2 expression can be observed 
in the gastric type epithelial cells present within both the OAC resection and the OAC biopsy. 
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IGF-1R  
Insulin-like growth factor receptor 1 (IGF-1R) is one of three receptors including IGF-

2R and the Insulin receptor in the IGF signalling axis which also involves two ligands 

IGF-1 and IGF-2 and six high-affinity IGF-binding proteins, IGFBP-1-6. IGF-1R is a 

tyrosine kinase receptor which mediates proliferation, invasion and cell survival by 

activating PI3K/AKT and other downstream pathways [112]. After ligand binding and 

activation, IGF-1R undergoes internalisation as a means of desensitisation before 

being recycled back to the plasma membrane. Internalised IGF-1R is also capable of 

translocating to the nucleus and activating gene expression. The IGF network is 

frequently dysregulated in cancer patients and elevated serum levels of IGF-1 have 

been linked to cancer risk [113] while overexpression of IGF-1R is reported in a range 

of solid tumours [114]. Elevated cytoplasmic IGF-1R has also been shown to be an 

independent predictor of biochemical recurrence post radiotherapy in prostate cancer 

patients implicating IGF-1R in radioresistance [115]. Overexpression of IGF-1R may 

be one of the key molecular events that occurs during the progression of Barrett’s 

oesophagus to adenocarcinoma [116]. Macdonald et al. [117] identified that obese 

patients with the polymorphic G1013A variant of the IGF-1R gene which is known to 

modulate serum IGF-1 levels [118] had a significantly higher risk of developing both 

Barrett’s oesophagus and OAC. This polymorphism may modulate IGF-1R function, 

possibly by influencing gene transcription or mRNA stability and leading to IGF-1R 

overexpression[119]. IGF-1R overexpression can occur as a result of mutations in 

tumour suppressors including P53, BRCA1, VHL and WT1 [112]. In a study by Doyle 

et al. [120] serum IGF-1 was found to be significantly enhanced in OAC patients 

compared to patients with Barrett’s oesophagus or normal healthy controls & 

significantly enhanced in OAC patient with high levels of visceral obesity suggesting 

that visceral adipose tissue influences serum IGF-1 levels. Exogenous IGF-1 was also 

shown to enhance proliferation in OAC cell lines in a dose-dependent manner. Reports 

on the association between tissue expression of IGF-1R and survival in OAC have 

been mixed. De Bruijn et al. [29] found that absence or low expression of IGF-1R was 

associated with high grade and advanced tumours, less radical resections and 

decreased OS but not decreased DFS on univariate analysis. Doyle et al. [120]  found 

no association between IGF-1R expression in tissue samples and obesity status, 

tumour stage, nodal status, or survival, however, they noted that in both OAC and 

SCC sections, increased levels of IGF-1R expression were observed in tumour cells 

within islets and at the invasive edge compared with tumour-associated stromal cells, 

this coincided with increased levels of CD68+ macrophages which are a known source 

of IGF-1 secretion and likely aid the growth of IGF-1R+ positive tumours. A study by 

Donohoe et al. [28] found a significant association between elevated IGF-1R and DFS. 

High IGF-1R expression was also significantly elevated in viscerally obese patients 

and correlated with OS on univariate analysis. Finally Kalinina et al. [27] found that 

elevated IGF-1R was an independent poor prognostic indicator for OS.  Kalinina et al. 

[27] also found a strong correlation between HER2 expression and IGF-1R expression 

in their cohort and that co-targeting of both IGF-1R and HER2 was more effective in 

inhibiting in vitro proliferation than treatment with either agent alone. IGF-1R -targeted 
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therapy appears to sensitise cancer cells to various therapies by inhibiting non-

homologous end-joining and homologous recombination [112]. However, attempts to 

target IGF-1R in patients has thus far proven unsuccessful. The IGF-1R -targeted 

therapy, figitumumab was withdrawn from a stage III clinical trial for non-small-cell lung 

carcinoma as it failed to meet its OS endpoint [121]. This may have been due to a lack 

of specificity of the targeted therapy or the presence of specific gene mutations 

although exceptional responders were reported. Dual receptor/pathway targeting or 

targeting of downstream effector molecules such as PI3K may therefore be required 

to boost therapeutic outcomes for OAC patients [122].  

VEGF and VEGFR 
VEGF family members stimulate the creation of new blood vessels by binding to their 

target tyrosine kinase receptors on endothelial cells stimulating endothelial cell 

proliferation, altering vascular permeability and activating enzymes involved in 

extracellular matrix degradation [123]. Typically, the term “VEGF” is used to refer to 

VEGF-A which is the prototypical member of the family and the target of 

avastin/bevacizumab treatment. VEGF-A serum levels are significantly increased in 

OAC and OSCC patients, compared to normal controls [124]. VEGF-A is also known 

to be frequently mutated in OAC [2]. VEGF-A serum levels also decrease following 

surgery but not following neoadjuvant therapy suggesting that elevated VEGF-A levels 

in OAC patients may be due to other cell types present in the TME such as TAMs, 

which are potent producers of VEGF-A in response to hypoxia and TGF-β [124]. 

