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and an antibody drug conjugate. In addition, a chimeric 
antigen receptor T cell approach targeting 5T4 expressing 
tumour cells is in pre-clinical development. A key chal-
lenge will include how best to combine each 5T4 targeted 
immunotherapy with the most appropriate standard of care 
treatment (or adjunct therapy) to maximise the recovery of 
immune control and ultimately eliminate the tumour.
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Abbreviations
ADC  Antibody drug conjugate
ALL  Acute lymphoblastic leukaemia
BCP  B-cell precursor
CAR  Chimeric antigen receptor
CRP  C-reactive protein
EMT  Epithelial mesenchyme transition
ES  Embryonic stem
IHC  Immunohistochemistry
kD  Kilodalton
KO  Knock-out
LRR  Leucine-rich repeat
MSKCC  Memorial Sloan Kettering Cancer Center
MTD  Maximum tolerated dose
MVA  Modified vaccinia Ankara
NCI  National Cancer Institute
NSCLC  Non-small cell lung cancer
RCC  Renal cell carcinoma
SEA  Staphylococcal enterotoxin A
TBPG  Trophoblast glycoprotein
TIC  Tumour-initiating cell
Treg  Regulatory T cell
VEGF  Vascular endothelial growth factor

Abstract The natural history of a patient’s cancer is often 
characterised by genetic diversity and sequential sweeps of 
clonal dominance. It is therefore not surprising that iden-
tifying the most appropriate tumour-associated antigen for 
targeted intervention is challenging. The 5T4 oncofoetal 
antigen was identified by searching for surface molecules 
shared between human trophoblast and cancer cells with 
the rationale that they may function to allow survival of 
the foetus as a semi-allograft in the mother or a tumour 
in its host. The 5T4 protein is expressed by many differ-
ent cancers but rarely in normal adult tissues. 5T4 mol-
ecules are 72 kD, heavily N-glycosylated proteins with 
several leucine-rich repeats which are often associated 
with protein–protein interactions. 5T4 expression is asso-
ciated with the directional movement of cells through epi-
thelial mesenchymal transition, potentiation of CXCL12/
CXCR4 chemotaxis and inhibition of canonical Wnt/beta-
catenin while favouring non-canonical pathway signalling; 
all processes which help drive the spread of cancer cells. 
The selective pattern of 5T4 tumour expression, associa-
tion with a tumour-initiating phenotype plus a mechanis-
tic involvement with cancer spread have underwritten the 
clinical development of different immunotherapeutic strat-
egies including a vaccine, a tumour-targeted superantigen 
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Identifying tumour‑associated antigens 
with therapeutic relevance

There has been considerable effort directed at the develop-
ment of immunotherapeutic approaches for the treatment of 
cancer; many of which depend on targeting TAAs. While 
numerous TAAs have been identified, not all have the 
appropriate properties to enable safe and effective immune 
targeting. Such properties include a highly restricted 
expression profile on normal tissues but broad expres-
sion across many different cancer types. Furthermore, cell 
surface expression is an important property for antibody-
targeted therapies while the lack of a tolerised repertoire 
providing for suitable antibody or cell-mediated adaptive 
immune responses is critical to vaccine approaches.

Cancers arise through genetic changes and in some cases 
TAAs are generated through the specific driver mutations, 
translocations or viral oncogenes associated with particular 
cancers [1, 2]. These genetic changes provide for the ini-
tial development of the clonal progeny but over time addi-
tional mutations, frequently reflecting increased genomic 
instability, produce a plethora of diverse sub-clones. Thus, 
individual tumours show a variable mutational burden 
resulting in extensive inter- and intra-tumour heterogeneity 
[3]. Some clones may become more dominant, but overall 
this process generates a reservoir of independent lineages 
of branched evolution associated with a range of fitness 
for survival in the face of natural immune mechanisms or 
any exogenous therapy. Independently evolving sub-clones 
also provide the opportunity for differential seeding and 
metastatic spread. In spite of this individual patient tumour 
heterogeneity, there is increasing evidence of a significant 
association between survival and CD8 T cell infiltration 
in tumours [4]. It seems most likely that effective immune 
control must include recognition of many different idi-
otypic TAAs expressed by the heterogeneous and inde-
pendent tumour cell lineages in a patient. It is equally clear 
that multiple immune-escape mechanisms are important in 
allowing for tumour progression [5]. Controversially, it is 
possible that relapse may not always represent drug resist-
ance alone, but instead the growth of pre-existing distinct 
tumour clones released from existing natural immune con-
trol as a result of the treatments which inadvertently dam-
age the immune system.

