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A B S T R A C T   

In persistent high-risk HPV infection, viral gene expression can trigger some important early changes to immune 
capabilities which act to protect the lesion from immune attack and subsequently promote its growth and ability 
for sustained immune escape. This includes immune checkpoint-inhibitor ligand expression (e.g. PD-L1) by 
tumour or associated immune cells that can block any anti-tumour T-cell effectors. While there are encouraging 
signs of efficacy for cancer immunotherapies including with immune checkpoint inhibitors, therapeutic vaccines 
and adoptive cell therapies, overall response and survival rates remain relatively low. HPV oncogene vaccination 
has shown some useful efficacy in treatment of patients with high-grade lesions but was unable to control later 
stage cancers. To maximally exploit anti-tumour immune responses, the suppressive factors associated with HPV 
carcinogenesis must be countered. Importantly, a combination of chemotherapy, reducing immunosuppressive 
myeloid cells, with therapeutic HPV vaccination significantly improves impact on cancer treatment. Many 
clinical trials are investigating checkpoint inhibitor treatments in HPV associated cancers but response rates are 
limited; combination with vaccination is being tested. Further investigation of how chemo- and/or radio-therapy 
can influence the recovery of effective anti-tumour immunity is warranted. Understanding how to optimally 
deploy and sequence conventional and immunotherapies is the challenge.   

1. Introduction 

For most virus infections the natural immune response provides for 
initial control, then elimination plus protection against future attack 
through immune memory [1–10]. There is now widespread recognition 
of the importance of immune factors in the control [11,12] and/or the 
promotion of tumour development and growth [13,14]. This has been 
exemplified by the successful impact of immune checkpoint inhibitors in 
the treatment of some types of cancer [15]. However, the plethora of 
immune-suppressive cells that can accumulate in the tumour microen
vironment (TME), including both specific- and nonspecific-induced 
Tregs, M2 macrophages, myeloid-derived suppressor cells (MDSC) not 
withstanding tumour, and their associated fibroblasts, negative contri
butions through checkpoint expression and/or other inhibitory mecha
nisms, present significant barriers to effective immune control and the 
elimination of neoplasia [16]. This article will review the role of im
mune responses in natural HPV infection control and how the oncogenic 
virus types can sometimes deviate immunity promoting carcinogenesis. 
Progress and hurdles in meeting the challenges of delivering efficacious 
immune interventions in HPV associated cancer are discussed. 

2. Immune mediated clearance of an HPV infection 

For those high-risk HPV infections associated with cervical cancer, 
the critical target cell is in the basal layer of the epithelium of the 
transformation zone [17]. Infection of the basal cell occurs following 
minor damage to the epithelium thereby exposing the basement mem
brane components which act to alter conformation of the virions to 
facilitate virus uptake [18]. The completion of the life cycle of the virus 
is subsequently intimately linked to the differentiation of the epithelium 
as HPV reprogrammes the cells to support viral replication and pro
duction [19]. Phased viral gene expression subverts and hijacks the 
cellular machinery of the differentiating cells so completed virions are 
delivered in the terminally differentiated cells as they slough off and are 
replaced in the natural turnover of the epithelium. This whole process 
can occur without any significant disruption to the tissue and with no 
virus associated cell death or viremia. This type of infection can some
times fly under the radar of the first line of defence, innate immunity. 
Such failure to properly invoke immune control can facilitate the 
persistence of an oncogenic HPV infection and it is this that drives the 
risk of developing cervical intraepithelial neoplasia [20]. Time provides 
opportunity for integration of the virus with the host genome, increasing 
viral oncogene expression thereby altering epithelial differentiation and 
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undermining virion production while interfering with host genome 
repair processes [21]. The latter provides a driver for cumulative genetic 
errors which can be selected to yield a metastatic cancer avoiding 
cellular and immune controls. 

In most cases of productive high-risk HPV infection of different tissue 
targets, it is likely that resident antigen presenting cells (APCs) like 
dendritic or Langerhans cells, sense damage and/or HPV associated 
molecular patterns using pattern recognition receptors like Toll-like 
receptors (TLRs). This causes activation of local non-specific effectors 
as well as secretion of interferons to help control the infection [22]. 
Further, there is production of proinflammatory cytokines and chemo
kines which support the activation of the APCs, viral antigen processing 
and their migration to the local lymph nodes. In the secondary lymphoid 
tissue, the APC are able to selectively activate and cause to expand 
relevant HPV specific T cells. Importantly, it is the initial signals 
received at the infection site by the APCs that flavour the spectrum of T 
cell subtype differentiation. In an optimal balance of response, CD4 T 
helper cells would act to activate specific B cells that subsequently 
produce neutralising antibodies against L1 capsid proteins as well as 
support the differentiation of cytotoxic CD8 T cells targeting viral targets 
like the E6 and E7 oncogenes (Fig. 1: Immune Control). Indeed, HPV 
induced premalignant lesions with evidence of infiltration by CD4 and 
CD8 T cells rather than T regulatory cells or macrophages are more 
likely to show regression [23,24]. Long lived plasma cells can provide 
sufficient levels of antibodies for protection against a subsequent 
infection while T cells specific for early antigens can clear virus infected 
cells and also contribute to protection through immune memory. This is 
supported by evidence of HPV oncogene-specific CTLs being associated 
with the clearance of cervical intra-epithelial neoplasia (CIN) plus the 
lack of such effectors in progressing high-grade lesions or cancers [23, 
25] and the increased susceptibility to HPV-associated lesions in 
immune-suppressed patients [26]. 

Interestingly, significant levels of HPV neutralising antibodies are 
not always detected in individuals who have apparently resolved an 
oncogenic HPV infection [27]. The precise extent of cellular and/or 
humoral HPV specific immunity that provides for protection to any 
subsequent HPV infection is really not known. However, many in
dividuals are clearly exposed to high-risk HPV infection without 
suffering any persistent infections so natural immunity is the likely 
agent of resolution and protection. The development of HPV virus-like 
particle (VLP) based prophylactic vaccines able to induce 
supra-normal levels of neutralising antibodies against the most impor
tant and prevalent oncogenic HPV types can now provide for long lived 
protection in vaccinees but have no therapeutic value [28]. Limitations 
in vaccine coverage and/or secondary screening programmes particu
larly in the developing world plus the existing burden of HPV associated 
precancers and cancers provides a continuing challenging agenda for 
therapeutic interventions [29,30]. Where secondary screening is avail
able, high grade intraepithelial lesions of the cervix can be detected and 
treated surgically. HPV associated cancers developing at other sites do 
not have such organized screening options and/or the best success of 
surgical intervention is usually linked to early diagnosis. 