Elevated VEGF levels could also be attributed to the deregulation of regulatory 

microRNAs [125,126]. Cheng et al. [127] also found that elevated VEGF-A serum 

levels were poor prognostic and predictive indicators for OSCC patients undergoing 

neoadjuvant CRT [127]. Two studies were identified where VEGF was assessed by 

IHC in OAC patients [22,26]. Prins et al. [26] found that VEGF was an unfavourable 

prognostic factor on log rank and univariate cox regression analysis however this lost 

significance when adjusted for other factors on multivariate analysis. While, Cavazzola 

et al. [22] found no prognostic association for VEGF. The mutational landscape of a 

patient may also influence expression levels of VEGF family members, which have 

been shown to be elevated in patients with c-myc amplification and P16 or P53 

mutations. With the exception of avastin, a number of other therapeutics (including 

trebananib, pazopanib, nintedanib, cediranib, sunitinib, and sorafenib, which have 

been designed to target VEGF/VEGF receptors pathways) when administered 

therapeutically have been able to improve progression-free survival in target groups 

in clinical trials [128]. Clinical trials examining the effect of avastin or VEGFR inhibitors 

in combination with chemotherapy in gastric and oesophageal cancers (AVAGAST, 

MRC ST03, RAINBOW and REGARD trials) have shown a small increase in OS. 

However such treatment options should be considered carefully, as they are only likely 

to benefit patients with high blood vessel density [129]. Targeted therapies such as 

these are likely to stabilise leaky tumour vessels allowing more effective delivery of 

chemotherapeutic agents. VEGF-C is another member of this family whose elevated 

levels in serum in OAC patients has been shown to correlate with poor prognosis, 
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including reduced OS, DFS and other negative disease parameters including 

increased blood vessel density, lymphovascular invasion (LVI) and lymph node 

metastasis [130,131]. Xie et al. [132] and colleagues found that tissue expression of 

VEGF-C was an independent unfavourable prognostic factor for DFS in a cohort of 

gastro-oesophageal junction adenocarcinomas (HR=3.491, 95% CI: 2.156-5.652, 

p<0.0001). VEGF-C appears to be a potent promoter of lymphangiogenesis. VEGF-C 

stimulation of new lymphatic vessels and alterations in the plasticity of existing vessels 

likely helps to facilitate the metastatic dissemination of local tumours to nearby lymph 

nodes. Studies in OAC cell lines also indicate that VEGF-C may directly influence OAC 

cell proliferation rates and their migratory capacity further highlighting the importance 

of VEGF-C in oesophageal pathogenesis [126]. VEGF-C secreted by both M2 

macrophages and OAC cell lines has been shown to directly stimulate the growth of 

lymphatic vessels in vitro, an effect that is abolished using siRNAs specifically 

targeting VEGF-C or its receptor [133].  

Histopathological Features  

Tumour Budding  
Tumour buds are defined as detachments of small clusters of tumour cells consisting 

of as little as 1-4 cells, devoid of any glandular structure and typically found at the 

invasive cell margin but also at the tumour core (Figure 5) [134]. They are associated 

with an EMT or stem-like phenotype and have been shown to be capable of 

autonomous movement characterised by the presence of podia that express P-

glycoprotein at points of attachment to mesenchymal elements [135]. Activation of the 

Wnt pathway and subsequent nuclear translocation of β-catenin and activation of the 

transcription factor, Tcf are thought to be key molecular events during tumour budding. 

Pathway activation in tumour buds results in differential expression of numerous 

proteins including increased expression of N-cadherin, vimentin and fibronectin, 

laminin 5γ2, VEGF, matrix metalloproteinase (MMP)-2, MMP-7, p16, cyclin D1, 

urokinase-like plasminogen activator receptor, CD44, cyclooxygenase-2, aldehyde 

dehydrogenase-1, ATP-binding cassette subfamily G5, tenascin-C and reduced 

expression of apoptotic protease activating factor-1, E-cadherin, Cdx2, and occludin 

[135,136]. These small cell clusters arguably represent what one could call true cancer 

stem cells and are likely metastatic precursor tumour cells that have the potential to 

invade nearby blood vessels and enter the circulation. Such cells have the potential to 

cause secondary tumours if not eradicated. A standardised scoring system for the 

reporting of tumour budding was proposed in 2016 [137]. The recommendation was 

that haematoxylin and eosin (H&E) stained slides are scored in one hotspot at 20x 

magnification in a field measuring 0.785 mm2 at the invasive tumour front. It is 

recommended that a four-tier system be used alongside budding count in order to 

facilitate risk stratification. The density of tumour buds should be assigned into four 

groups: no budding (BD 0), 0 buds; low budding (BD 1), 1-4 buds; intermediate 

budding (BD 2), 5-9 buds; and high budding (BD 3), ≥ 10 buds. Tumour bud status 

should be routinely assessed as part of the clinical workup as it gives important 

prognostic information and most importantly, has been shown to out-perform routine 
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staging systems in colorectal cancer [138]. In both OAC and OSCC the presence of 

tumour buds is correlated with several negative disease parameters including 

reductions in OS and DFS, TNM staging and lymphatic, blood and perineural invasion 

[37,139]. The spatial relationships between tumour buds and infiltrating immune cell 

populations also appear to be crucially important. Previous work by Nearchou et al. 

