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Body of article 
 
Modulation of co-inhibitory and co-stimulatory immune checkpoint pathway 

activity with antibody-based therapies has emerged as a promising anti-

cancer strategy. Although responses to such agents are limited to a modest 

fraction of treated patients, those deriving benefit have the potential for 

durable remissions and possibly even cure [1-8]. The identification of 

biomarkers predictive of response and resistance to such therapies therefore 

remains an area of high scientific priority.  

 

In humans, adoptive transfer of tumour-infiltrating lymphocytes (TILs) with 

concomitant administration of interleukin-2 (IL-2) mediates tumour regression 

in 34-40% of patients with advanced melanoma [9]. Efforts have been focused 

for some time on the characterisation of antigens recognised by TILs. 

Melanoma TILs have been demonstrated to recognise shared antigens on 

melanoma cell lines established from different patients, in a class I major-

histocompatibility complex (MHC)-restricted manner in vitro [10,11]. The first 

gene identified to code for an antigen recognised on human tumours by 

autologous TILs was MAGE-1, silent in normal tissues except in testes, and 

expressed by a number of other solid tumour subtypes [12]. Subsequently, 

three further self-proteins, all melanoma/melanocyte lineage-specific, 

encoded by MART-1, tyrosinase and gp100, were identified [13-15]. Although 

these ‘public’ tumour-associated antigens appeared attractive targets for both 

adoptive cell-based and vaccination strategies, neither approach was 

observed to yield particularly promising activity in the clinical setting [reviewed 



in 16].  

 

The identification of cytotoxic T lymphocyte-associated antigen 4 (CTLA-4), a 

co-inhibitory immune checkpoint molecule, followed by the demonstration of 

efficient rejection of established murine tumours with CTLA-4 ‘blockade’, 

highlighted immune regulation as a potential contributor to the limited clinical 

activity of therapeutic strategies directed against these tumour-associated 

antigens [17,18]. In a pooled analysis of patients with advanced melanoma 

treated with ipilimumab, an antibody directed against CTLA-4, three-year 

survival was found to range between 20 and 26% [19]. Amongst a cohort of 

107 patients with advanced melanoma, one of the earliest to be treated with 

nivolumab, an anti-PD-1 antibody, 5-year survival was recently reported as 

34% (Hodi S., AACR, 2016). Whilst this is remarkable in a solid tumour 

subtype many deemed ‘untreatable’, it is important to acknowledge that the 

majority of patients do not respond to these forms of immune checkpoint 

blockade, at least as monotherapy. The search for predictive biomarkers in 

this setting has been challenging, however the identification of an inextricable 

relationship between the genomic landscape and anti-tumour immunity has 

served to re-highlight the importance of identifying the most relevant 

substrates for T cell recognition, whilst simultaneously addressing regulation 

at the tumour site.  

 

The search for clinically relevant targets of immune response has shifted 

focus more recently. Tumour-specific mutations may serve as ‘private’ 

neoantigens, eliciting anti-tumour T cell responses [20-23]. In contrast to non-

mutated self antigens, these are thought to be of particular relevance in 

tumour control, since the quality of the T cell pool available for these antigens 

is not affected by central T cell tolerance [24]. Antibody-mediated blockade of 

co-inhibitory immune checkpoint molecules serves to remove the regulation 

limiting the activity of neoantigen-reactive tumour-infiltrating T cells. Patients 

with advanced melanoma and non-small cell lung cancer (NSCLC) deriving 

benefit from CTLA-4 and PD-1 blockade respectively appear to have tumours 

enriched with putative neoantigens [25-27]. The relationship between 

genomics and anti-tumour immunity is, however, complex. Analysis of 110 



patients with advanced melanoma undergoing CTLA-4 blockade 

demonstrated an association between neoantigen burden and clinical benefit, 

however no recurrent neoantigen peptide sequences predicted responder 

patient populations [28]. 

 

Although neoantigens arise from tumour-specific mutations and genetic 

heterogeneity within single tumours is well described, the impact of intra-

tumour heterogeneity (ITH) upon the neoantigen landscape and anti-tumour 

immunity has remained unclear [29-30]. Analysis of 139 patients with 

predominantly early-stage adenocarcinoma of the lung, derived from the The 

Cancer Genome Atlas (TCGA) database, demonstrated that a high burden of 

clonal neoantigens, present in every cancer cell, combined with a low relative 

fraction of subclonal neoantigens (low neoantigen ITH) was associated with 

improved overall survival [31]. The prognostic value of combining these two 

metrics appeared greater than considering either total neoantigen burden or 

neoantigen ITH alone. Importantly, even in the presence of a high burden of 

clonal neoantigens, a high relative fraction of subclonal neoantigens impacted 

negatively on outcome. Analysis of differentially expressed immune-related 

genes between patients with high and low clonal neoantigen burden 

demonstrated that tumours with a high burden of clonal neoantigens 

displayed an inflamed phenotype, with observed high levels of CD8A, IFN-γ, 

GzmB, STAT-1, PD-1, LAG-3 and PD-L1/2 gene expression. In keeping with 

these findings, sensitivity to CTLA-4 and PD-1 blockade in patients with 

advanced melanoma (n=135) and NSCLC (n=31) appeared enhanced in 

tumours enriched for clonal neoantigens. Once again, even in the presence of 

high clonal neoantigen burden, a high relative fraction of subclonal 

neoantigens was observed to impact negatively on response to therapy. 

 

Tumour-specific neoantigens therefore influence anti-tumour immune 

responses. Tumours enriched with clonal neoantigens, shared by all tumour 

cells, display an inflamed phenotype and appear sensitive to immune 

checkpoint blockade, provided they are accompanied by a low relative fraction 

of subclonal neoantigens. The mechanism underlying the negative 

contribution of subclonal neoantigens remains to be elucidated, however 



these findings highlight the importance of determining whether existing 

strategies, including cytotoxic chemotherapy and radiation, induce subclonal 

neoantigens, potentially impacting negatively on immunosurveillance and 

subsequent response to immune checkpoint blockade. Such observations will 

need to be balanced against the potential for the same therapies to have a 

vaccination effect through induction of immunogenic cell death [32]. Adoptive 

transfer of high numbers of effector T cells reactive to clonal neoantigens 

and/or vaccination against multiple clonal neo-epitopes, combined with 

appropriate checkpoint blockade, may serve to overcome the significant 

challenge posed by ITH. Such hypotheses, however, require validation. In an 

era of personalised medicine, these findings serve, at the very least, to help 

better identify those most likely to derive benefit from checkpoint blockade, 

allowing improved patient stratification. Importantly, they also move the 

tumour immunology field a step closer to the ultimate goal of achieving 

durable remissions for the majority, rather than a select few.  
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