3. Immune deviation in HPV associated carcinogenesis 

For unknown reasons in some normal healthy people high-risk HPV 
infections are not cleared and such persistent infection provides for a 
significant risk of developing neoplasia. While high-risk HPV infection 
alone is not sufficient to cause tumour development, viral gene expres
sion does influence many of the key pathways that under pin cancer 
control including mechanisms that modulate immune factors [28]. 
Indeed, both viral gene expression and the chronic infection per se 
contribute to the neoplastic progression [31]. Importantly oncogene 
driven interference with cell cycle control allows for double-stranded 
DNA breaks, genomic instability and mutations that if of advantage 
will be selected. Table 1 summarizes the viral gene influences which 

contribute to transformation process and interference in immune control 
in HPV associated neoplasia [28]. Significantly, over an extended period 
of time, a diverse array of interactive events can establish a state of 
immune deviation which can act as key drivers in the evolution of a 
metastasizing tumour [32]. 

Cells have evolved strategies to detect and combat virus infection but 
HPVs have counter mechanisms to undermine such pathways in addi
tion to the means to hijack the cellular machinery as required to com
plete the virus life cycle (Table 1). For example, the cyclic guanosine 
monophosphate-adenosine monophosphate synthase (cGAS) detects 
intracellular DNA and signals through the adapter protein STING to 
initiate the antiviral response to DNA viruses. Sensing of the viral DNA 
by the cGAS-STING machinery results in a type I interferon (IFN)- 
mediated anti-viral response. HPV E7 is able to specifically inhibit this 
cGAS-STING pathway antagonizing DNA sensing with the inhibition 
dependent on the highly conserved LXCXE motif which is also essential 
for blockade of the Retinoblastoma (RB) tumour suppressor protein [33, 
34] Further, transcriptome analyses have shown that oncogenic HPV 
gene expression is associated with the downregulation of multiple 
cellular targets including the antiviral genes (IFIT1 and MX1), genes 
involved in IFN signalling (STAT1), proapoptotic genes (TRAIL and 
XAF1), and pathogen recognition receptors (TLR3, RIG-I, and MDA5). 
An important theme is the impact on the constitutive expression of 
interferon (IFN)-stimulated genes (ISGs). For example, reduced expres
sion of pathogen receptors leads to significantly lower induction of IFN-β 
and IFN-λs. IFN-κ is usually constitutively expressed by keratinocytes 
but in HPV infected cells it is significantly repressed by mainly viral E6 
but also E7. It appears that IFN-κ expression is modulated by DNA 
methylation [35]. Reducing the susceptibility of the infected cells to 
interferon also impacts immune recognition and activation processes. 

In the context of a persistent high HPV infection, viral gene expres
sion can trigger some important early changes to immune capabilities 
which act to protect the lesion from immune attack and subsequently 
promote its growth and ability for sustained immune escape (Fig. 1: 
Immune Deviation). An example is the reduced numbers of APCs and the 
low levels of inflammatory chemokines which are found in HPV- 
infected compared to normal tissues [36]. Normal keratinocytes pro
duce CCL20, a chemoattractant for epidermal APCs (Langerhans cells) 
that express the CCR6 receptor with these cells critical to innate immune 
activation in the skin or mucosa. Mucosal HPV 16 E6 and E7 expression 
have been shown to suppress the NF-κB transcription-factor-dependent 
CCL20 induction [37]. For cutaneous HPV 8 infections, E7 controls 
differentiation-dependent CCL20 induction through binding the tran
scription factor C/EBPβ, preventing binding to the promoter of CCL20, 
thus repressing CCL20 transcription [38]. Thus, two important signal
ling pathways that regulate CCL20 levels by keratinocytes have been 
shown to be inhibited by the action of HPV oncogenes and this could 
account for a lack of recruitment of APCs to the HPV-infected epithe
lium, undermining innate immune activation and promoting virus 
infection. 

Viral gene expression influences a wide range of defensive mecha
nisms of innate immunity through pleotropic effects on the detection, 
activation and migration of immune cells. Thus, viral E5, E6 and E7 
expression can inhibit several pathways which compromise antigen 
processing and HLA presentation of viral peptides at the infected cell 
surface thereby promoting immune escape [39]. Another example of 
influence is through E7 mediated downregulation of CXCL14 via pro
moter DNA hyper-methylation. This leads to important changes in the 
capacity for migration of Langerhans cells and effector lymphocytes 
from and to the HPV associated lesions [40,41]. Such virus-mediated 
immune interference combines to promote the persistence of the infec
tion and thereby promote the risk of cancer [see 28,31]. 

The development of a cancer from a premalignant lesion can take 
many years and during this time there is an infiltration by myelo- 
monocytic cells. HPV-E6/E7 induced STAT-3 in the transformed kera
tinocytes drives IL-6 production and acts on lesion-associated myeloid 
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Fig. 1. Immune control or immune deviation in HPV infection and neoplasiaImmune Control: (blue boxes). Blue box 1: APC detect tissue damage or the 
presence of HPV through sensor systems (e.g. TLRs) and act as the pivotal messengers to elicit adaptive immunity. Blue box 2: Induction of adaptive immunity 
requires migration of activated APCs to the local lymph nodes (LN) [1]. This occurs in response to gradients of the chemokines CCL19/CCL21 through CCR7 receptors 
on the activated APCs [2], plus production of MMP-9 facilitating passage through the extracellular matrix [3]. Blue box 3: APCs process and present viral antigens to 
activate specific T cells requiring CD80/CD86 and CD28 co-stimulation plus secretion of enabling cytokines like IL-12; without such co-stimulation immune tolerance 
and T-cell anergy can result [4,5]. Optimally activated T cells multiply and differentiate across a spectrum of associated cytokine production and effector properties 
to engage the viral threat. For example, helper CD4 T cells facilitate specific B cell stimulation leading to secretion of highly virus specific neutralising antibodies 
while also supporting the differentiation of CD8 cytotoxic T cells (CTL) able to kill virus infected cells directly or through the secretion of cytokines like IFN and 
tumour necrosis factor (TNF). Other types of T cell such as regulatory cells (Tregs) and/or the balance of cytokines produced can act to limit local responses to 
prevent tissue damage [6]. Blue box 4: This is a dynamic process, as when the viral threat is reduced, inhibitory signals (immune checkpoints) between T cells and 
APCs mediated by CTLA-4/CD28 and PD-1/PD-L1-type interactions act to induce a contraction of the specific effector T cell populations [7,8]. Earlier in the infection, 
subsets of memory B and T cells are produced so that the immune system can respond faster and more effectively upon the specific virus reinfection [9,10]. 
Immune Deviation: (blue & red or red boxes) reflect decreasing potential for immune control and increasing immune suppression respectively). Blue/red box 5: 
Some cases of HPV infection, E6/E7 expression can lead to loss of local APC (Langerhans cells) through down-regulation of the chemokine CCL20 [33–35]. This event 
inhibits innate immune detection of the viral infection and promotes viral persistence. Blue/red boxes 6 &7: E6/E7 upregulation of STAT-3 in HPV associated cells 
induces IL-6 can drive a myelo-monocytic cell lesion infiltration through the CCL2/CCR2 axis which is self-reinforcing [42–44]. This type of inflammation is able to 
provide a significantly immunosuppressive environment further facilitating viral persistence. With time, viral integration can occur with transformation of the cells 
breaking the link with the epithelial differentiation required for completion of the virus lifecycle. Viral inhibition of DNA repair allows for variants with additional 
means for immune escape. Red boxes 8 & 9: The emerging tumour microenvironment evolves through multiple IL-6 mediated influences including tumour fibroblast 
production of CCL20 attracting Th17 cells and the downregulation of antigen-presenting cell migration and IL-12 production blocking immune activation and chronic 
inflammation [46]. Red boxes 10 & 11: The TME accumulates high levels of immune-suppressive and tumour-promoting local factors including macrophages and 
dysfunctional dendritic cells: local MMP-9 production, Tregs and myeloid-derived suppressor cells (MDSCs) [31,57]. This milieu of immune players and factors can 
up-regulate PD-L1 by tumour or the associated immune cells thereby blocking anti-tumour specific T-cell effectors [47]. 
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and inflammatory cells in a paracrine manner This causes activation of 
STAT3 in monocytes which induces CCL2, a potent monocyte-attracting 
chemokine and an autocrine CCL2/CCR2 loop sustains and further 
skews the inflammatory microenvironment favouring immune sup
pression and carcinogenesis [42,43]. For example, low CCL2 in myeloid 
cells is linked with better outcomes in cervical cancer while downstream 
CCL2 signalling induces high matrix metallopeptidase (MMP)-9 
expression associated with cancer progression [43,44]. Chronic IL-6 
produced during cervical carcinogenesis can also downregulate 
mature activated APC CCR7 expression inhibiting the response to che
mokines that direct migration to the local lymph nodes (LNs) while 
stimulating their MMP-9 expression [45]. Thus, APC and other myeloid 
cells accumulate in the tumour stroma and their MMP-9 expression can 
promote tumour growth and spread through angiogenesis. In definitive 
tumours, constitutive IL-6 production attracts CD4/IL-17/CCR6-positive 
T cells which are tumour promoting [46]. In addition, CCL20 tran
scription is regulated by paracrine production of IL-6, activating the 
C/EBPβ pathway in fibroblasts associated with the tumour. This illus
trates the dynamic nature of the changes that occur over the natural 
history of the HPV driven carcinogenesis. At the start CCL20 is sup
pressed by HPV oncoproteins in the neoplastic epithelial cells while in 
advanced stages it is expressed in the stroma promoting a chronic in
flammatory response. 