[140] identified that the presence of infiltrating lymphocytes or macrophages in the 

invasive tumour margins correlates with tumour bud counts within those regions. In 

OAC Thies et al. [37] found that high intratumoural budding but not peritumoural 

budding at the invasive front was a significant unfavourable prognostic factor on log-

rank analysis, however, this did not remain prognostic on multivariate analysis. Brown 

et al. [35] found that tumour budding at the invasive front in a mixed cohort of 

oesophageal and gastro-oesophageal junction adenocarcinomas was an independent 

unfavourable prognostic factor. Landau et al. [36] found that tumour budding at the 

invasive front was an independent predictor of lymph node metastasis and an 

unfavourable prognostic indicator for both DFS and OS in stage 1 OAC patients. 

 
Figure 5. Tumour buds within an OAC Biopsy. An OAC biopsy containing pockets of tumour buds. Overview 

images of the biopsy stained with Haematoxylin and Eosin (H&E) (A) and immunofluorescent stained for pan-
cytokeratin (green) (C). Corresponding higher magnification H&E (B) and immunofluorescent images (D) of  tumour 
buds within the region highlighted by the red box.   
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Lymphovascular Invasion and Density  
The lymphatic system continually samples the local immune environment of a target 

organ providing a unidirectional network of channels which traffic the immune cell 

populations present in lymph fluid to nearby lymph nodes. All lymph trafficked through 

collecting lymphatic vessels passes through several sequential lymph nodes prior to 

collection in the thoracic duct. They then subsequently return to the venous circulation 

at the junction of the jugular and subclavian veins [141]. These channels provide an 

easy route of escape for cancer cells. As such lymph node metastasis is factored into 

major staging systems for almost every solid tumour including those in OAC. 

Lymphnodectomy is also a standard procedure in most surgical treatments for cancer 

and removal of lymph nodes is also a significant prognostic indicator for disease 

outcome and recurrence [142]. Furthermore, lymphovascular density (LVD) and LVI 

are typically recorded in pathology reports and strongly correlate with lymph node 

positivity. Increased LVD may be a result of local promotion of lymphangiogenesis by 

various secreted growth factors including members of the hepatocyte growth factor, 

insulin-like growth factor, platelet-derived growth factor, VEGF and angiopoietin family 

members produced by tumour cells themselves as well as by immune and stromal cell 

populations. Binding of these secreted factors to their cognate receptors on the 

endothelial cell surface stimulates cell proliferation and lymphatic vessel sprouting, 

causing the vessels to grow deeper into the tumour core allowing greater access by 

adjacent tumour cells while also increasing the force of lymphatic drainage rates. This 

increases the likelihood of LVI and dissemination to nearby lymph nodes. They also 

dilate and alter the vascular permeability of pre-existing vessels enhancing potential 

from tumour cell extravasation [141]. High LVD and LVI have been associated with 

poor patient prognosis including increased tumour size, stage, nodal status, distant 

metastasis, response to radiotherapy, the development of disease recurrence and 

reduced survival in a range of different cancers including both OAC and OSCC (OS, 

HR=1.64, CI=1.44–1.87, RFS, HR=1.79, CI=1.38–2.34) [143]. LVD is typically 

assessed using the monoclonal antibody D2-40, which recognises the mucin-like 

glycoprotein, podoplanin, which is absent on vascular endothelial cells (Figure 6) 

[144]. 
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Figure 6. Blood and lymphatic vessels within an OAC resection. An OAC resection was multiplex stained for 

CD105 (Yellow) to highlight blood vessels, D2-40 (red) lymphatic vessels, the epithelial/tumour cell marker pan-
cytokeratin (Green) and counterstained with hoescht to highlight cell nuclei. Note: further details on the 
immunostaining protocol and image acquisition can be found in the methods section. 

Perineural Invasion  
As well as providing a route for metastatic dissemination the nervous system also 

appears to provide a favourable environment for tumour growth. It may also pre-

dispose tumours in certain cancers for metastatic dissemination to the brain. The 

oesophagus is innervated by the vagus nerve and the cervical and thoracic 

sympathetic trunk, which facilitate relaxation or contraction of the upper and lower 

oesophageal sphincters. These are responsible for sensation and peristaltic 

contraction of the underlying fibromuscular tissue of the oesophagus, facilitating the 

passage of food between the mouth and the stomach. Nerves consist of cable-like 

bundles of axons and this interconnected network helps transduce signals from the 

brain to the muscles in order to facilitate contraction [145]. It has been shown that in 

vitro nerves (constituted from mouse dorsal root ganglia, human prostate cancer cells 

and stromal cells) can stimulate the proliferation of tumour cell lines and upregulate 

survival signalling pathways [146]. Furthermore, in patient samples, increased nerve 

counts in tumour regions were found when compared to normal tissue regions [146]. 

This suggests that tumours may stimulate nerve growth. This dynamic interaction likely 

plays a key role in the pathogenesis of growing tumours and ultimately, the outcome 

of the patient. In OAC and OSCC, perineural invasion (PNI) is reported as an 

independent prognostic and predictive factor [147,148]. Patients also reportedly 

experience increased levels of pain. PNI can be evaluated by normal H&E staining 
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and S100 protein detection. Despite mounting evidence, the impact of PNI on patient 

outcome is under-reported and standardised reporting systems need to be developed. 

The difficulty surrounding PNI in OAC and other cancer types is that it will not always 

be observable within pre-treatment biopsies or resections following treatment. 

However, if observed, PNI is also an important factor for individualised pain 

management. 

Tumour Stroma Ratio  
Stromal cells (specifically, connective tissue fibroblasts) are non-epithelial in origin and 

make up the greater bulk of an organ and help to connect/anchor epithelial cells to the 

underlying basement membrane. They essentially serve as a matrix in which other cell 

types including epithelial cells and endothelial cells are embedded. Stromal cells help 

to secure these various cell types in place, construct organs and spread mechanical 

tension to reduce localised stress [149]. In recent years the tumour stroma ratio (TSR), 

the proportion of tumour cells relative to the surrounding stroma, has been shown to 

have prognostic value in a range of different cancers including OAC [39,150,151]. 

Most studies have used a two-tiered system to stratify patients into TSR high (≥50%) 

and TSR low (<50%) categories. Typically, stromal-rich tumours are associated with 

poor disease outcome. This is thought to be due to the interplay between cancer-

associated fibroblasts (CAFs), which make up the tumour stroma and tumour cells and 

other cell types present in TME, which promote tumourigenesis and metastatic 

dissemination. Studies examining TSR in both OAC and OSCC support this [39,151]. 

Therefore, OAC and OSCC patients exhibiting high TSR scores will likely benefit from 

therapeutics strategies that target multiple critical signalling pathways between tumour 

and stromal cells. The particular phenotype of CAFs within the OAC TME may also be 

crucially important. In a study by Underwood et al. [41] OAC patients tumours 

containing CAFs with a myofibroblastic alpha-smooth muscle actin (α-SMA) positive 

phenotype had significantly poorer survival. Schoppmann et al. [40] found that OAC 

patients whose tumours contained CAFs with a D2-40 positive phenotype exhibited a 

significant reduction on both DFS and OS. 

Necrosis  
As tumours expand to outgrow their own blood supply, they leave behind a necrotic 

core as well as small discrete pockets of micronecrosis throughout the tumour bulk. 

The presence of tumour necrosis may play a potential role in tumourigenesis, as the 

necrotic cells and debris may be capable of activating surface receptors on growing 

tumour cells and generating an inflammatory microenvironment that supports tumour 

progression and dissemination, also dampening the anti-tumour functions of infiltrating 

immune cells [152]. A previous OAC-focussed study that utilised a 3-tiered scoring 

system failed to show prognostic significance. In this study, H&E slides were examined 

for the presence of large and small foci containing cells with some or all of the following 

features: condensation, darker staining, fragmentation or total loss of tumour cell 

nuclei, increased cytoplasmic eosinophilia, loss of cytological detail, granular 

eosinophilic debris or containing calcification [11]. This may reflect the fact that studies 

such as these only evaluate tumour micronecrosis, the larger extent of necrosis 
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(macronecrosis) within a patient’s tumour may be largely missed while tumour 

micronecrosis may vary largely between patients depending on the tumour block 

selected for sectioning. Large macronecrotic areas are avoided by pathologists during 

sampling and therefore are not available for IHC analysis. Such areas of the tumour 

would otherwise potentially not survive the embedding process and are often difficult 

to section using a microtome even when pre-treated with decalcifying agents.  