The integrated effect of these factors promotes lesion infiltration and 
differentiation of immune cells including macrophages, migration 
inhibited APCs with local MMP-9 production, Tregs and myeloid- 
derived suppressor cells (MDSCs) establishing an immune-suppressive 
and tumour-promoting environment [31]. Importantly, the combina
tion of local immune factors also upregulates the expression of the 
checkpoint-inhibitor ligands like PD-L1, by tumour or associated im
mune cells and this acts to block any anti-tumour-specific T-cell effectors 
[47]. 

4. The effect of chronic viral infections on CD8 T cell function 

It is apparent that the TME is a battleground where effective immune 
tumour control depends on access for tumour specific T cell effectors 

that are able to deliver their therapeutic payloads overcoming any 
competing negative influences. Unfortunately, HPV associated neoplasia 
favours many events that lead to a tumour promoting immune envi
ronment and this can result in a failure of specific T cell effectors to 
access the tumour [28,48] and/or their local suppression by other 
infiltrating immune cells [48,49]. and/or loss of function with induction 
of anergy or an exhausted state [50]. 

The exhaustion of T cells derivative from a chronic viral infection is 
well illustrated by lymphocytic choriomeningitis virus (LCMV) mouse 
models. In acute viral infection activated APC migrate to the local LN 
and present processed viral peptides to stimulate naïve antigen specific 
CD8 T cells [51]. These rapidly proliferate and differentiate to CD8 ef
fectors that migrate to the infection site and act to clear the virus. With 
the reduction in viral load, homeostatic mechanisms downregulate the 
CD8 effector numbers but recirculating or lymphoid tissue resident 
memory cell populations are delineated. The consequences of a chronic 
LCMV infection are rather different and can lead to the functional 
exhaustion of CD8 T cells. These cells are characterised by over
expression of several inhibitory receptors (e.g. PD-1), major changes in T 
cell receptor and cytokine signalling pathways, altered expression of 
genes controlling chemotaxis, adhesion, and migration, expression of a 
distinct transcriptional signature plus display significant metabolic and 
bioenergetic deficiencies [52,53]. The continuous stimulation of naïve T 
cells in the LN eventually skews the population CD8 effectors at the 
infection sites where the functional T cell exhaustion is progressive but 
distinct from anergy [51]. It appears to be the consequence of both 
active suppression and passive defects in signalling and metabolism. In 
these circumstances, a backstop mechanism to protect the repertoire of 
virus specific T cells generates a novel stem cell-like CD8 
non-recirculating population which can be found in the T cell zones of 
lymphoid tissues along with the naïve T cells [54]. These cells are 
quiescent but retain proliferative potential and act as the emergency 
resource to maintain a supply of activated specific T cells in a chronic 
virus infection. T cell factor-1 (Tcf-1) is a transcription factor essential 
for commitment to both the T cell and the innate lymphoid cell lineages 
in mammals. Tcf-1 is critical for the generation of this PD-1+ Tcf-1+

CXCR5+ CD8+ T cell subset and they are capable of self-renewal and 
differentiation into more terminally differentiated cells that down
regulate Tcf-1 and with a transitory population of CD101-Tim3+ con
verting to CD101+ Tim3+ cells. CD101 is a heavily glycosylated 
transmembrane molecule which exhibits negative-costimulatory func
tions and promotes Treg function. TIM3 is part of a module that contains 
multiple co-inhibitory receptors (checkpoint receptors), which are 
co-expressed and co-regulated on dysfunctional or ‘exhausted’ T cells in 
chronic viral infections and cancer. It is the recently generated 
CD101-Tim3+ cells that proliferate in vivo, contribute to viral control, 
and have an effector-like transcriptional signature including expression 
of CX3CR1, pro-inflammatory cytokines, and granzyme B. Importantly 
PD-1 pathway blockade increased the numbers of CD101-Tim3+ CD8+ T 
cells, suggesting that these newly generated transitional cells play a 
critical role in PD-1-based immunotherapy [53]. Both the stemlike CD8 
T cells and their terminally differentiated progeny showed minimal 
migration during chronic infection. The lack of recirculation of the 
PD-1+ Tcf-1+CXCR5+ stemlike CD8 T cells resident in lymphoid tissues 
suggests the need for a specialized niche as essential for maintaining 
their quiescence and stemlike program under conditions of a chronic 
viral infection [53]. 

There is increasing evidence that such cells are also generated in the 
context of chronic stimulation of tumour specific CD8 T cells. Thus, 
distinct populations of terminally differentiated and stem-like CD8 T 
cells can be detected in human tumours with the proliferation of the 
stem-like cells producing terminally differentiated, effector-molecule- 
expressing progeny [55,56]. The stem-like T cells reside in dense 
antigen-presenting-cell niches within the tumour, and in the absence of 
such structures there is a lack of T cell infiltration which correlates with 
more progressive disease. It seems that in the battle with a virus and/or a 

Table 1 
HPV gene expression influencing neoplastic transformation and immune control 
[28]  

Epithelial cell behaviour HPV gene: Targets 

Sustained proliferation & signalling E7: ↓RB/HDAC; E7: ↑KDM6A/B; E5: ↑EGFR 
Enabling replicative immortality E6: ↑Telomerase 
Resisting cell death E6: ↓p53/BAK; E6: ↑BCL-2 
Deregulating cellular energetics E6: ↑ mTORC1/MYC 
Genome instability & mutation E7: ↑dsDNA breaks 
Inducing angiogenesis E7: ↑ HIF1α; E6/E7: ↑VEGF & IL8 
Activating invasion & metastasis E6: ↓PDZ proteins 
Evading growth suppression E6: ↓p53; E7: ↑RB 
Impacts on immune control 
Avoiding immune destruction E5: ↓MHCI/II/TAP; E7: ↓CXCL14; IFNk 

E7: ↓IRF1 & cGAS-STING; E6: ↓IRF3 
Tumour promoting inflammation E6/E7: ↓CCL20/& local APC 

E6/E7: ↑IL6 & monocyte CCL2 & MMP9 

Abbreviations: RB, RetinoBlastoma tumour suppressor protein; HDAC, Histone 
DeACetylase; KDMA/B, Lysine DeMethylases; EGFR, Epithelial Growth Factor 
Receptor; p53, DNA-binding transcription factor; Bcl-2, apoptosis suppressor 
protein; BAK, Bcl-2 homologous antagonist/killer protein; mTORC1, Mamma
lian Target of Rapamycin Complex-1; MYC, proto-oncogene; ds, double 
stranded; HIF1α, Hypoxia-Inducible Factor-1-alpha; VEGF, Vascular Endothelial 
Growth Factor; IL8, InterLeukin 8 cytokine; PDZ domain binding proteins; MHC, 
Major Histocompatibility Complex I/II; TAP, Transport associated with Antigen 
Processing; IFN, Interferon; IRF, Interferon Regulatory Factor; cGAS, cyclic 
GMP-AMP and STING, cyclic GMP-AMP receptor of interferon genes; CXCL14, 
Chemokine (C-X-C motif)-14; CCL20, Chemokine (C–C motif)-20; APC, Antigen 
Presenting Cell; CCL2, Chemokine (C–C motif)-2 or Monocyte Chemoattractant 
Protein-1 (MCP-1); MM9, Matrix Metallopeptidase-9. 
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tumour there is a requirement to generate tertiary lymphoid type 
structures to provide a suitable local niche to protect these novel CD8 T 
stem cell populations. 

5. Optimising immunotherapeutic strategies for cancer 
treatment 

As accounted above there are a cornucopia of tumour extrinsic and 
intrinsic mechanisms which can provide extensive primary resistances 
to immune control but these can, together with tumour genomic insta
bility, also drive secondary immune escape events. Individual cancers 
can be extremely heterogenous in respect of the genetics of the immune 
selected cells as well as in the composition of their tumour microenvi
ronment. Unsurprisingly, while there are encouraging signs of efficacy 
in several different immunotherapeutic approaches for cancer treatment 
including with immune checkpoint inhibitors, therapeutic vaccines and 
adoptive cell therapies, overall response and survival rates remain 
relatively low [13,14]. It is obvious that to maximally exploit any po
tential anti-tumour immune response, the plethora of immunosuppres
sive factors associated with and/or driving the carcinogenic process 
must be addressed. Myeloid cells are key players in the orchestration of 
the immunosuppression blocking effective natural immunity and 
immunotherapy development [57]. Likewise, the impact of the current 
standard of care treatments (radiation and/or chemotherapy), either 
positive or negative, on natural or therapy induced tumour immunity 
must also be considered [58]. It is clearly immensely challenging to 
document the precise combination of resistance mechanisms for every 
individual tumour in order to configure the most appropriate immune 
treatment options. Animal models can help to identify and investigate 
the means to target particular resistance mechanisms while human 
tumour samples and clinical trials can be used to validate the developed 
therapeutic strategies [14]. Unfortunately, the complexity of immune 
local and systemic interacting factors in cancer aetiology and progres
sion challenges clinical trial designs which are mostly not well 
co-ordinated. 

Our knowledge of the natural history of HPV associated tumours may 
provide some greater consistency for designing intervention opportu
nities not the least through the obligate requirement for HPV oncogene 

driving tumorgenicity and as exogenous tumour specific targets. Table 2 
and Fig. 2 summarize the several phases from initial immune awareness 
to the potential killing of cancer cells and where and which therapeutic 
interventions might be able to provide more effective cancer control. 

5.1. Immune checkpoint inhibitors 

In cancer, immune checkpoint homeostatic mechanisms can be 
hijacked via upregulation of the appropriate ligands in the tumour 
microenvironment (TME) allowing evasion of anti-tumour immunity; 
the blocking of these pathways with specific antibodies can recover 
useful immune responses in some patients [15,59]. The first checkpoint 
inhibitor approved for treatment of metastatic melanoma patients was 
ipilimumab (anti-CTLA-4 monoclonal antibody) in 2011. The dramatic 
impact on previously treatment unresponsive tumours like metastatic 
melanoma acted to remove the “blinkers” of many oncologists and sci
entists to the relevance and potential of immunity in cancer. Subse
quently, the PD-1 inhibitors nivolumab, pembrolizumab, cemiplimab 
and PD-L1 inhibitors atezolizumab, avelumab, and durvalumab joined 
the list of approved agents for treatment of several types of advanced 
cancers [60]. Unfortunately, the impact of these revolutionary ap
proaches is limited by the relatively low proportion of patients who 
respond to blockade of immune checkpoints, the occurrence of signifi
cant, albeit generally manageable, toxicities in some patients and the 
high cost of the treatment schedules. One issue that could be extremely 
useful in targeting the therapies to those most likely to respond is the 
concept that the level of inhibitory molecule tumour expression can 
predict patient responses. While such tests have been adopted in relation 
to some treatment options there is a lack of consistency in the meth
odologies being used (different antibodies, variable cell types defined in 
the assessment, different density measurements, automated versus vi
sual scoring; scoring by global or spatial interaction patterns) and it is 
unclear whether their use is yet of significant added value [61,62]. 