Hypoxia 
As cancer cells outgrow their own blood supply, they must adapt to low oxygen levels 

(hypoxia) to survive. This is usually achieved through the creation of new tumour blood 

vessels, activation of stress response genes, reduction in tumour proliferation rates 

and alterations in tumour cell metabolism in the presence of reduced levels of nutrients 

[153]. Hypoxia is said to be a key feature of most solid tumours with a surface area 

greater than 1 mm2. One of the most important transcription factors involved in hypoxia 

is hypoxia-inducible factor-1 (HIF-1). Over 100 genes are regulated by HIF-1, the 

protein products of which play key roles in angiogenesis, glucose metabolism, cell 

proliferation and survival [154]. HIF-1 binds to target genes at sites containing the 

sequence 5′-RCGTG-3′ known as the Hypoxia response element (HRE). The von 

Hippel-Lindau (VHL) tumour suppressor targets the HIF-1α subunit for degradation by 

the proteasome during normoxic conditions. Under hypoxic conditions, HIF-1 binds to 

the HRE under hypoxic conditions as a heterodimeric complex consisting of a HIF-1α 

and a constitutively expressed subunit HIF-1β. HIF-1α due to its specificity is 

frequently used as a biomarker for hypoxia. HIF-1α is frequently overexpressed in a 

number of cancers including OAC and has been associated with poor prognosis, 

tumour angiogenesis, metastases and poor response to therapy [155,156]. The 

elevated expression of a related hypoxia marker, carbonic anhydrase 9 (CAIX) has 

similarly been associated with unfavourable prognosis in OAC [157]. Hypoxic tumours 

show greater resistance to radiation therapy and chemotherapy [158–160] and are 

poorly infiltrated by immune cells [161] making them a major concern for treatment. 

Approaches such as the use of radio-sensitising agents which restore responses to 

CRT to levels normally observed under normoxic conditions may represent a viable 

strategy to overcome the effects of hypoxia [162]. Another reported anti-hypoxic 

therapy which may prove valuable as a radio/chemo-sensitizer is the use of hyperbaric 

oxygen therapy which also can serve to reduce inflammation, lymphoedema and other 

co-morbidities associated with CRT regimens in patients [163]. 

Markers of Cell Proliferation & Cell Cycle Regulation  

Ki67  
Ki67 is a marker of cellular proliferation and is expressed at all stages of the cell cycle 

with the exception of G0 and is overexpressed in numerous cancers due to increased 

cell proliferation [164,165]. The name is derived from the city of origin (Kiel, Germany) 

and the number of the original clone in the 96-well plate [166]. Functionally, Ki67 

appears to play a key role in regulating chromosomal stability during mitosis through 

acting as a steric and electrostatic charge barrier, preventing chromosomal collapse 
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after nuclear envelope disassembly, enabling independent chromosome motility and 

interaction with the mitotic spindle [167]. The MIB-1 antibody is commonly used to 

detect Ki67 in diagnostic laboratories. High levels of tumour cell positivity of MIB-

1/Ki67 is frequently associated with poor clinical outcomes in patients. A recent OAC 

study by Jacobsen et al. [21] found that a high Ki67 labelling index was an independent 

unfavourable prognostic factor for OS. Other OAC studies similarly have reported a 

correlation between a high Ki67 labelling index and cancer-specific survival (CSS) and 

DFS [11,19,20]. Although one discordant study by Falkenback et al. [20] found that 

low levels of Ki67 positivity (<10%) was unfavourably prognostic. Ki67 has also been 

shown to predict response to CRT regimens in both OAC and OSCC [168,169]. 

Recent advances in automated image analysis and international efforts to standardise 

scoring methods for Ki67 staining will likely help to further integrate Ki67 staining into 

patient management and precision medicine approaches for oesophageal cancer 

[170,171]. 

P53  
Mutations in the gene encoding p53 (TP53) occur in over 50% of human cancers, with 

loss of function mutations resulting in overexpression of a non-functional p53 mutant 

protein which is detectable through IHC [172]. The majority of p53 mutations occur 

within exons 5–9 and typically consist of single base-pair substitutions of nucleotides 

within the central DNA-binding domain of the TP53 gene, which is essential for its 

normal functioning as a transcription factor and regulator of cell cycle progression and 

apoptosis. Impaired p53 activity promotes the accumulation of DNA damage in cells 

without the induction of apoptosis. Commonly, p53 mutations appear to serve as a 

crucial early event in malignant transformation of Barrett’s oesophagus and dysplastic 

squamous lesions to OAC and OSCC, respectively [173,174]. In addition, mutational 

status and p53 overexpression in oesophageal tumours have been correlated with 

poor survival and poor response to CRT in both OAC and OSCC [24,25,175,176]. An 

interesting study by Kate et al. [24] found that both loss of P53 and overexpression of 

P53 correlated with poor prognosis compared to patients with heterogeneous wild type 

expression of P53 indicating the importance of normal functional P53 and the impact 

of different types of deleterious P53 mutations on patient prognosis. Furthermore, 

patients with serum autoantibodies directed against p53 also tend to have a poorer 

prognosis [177]. Pre-treatment screening for p53 mutations and the addition of 

compounds that selectively target p53 mutant tumours may improve the effectiveness 

of treatment regimens [178]. The p53 status also has important implications for ICI 

therapy as p53 is a known regulator of PD-L1 and mutation of p53 has been shown to 

increase PD-L1 expression in both tumour cells and immune cells [179]. Furthermore, 

p53 mutations can lead to impaired MHC class I expression on tumour cells, 

preventing the induction of a cytotoxic T-cell response compared to cells with non-

mutated p53 [180].  
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Digital Pathology and Machine Learning  
Machine learning is a subset of artificial intelligence that uses mathematical modelling 

to learn from data automatically (i.e. it has the ability to make decisions and predict an 

outcome from input data; [181]). Usually, machine learning algorithms require two 

datasets; training and testing sets formed from the original sample dataset that 

enables the algorithm to first learn the model before testing its efficiency [182]. 