In respect of HPV associated cancers there are many ongoing clinical 
trials investigating checkpoint inhibition therapy in cervical cancer [63] 
and oral pharyngeal squamous cell carcinoma (OPSCC), a subset of head 
and neck cancers (HNSCC) [64]. Various different investigations of 
PD-L1 expression by squamous and adenocarcinomas of the cervix have 

Table 2 
Immune barriers and interventions in HPV associated cancer.  

Immune event Negative immune factors Therapeutic Options 

Antigen Release Inherently stealthy pre-cancer stage of persistent infection provides for 
facilitating immune deviation including through reduced APC numbers 

Selective chemo-, radio- and/or targeted therapies might alter the balance of local 
factors to boost natural immunity and could help early lesion resolution. 

Antigen 
Presentation 

Defective activity of APC & macrophages; accumulation of Tregs, MDSC & 
establishment of immune deviation in TME. 

Any effective therapeutic vaccine against E6/E7 viral oncogenes aims to generate 
specific killer T cell activity either by boosting natural and/or stimulating new 
populations. Combination treatments which counter the negative local TME affects 
by promoting APC activity and the activation of fully functional T cell effectors 
include provision cytokines like IL-12 cytokines and/or TLR agonists may be useful. 

Immune 
Activation/ 
Priming 

Deficiency in macrophages & APC function; sub-optimal stimulation of T cells; 
unhelpful cytokine skew; inhibitory immune checkpoint expression. 

Chronic virus infection positively reinforces the immunosuppressive intensity of the 
TME. This can ultimately deplete the repertoire although stem-like CD8 cells can 
preserve this capacity. By this point, checkpoint inhibitors may provide a means to 
alter the balance of immune factors in favour of regaining control but where 
additional treatments such as low dose IL-2, or agonists like anti-CD40 might give 
synergy. 

Immune 
Trafficking 

Dysregulation of chemokine and chemokine expression & IFN signalling 
pathways 

Advanced cancer TME may be particularly resilient to immune attacks based on 
stimulating existing or de novo T cell responses particularly as the latter may not get 
the guidance signals for tumour homing. ACT of expanded TILS may circumvent 
some such barriers quantitatively and for homing. Such TIL expanded effectors may 
also target wider tumour immunogenic genetic changes. CAR T cells might provide 
sufficiency in effector numbers but target selection is more problematic. 

Immune 
Infiltration 

TME driven changes influencing cancer angiogenesis, adhesion, and 
extravasation plus immune cell apoptosis and activation of the stroma to 
reduce immune cell infiltration. 

The complexity and breadth of TME effects on immune control could be influenced 
by anti-angiogenesis treatments. Local treatment with immune response modulators 
(cytokines, TLR agonists) could be helpful but does not address metastatic cancers. 

Immune 
recognition & 
killing 

Evasion of T cell (NK) killing; Upregulation of inhibitory signals like PD-1, PD-L1, 
LAG-3, TIM etc; consolidation of actively immunosuppressive TME through 
combination of cellular (Tregs, M2 macrophages, MDSC) and soluble factors 
(TGFB, IDO, IL-10, etc) 

In end stage cancers, the maximal number and extent of TME immunosuppressive 
influences may require extensive use of combinations of treatments influencing 
several immune checkpoints, cellular, secreted and metabolic inhibitory factors. The 
key challenge is to deploy these options including in context of SOC in the best array 
but also with the optimal sequencing.  
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reported inconsistent associations with survival [65]. This undoubtedly 
reflects the complex and interactive contributions of different cell types 
to clinical impact, both in time and through the architecture of the tu
mours. Thus, the report of an association of PD-L1 macrophages with 
poorer outcomes might be explained by the knowledge that IL-6 can 
drive monocyte differentiation to PD-L1 positive CD163+ and CD14+

macrophages (M2) thereby inducing Tregs, effecting lower IL-12 but 
higher IL-10 levels which then can modulate T-cell activation [66]. In 
another study, suppressive PD-L1+/CD14+ M2 macrophages, MDSCs, 
PD-1 or CTLA-4 positive T cells and Tregs were detected in tumour 
positive but not negative lymph nodes. The Tregs and other immuno
suppressive cells were found surrounding the PD-L1 positive metastatic 
tumour cells in the LNs [67]. This can be interpreted as a means by 
which the early immune deviation events in HPV associated carcino
genesis can subsequently enable metastatic spread [68]. At this time, 
only pembrolizumab is licenced for treatment of recurrent or metastatic 
cervical cancer progressing after chemotherapy and in PD-L1 tumour 
positive patients. This approval was given via an accelerated process 
based on the evidence from cohort E of the Keynote-158 trial showing 
overall response rate of 14% [60]. 

HPV positive (compared to negative) OPSCC patients have better 
clinical outcome to standard of care (SOC) chemo-radiation treatment, 
most likely as a result of increased radio-sensitivity (residual p53 ac
tivity compared to HPV negative tumours where p53 is most often 
mutated) [69]. A functional role for CD8 T cell activity in HPV positive 

versus negative OPSCC is supported by a higher density of CD8 T cells in 
the stroma being associated with improved clinical outcome [70]. Other 
investigations have scored the different types of PD-L1 positive cells in 
tumours and their location in attempts to identify a useful prognostic 
and/or treatment deployment measure [71–74]. It is complicated, as 
illustrated by the results from a study which used a multiplex scoring of 
CD8, PD-L1 and CD68 marker expression in an OPSCC patient cohort 
with long follow up [75]. As might be expected, the best prognosis pa
tients within the HPV positive OPSCC group were those with 
high-density CD8 T cells in the stroma and low tumour levels of PD-L1. 
However, an improved prognosis for HPV negative tumour patients was 
linked to high CD68 PD-L1 positive macrophage infiltration. A more 
recent study tested a new automatic approach to select tissue and 
quantify the frequencies of cell-cell spatial interactions occurring in the 
PD1/PD-L1 pathway, hypothesised to reflect immune escape in the same 
OPSCC cohort. In this analysis, a high frequency of proximal CD8 or 
PD-1 marked T cells with PD-L1 positive cells was found to be prognostic 
for poor overall survival in patients only in the HPV negative OPSCC 
[76]. These types of results reveal the limitations of the PD-L1 biomarker 
as a means to decide how to allocate checkpoint inhibitor treatment in 
OPSCC. It is likely that any useful prognostic will have to utilize multiple 
marker and spatial information. At this point, nivolumab or pem
brolizumab are licenced in recurrent or metastatic HNSCC that has 
progressed on or after platinum-based therapy. In addition, pem
brolizumab is available as a first-line therapy for patients with 

Fig. 2. Potential synergies in combined immunotherapies [after 107] 
Citations for examples of antibodies: for immune-stimulation [108]; direct anti-tumour therapy [109] neutralising cytokines [110,111]; activating cytokines [112]. 
Effector and targets: Abs, antibodies; LAG3 negatively regulates cellular proliferation, activation/homeostasis of T cells; CD137 crosslinking enhances T cell pro
liferation, IL-2 secretion, survival and cytolytic activity; OX40, a tumour necrosis factor receptor superfamily member acts as a secondary co-stimulatory immune 
checkpoint molecule, expressed after 24 h after activation; GITR, (glucocorticoid-induced tumour necrosis factor receptor) is a surface receptor molecule involved in 
inhibiting the suppressive activity of T-regulatory cells and extending T-effector cell survival; CD40 is a costimulatory protein found on APC and required for their 
activation so agonistic Abs activate an anti-tumour T cell response via activation of dendritic cells; TGFβ, transforming growth factor beta is a pleiotropic cytokine 
that can exhibit both tumour-suppressive and oncogenic functions; IDO, indoleamine 2, 3-dioxygenase 1 is a rate-limiting enzyme that metabolizes the essential 
amino acid, tryptophan, to kynurenine which leads to inhibition of immune cell effector functions and/or facilitates T cell death. 
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metastatic or unresectable, recurrent HNSCC either as monotherapy in 
patients whose tumour expresses PD-L1 (combined positive score ≥ 1%) 
or in combination with platinum and fluorouracil [60]. It is important to 
note that HNSCC can result from exposure to environmental carcinogens 
or oncogenic HPV transformation [77]. Interestingly, immune cells 
within HPV positive and negative tumours display a spectrum of tran
scriptional signatures, with helper CD4+ T cells and B cells being rela
tively divergent and CD8+ T cells and CD4+ regulatory T cells being 
relatively similar [78]. These transcription patterns were contextualized 
using multispectral immunofluorescence and putative cell-cell interac
tion based on spatial proximity evaluated. This yielded a gene expres
sion signature associated with CD4+ T follicular helper cells linked to 
longer progression-free survival in HNSCC patients. This type of study 
emphasises the heterogeneity of immune control mechanisms that may 
operate in a “single” tumour type with variable aetiology and the dif
ficulties in defining simple useful prognostic markers. A recent study has 
shown that HNSCC tumours expressing HPV E5 are resistant to 
anti–PD-L1 immunotherapy in orthotopic models. In addition, patients 
with high expression of HPV16 E5 have a worse survival. The antiviral 
E5 inhibitor rimantadine demonstrated significant single-agent anti
tumor activity and this offers the prospect for improved outcomes for 
head and neck cancer patients [79]. 

Tumour-specific CD8 T cells in solid tumours are frequently 
dysfunctional, allowing tumours to progress. Under such chronic stim
ulation, a recovery pathway where lymphoid tissue resident stem-like 
CD8 T cells are induced is deployed. Importantly, these cells can also 
be detected in dense antigen-presenting-cell niches within some tu
mours but patients with progressive disease lack these immune niches 
and show low levels of T cell infiltration [55,56]. With checkpoint 
blockade, Tcf1+PD-1+ cells are detected in tumour-reactive CD8+ T cells 
in the blood and tumour infiltrating lymphocytes (TILs) of primary 
human melanoma patients [56]. In has now been shown that checkpoint 
blockade depends not on reversal of T cell exhaustion programs, but on 
the proliferation of the stem-like population [56,80,81]. These cells are 
released from their quiescence and are able to engage with antigen 
presentation, mobilize, expand and differentiate to deliver effector 
functions. The checkpoint blockade may also influence effector function 
at the target sites with increased killing and cytokine release. A greater 
understanding of how to best mobilize this unique stem-like population 
in a chronic viral driven tumour will be important to maximizing the 
impact of therapies which seek to harness the immune response. Any 
therapeutic value will still need to overcome the sum total of all the 
immunosuppressive factors that may be present in the TME. The dy
namic process involving stem, transitory, differentiated effector cells 
may be maximised for therapeutic potential by the use of drug combi
nations which not only influence CD8 prevalence and function but also 
override other TME limitations synergistically. 

5.2. Therapeutic vaccines 

The obligate viral oncogene expression in HPV associated cancers 
provides the seemingly ideal tumour specific targets for therapeutic 
vaccines. A recent study used proteome-wide profiling of HPV- 
16–specific T cell responses comparing HPV-associated OPC patients 
and healthy individuals investigated the potential wider breadth for 
HPV immune targeting. HPV-specific T cell responses from OPC patients 
were not restricted to E6 and E7 antigens, E1, E2, E4, E5, and L1 proteins 
were also recognized by virus-specific CD8+ and CD4+ T cells [82]. 
However, it is not clear whether all the components of this 
multi-targeted overall human T cell response to HPV are important in 
tumour control or simply derivative from the natural history of HPV 
infections in these OPC patients. In the majority of HPV associated 
cancers, viral integration with the host genome disrupts the viral E2 
expression that negatively controls E6/E7 oncogene expression and with 
the latter upregulated, epithelial differentiation is altered thereby 
blocking virus production while promoting transformation. Since the 

other viral early genes are not required for carcinogenesis and/or are not 
expressed by the transformed cells they are not attractive targets for 
therapeutic cancer vaccines; the late gene encoded capsid proteins are 
only made in terminally differentiating cells. However, it is highly likely 
that specific T cell mediated immunity to several of the early gene viral 
components is relevant in the clearance of natural infection [83]. It is 
possibly that in some HPV associated tumours, non-integrated HPV 
expression may be required for oncogenesis and so cellular immunity to 
a broader spectrum of HPV early gene proteins could be relevant 
although this has not been proven [82]. 

The great majority of therapeutic HPV vaccines have targeted HPV 
16 and/or 18 oncogenes (E6 and/or E7) with the first one tested in 
clinical trials more than 3 decades ago. The best principles of vaccine 
design and application of insights from the contemporary understanding 
of immune activation and control have been employed during this time 
for a multiplicity of approaches. The unifying goal has been to deliver 
vaccines with the ability to induce strong CD8 T-cell responses [84]. 
Many different types of vaccines have been tested for efficacy in patients 
with HPV associated cancers or high-grade neoplasia but even when 
immunogenic, demonstrating significant clinical benefit as been elusive 
[85–89]. It seems likely that important common limitations are the 
failure to overcome the impact of immune suppressive factors including 
those associated with chronic viral infection in the natural history of the 
neoplasia and the generally underpowered clinical trial designs. Added 
to this the vaccine trial patients were often tested after SOC treatment 
where the chemotherapy and radiation could have significantly reduced 
their immune response potential. To be provocative, the impacts of SOC 
for many cancers should really be reappraised in the light of the 
recognition of the central role of the immune response in limiting 
tumour emergence. Getting back the potential of cancer immune control 
should be considered as a more primary component in future treatment 
strategies especially where more (higher, longer dosing SOC) may 
indeed provide less [58]. Many of the various HPV oncogene vaccine 
candidates that are currently being evaluated need to build on these 
insights through different treatment scheduling and clinical trial design. 
Data from clinical trials of three different HPV vaccine types, protein 
(TA-CIN, HPV 16 L2E6E7 fusion), synthetic long overlapping peptides 
(ISA101, SLPs of HPV 16 E6 and E7) and a DNA plasmid (VGX-3100 
encoding HPV16/18 E6 and E7) have reported evidence of immunoge
nicity linked to encouraging clinical responses. These results serve to 
illustrate some aspects of design and combination treatment approaches 
that can help to provide a useful platform for future studies able to 
deliver efficacious treatment strategies. 