Machine learning is now being utilised for everyday cancer care and provides critical 

clinical information such as risk grouping, treatment prognosis, survival and relapse 

estimates [181]. The combination of genetic, proteomic and structural markers with 

clinicopathological data and patient records can greatly improve the management of 

cancer. Studies incorporating machine learning into their analyses have reported an 

increase in prediction accuracy of approximately 15-25% [183]. In addition, machine 

learning has helped in elucidating the basic mechanisms of malignant progression 

[183]. OAC studies incorporating machine learning technology have resulted in the 

development of several models and algorithms capable of identifying biomarkers, 

assessing dysplasia, defining anatomical structures and predicting treatment and 

disease outcomes [184–186]. Machine learning methods such as deep learning and 

central neural networks have allowed for the improved detection and characterisation 

of OAC. More specifically, these methods have improved image analysis with 

enhanced image and video processing and increased sensitivity and specificity of in 

vitro image analysis progressing to real-time detection [187].  

Discussion and future perspectives  
As multimodal therapy is becoming standard of care for OAC, biomarkers which 

predict responses to therapy need to be at the forefront of OAC care management. 

Precision medicine necessitates that we not only give the right patient the right therapy 

but ensures patients do not receive treatments that will be of no benefit to them. 

Scientific and healthcare professionals have an ethical obligation to ensure that both 

patients and healthcare systems are not unnecessarily burdened with additional 

healthcare costs associated with certain treatments when relatively inexpensive 

genomic and proteomic biomarker tests are available. Furthermore, future clinical trials 

should not proceed unless they are guided by sound scientific evidence based on 

biomarker assessment and have a robust design. 

ICI therapies are becoming standard of care and their use in clinical trials has 

increased exponentially. It is therefore essential that as a minimum, checkpoint status 

and the level of immune cell infiltration is assessed to stratify patients based on 

tumour/immune cell classification ([49], in order to determine what type of immune 

therapy, if any, they should receive. In cases where patients have cold tumours or 

tumours unlikely to respond to ICI therapy, individuals may be considered for clinical 

trials involving CAR-T therapies and adoptive T-cell transfer or indeed non-immune-

targeting approaches for their treatment. 
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Future studies need to provide clarity on the relative importance of immune checkpoint 

markers and co-stimulatory molecules as the list has now expanded well beyond PD-

1/PD-L1 to include PD-L2, CD160, TIGIT, CTLA4, TIM3, LAG3, ICOS, VISTA, B7/H3 

OX40, GITR, 4-1BB and CD40 and the relative importance of co-expression of these 

markers on immune cell infiltrates and cancer cells. This will also help guide future 

clinical trials targeting these molecules individually or in combination. Clarity also 

needs to be provided on how immune therapies are used as part of multimodal 

treatment strategies. The limited studies available in OAC comparing pre-and post-

treatment samples and from cell line models indicate that many of these markers are 

upregulated in either immune cells or tumour cells, perhaps even as a stress response 

following CRT treatment. CRT regimens and post-treatment surgical procedures will 

also effectively wipe out local immune infiltrates. 

Genomic approaches are becoming increasingly affordable and should be considered 

for future diagnostics. In OAC, the mutational landscape (encompassing genes 

encoding p53, c-myc, p16 as well as others) is also important to consider for assessing 

responsiveness to CRT regimens and ICI therapy. Mutational assessment may also 

be useful to predict response to treatments involving growth factor receptor inhibitors 

such as those targeting IGFR1, EGFR and HER2. As mutations in the receptors 

themselves, as well as in downstream signalling components, can ultimately dictate 

how patients respond to these therapies. In such cases, strategies that circumvent 

resistance may need to be adopted [104]. 

Assessment of p53, p16 and Ki67 status through IHC can be performed as reliable 

established antibodies for these markers are available and have been utilised in 

routine histopathology labs for years for other cancers. Patients with highly 

proliferative tumours or those not expressing mutated p53 forms are likely to exhibit 

favourable responses to CRT. Issues regarding how to treat patients with slowly 

cycling and apoptotic-resistant tumours remain. Some of these patients may benefit 

from ICI therapy. Biomarkers which assess not only angiogenesis but 

lymphangiogenesis and are capable of distinguishing between the two will be 

important for future treatments. Future trials examining Avastin and similar compounds 

require to assess the extent of vascular density and invasion in patients and more 

effectively, evaluate the decision to give patients these types of therapies. By doing 

so the most appropriate patients for undergoing such treatments can be selected. 