Clinical trials in HPV 16 -associated high grade vulvar intraepithelial 
neoplasia (VIN) patients, although much less prevalent than those with 
CIN-3, can provide some key logistical advantages. For the latter, sur
gery is an extremely effective treatment so vaccine investigational 
studies will be limited by the requirement for timely curative treatment. 
By contrast, for high-grade VIN patients, surgery is not always an option 
and/or the other limited treatments available are not curative. This 
provides a much longer window for investigation of vaccine and asso
ciated treatment immunological effects both locally and systemically. 

Imiquimod is an innate immune response TLR7/8 agonist that can 
negate local immunosuppressive factors, so lesion pretreatment might 
act to alter the TME and facilitate the impact of vaccine stimulation of 
pre-existing or de novo HPV vaccine generated anti-oncogene T cells 
[90]. Treatment of high-grade VIN lesions with Imiquimod followed by 
unadjuvanted TA-CIN vaccination of the patients delivered 63% com
plete regression at one year [91]. Immunohistochemistry showed that 
CD8 and CD4 T cell lesion infiltration was significantly increased in the 
clinical responder patients compared to those with unresponsive VIN 
which showed a significantly increased density of Tregs. Following 
vaccination, only the clinical responders showed significantly increased 
lympho-proliferation of peripheral blood lymphocytes to the HPV vac
cine antigens; these were also those patients with pre-existing responses. 
These results suggest that in the refractory VIN patients both local and 
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systemic factors cannot be overcome by this immune response modifier 
and vaccination combination treatment. Future studies will need to 
explore the specific mechanisms from the complex immunosuppressive 
armoury whereby chronic viral stimulation establishes the T cell 
dysfunctional state in some VIN patients. Ongoing work will use a phase 
I study to investigate TA-CIN vaccine as therapy in previously treated 
HPV16 positive cervical cancer patients with stable disease with analysis 
of pre- and post-vaccine responses (NCT02405221). Future studies 
should explore formulation of the fusion protein with a suitable vaccine 
adjuvant and/or in combination with a checkpoint inhibitor strategy. 

The testing of the ISA101 vaccine (13 peptides of 25–35 amino acids 
covering overlapping sequences of the HPV 16 E6 and E7 proteins, 
adjuvanted with montanide) in high grade VIN patients demonstrated T 
cell immunogenicity and significant clinical responses [92]. Clinical 
efficacy of ISA101 vaccination was related to the strength of 
vaccine-induced HPV16-specific T-cell immunity [93]. However, when 
this vaccination therapy was tested in patients with advanced or 
recurrent gynaecological carcinoma there was no measurable clinical 
impact [94]. A preclinical investigation of treatment of HPV 
tumour-bearing mice with standard carboplatin and paclitaxel chemo
therapy plus vaccination significantly improved survival indicating the 
potential for combination therapies [95]. This chemotherapy was shown 
to reduce the immunosuppressive myeloid cell population in the blood 
and the tumour but did not alter tumour-specific T-cell responses. A 
clinical trial of carboplatin-paclitaxel in advanced cervical cancer pa
tients confirmed a reduction in the numbers of circulating myeloid cells 
while boosting patient T-cell responses. The minimum level of circu
lating myeloid cells was detected at two weeks following the second 
chemotherapy cycle [96]. This information was used for the testing of 
the ISA101 immunization timing which was shown to elicit strong and 
durable HPV16-specific T-cell responses to a single dose of the vaccine. 
A clinical trial assessing the safety, tolerability and the HPV-specific 
immune responses of different doses of the ISA101 long peptide 
HPV16 vaccine with or without pegylated IFN-α as combination therapy 
with carboplatin and paclitaxel has now reported [97]. The underpin
ning reasoning was that the chemotherapy would enhance the 
tumour-specific immunity and synergize with cancer immunotherapy 
with the addition of pegylated IFN-α aimed at further improving the 
immune response. 77 patients with Stage IIIb/IVa or metastatic or 
recurrent Stage IVb HPV 16 positive cervical cancer received the vaccine 
plus IFN after the 2nd, 3rd, and 4th of six chemotherapy cycles. Overall, 
the treatment was safe, well tolerated and not different from the 
chemotherapy given alone. The reduction in myeloid cell numbers was 
confirmed and strong specific T cell responses were detected to all 
vaccine doses. A lymphocyte depleting affect was only associated with a 
low frequency of HPV specific T cells in about one third of the patients. 
Tumour regressions were observed in 43% of 72 evaluable patients. The 
patients with higher median vaccine induced response lived signifi
cantly longer as compared to those with a lower than median response 
and this difference did not reflect immune competence or any 
pre-existing HPV specific immunity. These are very encouraging results 
but the study did not investigate effects on tumour infiltration measured 
pre- and post-treatment nor was there any chemotherapy alone arm or 
randomization in the trial design. The overall group median survival in 
this study is similar to those reported for first line SOC (chemotherapy 
and bevacizumab) but show a flattened tail in the survival plots offering 
a platform for further improvement. However, this particular combi
nation treatment is unlikely to override other barriers to vaccine efficacy 
including through Tregs effects, tumour associated checkpoint inhibi
tion or HLA I downregulation which can all contribute to tumour cell 
escape in the face of effective T cell immunity. 

There are now various clinical trials that are exploring the use of 
ISA101 SLP vaccine in combination with other treatments of HPV 
related disease. For example, a phase II trial of nivolumab (anti-PD-1) 
and HPV-16 vaccination in patients with HPV 16 positive incurable solid 
tumours. The goal is to see if nivolumab combined with the ISA101 SLP 

vaccine is safe and can help to control cancer that has spread 
(NCT02426892). Another clinical study is testing utomilumab (hu
manized monoclonal antibody (mAb) versus 4-1BB), recognizing the 
CD-137 co-stimulation receptor expressed by CD4, and CD8 T cells plus 
natural killer (NK) cells, given intravenously alone or in combination 
with the ISA101 vaccine for ability to reduce or slow the growth of tu
mours in patients with incurable HPV 16 positive OPSCC. The rationale 
is that the anti-CD137 will stimulate and increase the number of immune 
cells and therefore enhance anti-tumour function (NCT03258008). 