Digital pathology allows for more complex analysis of the tumour architecture including 

histopathological features, immune infiltration and quantification of tumour biomarkers 

as highlighted in (Figure 7). 
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Figure 7. Image analysis performed using definiens tissue studio on an OAC biopsy. Different segmentation 

and classification algorithms were applied to the original image to separate tissue from background, detect and 
segregate regions of interest within biopsies such as tumour (red) from normal squamous epithelium and other 
non-malignant epithelial tissues. Stains such as hoescht and epithelial stains such as pan-cytokeratin can be used 
to simulate nuclei, cytoplasm and cells. Subpopulations can then be defined based on biomarker expression. 

With recent advancements in digital pathology, cutting-edge machine-learning and 

deep-learning algorithms, this technology is likely to be at the forefront of cancer 

diagnostics and will play a major role in the future. A challenge now for healthcare 

providers is to ensure that sufficient resources and training are in place for this new 

digital revolution and that concerns over data privacy (such as general data protection 

regulations in the European Union) are met and also that infrastructure for storage of 

extremely large healthcare data sets can be made available. 

The various markers reviewed within the article highlight many of the different 

hallmarks of cancer described by Hanahan and Weinberg [188], as highlighted in 

(Figure 8). Indeed, the hallmarks of cancer are essentially descriptors of the various 

traits observed within the TME and those which occur due to the various heterotypic 
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interactions between tumour cells and the various other cell types contained within it. 

Immunosupression is a key survival strategy for tumour cell longevity and is achieved 

either through the expression of surface markers such as the protein PD-L1, secretion 

of immunosuppressive factors and recruitment of pro-tumourigenic/ 

immunosuppressive immune cell subpopulations such as Tregs and TAMs and 

through alterations in cellular energy metabolism [188]. Tumour, stromal and immune 

cells are all effectively competing for the scare metabolic resources contained within 

the TME. Tumour cells alter their own metabolic state in response to hypoxia, 

mutations, and nutrient deprivation in order to sustain proliferative growth and spread, 

shifting to glycolytic Warburg metabolism which also contributes to 

immunosuppression through the production of lactate [189].  A lipid-based metabolism 

is being more frequently associated with metastatic cells. In such cases these cells 

are more effectively able to repair their cell membranes which aids their survival from 

circulatory sheer forces, increases their chance at successful extravasation at a distant 

site and primes the cells ability to build new cell membrane for cell division [190]. 

Though direct or indirect interactions via tunnelling nanotubes or paracrine signalling 

via exosomes and secreted factors tumour cells can also metabolically reprogram both 

stromal cells and immune cells to aid their survival and avoid immune surveillance 

[191]. This effectively causes functional exhaustion of anti-tumour immune cell 

populations while enhancing the growth of pro-tumourigenic immune cells and stromal 

cells. Tumour budding is a measure of those cells which are likely to invade and 

metastasise. Ki67 expression is indicative of tumour cells with enhanced/sustained 

proliferative signalling and replicative immortality with enabling signals conveyed by 

receptor tyrosine kinases such as IGF-1R and HER2 [192,193]. Such receptors can 

become overexpressed consequently enabling hyper-responses to low levels of 

growth factors, while mutations in these receptors can result in downstream pathway 

activation in the absence of ligand binding [104,114]. Mutations in other key tumour 

suppressor molecules such as P53 mutations allows tumour cells to evade cell cycle 

arrest, apoptosis and other programmes which negatively affect cell proliferation [188]. 

VEGF secretion may perhaps provide an effective measure of the 

angiogenic/lymphangiogenic potential of a tumour. Enhanced angiogenesis, 

dependent on the context may be favourable or unfavourable. While it can provide a 

potential route of spread, it may also facilitate enhanced delivery by chemotherapy 

agents to tumour cells. However, evidence suggests that cells which arise from 

hypoxic areas which have the greatest propensity for invasion and have a higher 

likelihood of survival within the circulation [194]. All of these various traits within the 

TME have important prognostic and predictive potential. The emergence of newer 

technologies such as multiplex immunofluorescence and digital pathology allows us 

not only to measure these factors but measure many of these factors simultaneously. 

Simultaneous measurement should be carried out in order to garner as much 

information possible from the TME and to allow informed clinical decision for the 

patient to be made. This is particularly true for biopsies and other samples where 

material is scarce. 
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Figure 8. Tumour Microenvironmental profiling: A measurement of the hallmarks of cancer. Many of the 

features present in the TME map to the various hallmarks of cancer and provide important prognostic information. 
Markers such as Ki67, HER2 and IGF-1R indicate the proliferative potential of tumours as well as providing targets 
for therapeutic exploitation. P53 highlights aggressive tumours with underlying mutations, which contain cancer 
cells that are highly resistant to apoptosis and normal mechanisms of tumour growth suppression. Markers such 
as VEGF, D2-40 and CD105 allow for thorough assessment of the blood and lymphatic density and potential for 
metastatic dissemination. While tumour budding is an effective measure of those cells with greater propensity to 
invade and metastasise and whose growth may be further enhanced or suppressed by other key features of the 
TME such as hypoxia, elevated numbers of stromal cells and the presence/absence of pro or anti-tumourigenic 
immune cell populations. Note: Image was created using biorender.com. 
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Methods 

Publication search criteria 
PubMed, Google scholar and science direct were queried to identify relevant studies 

using various search terms and combinations thereof including; oesophageal cancer, 

esophageal cancer, oesophageal carcinoma, esophageal carcinoma, oesophageal 

adenocarcinoma, esophageal adenocarcinoma, Barrett’s cancer, Barrett’s 

adenocarcinoma, Barrett’s adenocarcinoma of the esophagus, Barrett’s 

adenocarcinoma of the oesophagus OAC, CD163, CD68, tumour associated 

macrophages, macrophages, M1 macrophages, M2 macrophages, T-Cell infiltration, 

TIL infiltration, tumour infiltrating lymphocytes, CD3, CD8, CD4, CD45RO, FOXP3, 

cytotoxic T-cells, memory T-cells, helper T-cells, Tregs, regulatory T-cells, 

immunoscore, immunosuppression, tumour angiogenic reprogramming, tumour 

immune microenvironment,  TME, tumour stroma ratio, TSR, cancer associated 

fibroblasts, tumour budding, tumour buds, poorly differentiated clusters, PD-1, PD-L1, 

PD-L2, PD1, PDL1, PDL2, checkpoint inhibitors, immune checkpoint inhibitors, 

immune checkpoint markers, CD105, blood vessel invasion, D2-40, Podoplanin, 

lymphovascular invasion, LVI, lymphovascular density, LVD, perineural invasion, PNI, 

necrosis,HIF-1α, hypoxia inducible factor, CAIX, CA9, Carbonic Anhydrase 9, Ki67, 

Ki-67, IGF-1R, IGF, prognosis, patient outcome, survival, therapy response, radiation 

therapy, radiochemotherapy, chemotherapy, neoadjuvant therapy, prognostic 

biomarker, prognostic factor, predictive factor, predictive biomarker, CD20, CD138, 

IGKC, B-cell infiltration, NK cell infiltration, NKp46, CD57, NK cell metabolism, tumour 

associated neutrophils, neutrophils, granulocytes, CD66b, NLR, neutrophil 

lymphocyte ratio, HER2, EGFR, epidermal growth factor receptor, ErbB2, HER2/neu, 

PI3K, PI3K inhibitors, trastuzumab, Herceptin, VEGF, VEGFR, VEGF-A, VEGF-C, 

VEGF inhibitors,  p53, TP53, P53, P53 mutations, P53 overexpression, P53 

amplification, P53 targeted therapy. Tabulated IHC studies included those only from 

the last 20 years, where hazard ratios and other data was readily available and studies 

containing sufficient number of OAC patients.  

Immunohistochemistry and image generation 
OAC biopsies and resections were stained manually using Tyramide SuperBoost kits 

(Thermofisher) and primary antibodies directed against CD3, PD1, PDL1, CD68, 

CD163 and HER2, (Table 3). Slides were also stained with antibody directed against 

pan-cytokeratin (Pan-CK) which served as a tumour mask and counterstained with 

Hoescht for visualisation of cell nuclei. Slides were digitised using a Zeiss Axioscan 

Z1 whole slide scanner and image analysis was performed using Definiens Tissue 

Studio® Software. 
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Table 3. Antibody details 

Antibody Name Species Dilution Catalogue No. Supplier 

CD3 Rabbit 1:200 A045201-2 DAKO 

PD-1 Mouse 1:100 NAT105 Cell Marque 

PD-L1 Rabbit 1:150 13684S Cell Signalling Technology 

D2-40 Mouse 1:3000 M3619 DAKO 

CD68 Rabbit 1:3000 D4B9C Cell Signalling Technology 

CD163 Mouse 1:3000 MRQ-26 Cell Marque 

CD105 Mouse 1:500 ab114052 Abcam 

HER2 Mouse 1:500 ab16901 Abcam 

PanCK Mouse 1:150 Z062201-2 DAKO 

Hoescht - 1:20 H3570 Thermofisher 

 

Ethical approval 
Pre-treatment FFPE biopsies and resections were identified from the St James’s 

Hospital Upper Gastrointestinal biobank and used in downstream multiplex 

immunofluorescence experiments. Ethical approval was granted from the Tallaght/St 

James’s Hospital Research Ethics Committee (Reference 2011/27/01). 
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