The DNA plasmid VGX-3100 vaccine, delivered by electroporation 
intramuscularly, has been evaluated for safety, efficacy and immuno
genicity in a randomized, double blind, placebo-controlled Phase 2b 
study in patients with CIN2/3 lesions and demonstrated significant 
lesion regression and viral clearance [98]. The trial design was able to 
show an impact on the composition, magnitude, and quality of immune 
responses in the target lesions by this systemic immunization. Impor
tantly these analyses allowed the investigation of the type of immuno
logic responses associated with successful resolution of HPV-induced 
premalignancy, identifying the effector upregulation of perforin as a key 
component [48]. A prospective, randomized, double-blind, placebo-
controlled Phase 3 study to determine the efficacy, safety, and tolera
bility of VGX-3100 administered intramuscularly by electroporation in 
adult women with histologically confirmed cervical high grade squa
mous intraepithelial lesion (HSIL) (CIN grade 2 or 3) associated with 
HPV16 and/or HPV 18 is in progress. A clinical trial of treatment of 
patients with HPV 16 and/or HPV 18 high grade VIN with a combination 
of VGX-3100 vaccination and Imiquimod is nearing completion 
(NCT03180684). VGX-3100 vaccination is also being tested with more 
advanced disease including a prospective study in patients with HPV 
associated head and neck squamous cell carcinoma (NCT02163057) and 
in patients with either inoperable invasive cervical carcinoma associated 
after standard chemoradiation therapy or with persistent/recurrent 
cervical cancer following salvage therapy (NCT02172911). A trial 
combining VGX-3100 vaccination with Durvalumab in HPV positive 
OPSCC is recruiting (NCT03162224). 

The above examples serve to show a range of vaccine approaches 
that are being investigated but where the momentum was maintained in 
the early clinical studies by trial designs incorporating investigation of 
effects on the TME as well as systemic immune influences relating to 
clinical responses. Many other HPV therapeutic vaccine designs should 
follow this experience in order to maximise their potential to deliver. 

5.3. Adoptive cell therapies (ACT) 

Adoptive transfer of ex vivo expanded tumour infiltrating lympho
cytes (TIL) can be efficacious with response rates of about 30% in pa
tients with treatment refractory metastatic melanoma [99]. This 
contrasts with a general history of failure to improve patient responses 
by first enriching for putative tumour specific antigen T cell populations. 
In choosing a particular target antigen it must be assumed that any ex 
vivo expanded immunity is going to be relevant whereas the reality is 
that tumour immune control is likely to be directed against multiple 
tumour antigens reflecting the natural history of cancer and its’ genetic 
heterogeneity. It appears that such multi-target specific effectors, pre
viously inactive due to various immunosuppressive factors in the 
tumour, when expanded ex vivo and transplanted into patients 
following a conditioning regime to favour their proliferation, can 
sometimes deliver efficacious functionality. 

For HPV associated cancers the necessary viral oncogene expression 
provides some rational for attempting to expand TILs with this speci
ficity although other genetic changes may also be targets for useful and 
potentially recoverable tumour immunity. In one study, advanced cer
vical cancer patients (after chemotherapy or chemo-radiotherapy) were 
treated with a single infusion of tumour-infiltrating T cells (stimulated 
when possible for HPV E6 and E7 reactivity) with the cell infusion 
preceded by lymphocyte-depleting chemotherapy followed by IL-2. 
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Objective tumour responses were seen in 3/9 patients with the two 
complete responses sustained for 15–22 months. Importantly, an asso
ciation of HPV reactivity of the adoptive cells and the observed clinical 
responses was reported (NCT01585428). There are many factors that 
might impact efficacy of TIL treatment, any anti-tumour activity needs 
to overcome the negative influences both in the isolated TIL (by pref
erentially expansion) and in the local TME. While impressive clinical 
responses can be seen, this is not predictable, and this type of approach 
is only available where individual tumours can be harvested and the 
ACT capability available [100]. 

The engineering of T-cell receptors (TCR) or chimeric antigen re
ceptors (CAR) and their expression by effector lymphocytes can enable a 
more generic approach to ACT in some cancers [101,102]. Using an 
engineered HPV oncogene specific TCR will have a particular HLA re
striction [103] but the targeting of a single epitope in a particular MHC 
context can easily escape via HLA down-regulation, a frequent event in 
cervical and other cancers [104]. CAR-T cells require a cell surface 
tumour specific target [105], e. g CD19 in treatment of B cell leukaemia 
and lymphoma [106], and thus there is no potential for targeting HPV 
antigens. 

6. Conclusions 

HPV associated intraepithelial anogenital neoplastic lesions, identi
fied by screening (cervical vulval, vaginal, anal, penile) represent an 
early stage when the accumulation of immunosuppressive factors, the 
size and heterogeneity are relatively limited. Nether the less it is 
apparent that some lesions remain refractory to vaccine or vaccine 
combination immunotherapies. To approach the near complete cure 
rates for surgical intervention in treating CIN, further investigation of 
the factors that prevent some lesion resolution is required. The goal must 
be to find acceptable and safe combinations of treatments that can reset 
the immune system so that it can fully utilize its adaptive immune 
repertoire to eliminate all elements of any residual HPV oncogenic 
threat with sufficient efficacy. Any treatment incorporating a thera
peutic vaccine approach would also need to provide immunity against at 
least the most prevalent high-risk HPVs oncogenes. Unfortunately, many 
HPV driven cancers remain undetected including to the point where 
curative surgery is not an option. In spite of individual tumour genetic 
heterogeneity plus the magnitude of local and systemic immune sup
pressive influences, immune interventions can deliver efficacious out
comes in some cases. In later stage disease, the threshold for the 
deployment of more complex immune intervention strategies is lower 
but the dividends may be greater, especially if integrated where 
appropriate with SOC. Evidence of chemo- and radio-therapeutic com
ponents of SOC able to contribute to the recovery of effective anti- 
tumour immunity should provide momentum for further investigation 
[113–115]. 

In this context, platforms which can integrate multiplexed expression 
data (RNA, protein markers) from both individual cells and their context 
in the tissue architecture can provide a more dynamic perspective and 
understanding of immune related variations in health and disease [116, 
117]. In particular, T cell migration across vascular endothelium 
mediated by specific tissue-homing receptors is essential for any 
anti-tumour response [118] while the development of tertiary lymphoid 
structures following high endothelial venule neogenesis is thought to 
facilitate the generation of tissue-destroying lymphocytes inside 
chronically inflamed tissues and cancers [119]. How such trafficking is 
regulated during inflammation is poorly understood but being able to 
manipulate this aspect can allow the development of better immune 
therapies. Indeed, understanding the pathways involved in regulating 
the recruitment of all immune players in cancer including γδ T cells 
[120] or neutrophils [121] which are frequently overlooked is required. 
It is now clear that innate immunity can also be trained [122] and 
indeed be manipulated to deliver useful myeloid responses in some 
circumstances [123]. Evaluating how immunosuppressive “imprinting” 

may be reversed is at the heart of progress. Understanding how and 
which immune and SOC type interventions to deploy and sequence is the 
challenge. A first step should be to define some key systemic and tumour 
associated immune factors to be assessed in all treatment trials. In 
summary, the prospects are good for harnessing immunity to HPV 
associated cancers to deliver more effective treatments than the current 
regimens. 
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