Given that the mutational landscape of an individual 
tumour and indeed different cancers is variable, it is per-
haps not surprising that immune checkpoint inhibitors, 
such as anti-CTLA-4 and PD-1, appear to show increased 
efficacy in patients with a higher mutational load and a 
larger array of neo-antigens [6]. The intratumoural genetic 
diversity is difficult to accurately document, as it will 
reflect sequential sweeps of clonal dominance in the natural 

history of the patient’s cancer. Given the complex network 
of interacting factors, it is perhaps not surprising that iden-
tifying the most appropriate TAA for immunotherapy is 
challenging.

A further complication is the role of stem cell/develop-
mental processes relevant to normal tissue renewal that are 
also functional in tumours. Thus, teratocarcinomas, small 
cell lung and mammary carcinomas all show evidence of 
normal tissue differentiation consistent with a hierarchi-
cal tissue organisation derivative from a “cancer stem cell” 
function. There is now evidence for such stem cells defined 
by tumour-initiating cell (TIC) properties recapitulating 
the primary tissue/tumour architecture in xenograft models 
in many different cancer types [3]. In normal tissues, stem 
cells remain quiescent until requisitioned for the replacement 
of the tissue structure through differentiation and stem cell 
renewal. Thus, while not all tumour cells have TIC function, 
there is evidence of dormant TIC sub-populations that drive 
tumour growth in different cancers including breast, mela-
noma and leukaemia [3]. It is these subpopulations of cancer 
stem cells which can evade or survive the toxicity of most 
conventional chemotherapies which are mostly active on 
dividing cells. Surviving clonogenic cells provide the oppor-
tunity for acquisition of new mutations or further selection of 
different pre-existing clones and critically seed tumour pro-
gression. As such, the ability to eliminate TICs would likely 
have a profound impact on tumour progression.

This review is focused on the utility of the 5T4 onco-
foetal antigen as a target for cancer therapy in the context 
of the likely properties required of a tumour-associated 
antigen to deliver safe and effective treatment. In 2009, 
the National Cancer Institute (NCI) published results from 
a project which aimed “to develop a well-vetted, prior-
ity-ranked list of cancer vaccine target antigens based on 
pre-defined and pre-weighted objective criteria” [2]. The 
NCI project ranked 75 cancer antigens (but not includ-
ing 5T4) using a published series of weighted criteria for 
comparison of potential vaccine targets. Our conservative 
evaluation of 5T4 antigen in this process is summarised in 
Table 1; the overall score of 0.671 ranks at position 9 (of 75 
TAAs) which falls above NY-ESO-1, CEA (another onco-
foetal antigen), gp100, PSA and p53. (N.B. Other thera-
peutic modalities that use antibodies would have different 
weighted properties).

Based upon the criteria outlined in Table 1, 5T4 is an 
attractive target for immune intervention as it has many 
of the favourable properties of a TAA including a good 
tumour/normal tissue expression profile, an association 
with tumour-initiating subpopulations and several func-
tional attributes that promote cancer spread. As such, tar-
geting 5T4 expressing tumour cells could potentially have a 
significant impact on cancer progression.
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5T4 trophoblast glycoprotein (TBPG)

Antigen identification, structure and expression

5T4 Trophoblast glycoprotein was discovered in the context 
of trying to identify shared cell surface molecules that may 
function to allow survival of the foetus as a semi-allograft 
in the mother, or a tumour in its host. The rationale was that 
such shared expression would reflect common functions rel-
evant to growth, invasion or altered immune surveillance in 
the host. Murine monoclonal antibodies were raised against 
purified glycoproteins from trophoblast membrane prepa-
rations from term human placenta and initially screened 
against different cancer cell lines and human peripheral 
blood mononuclear cells. Further screening using the 5T4 
monoclonal antibody (mAb) by immunohistochemistry indi-
cated the antigen was expressed by many different cancers 
but with a restricted normal tissue distribution [7]. A series 
of biochemical and genomic studies identified 5T4 mol-
ecules as N-glycosylated proteins with an apparent molecu-
lar size of 72 kD and are encoded on chromosome 6q14-15 
[8–10]. The human gene encodes a 42 kD transmembrane 
protein core which contains several leucine-rich repeats 
(LRRs) [11] that are associated with protein–protein inter-
actions of a functionally diverse set of molecules [12]. The 
extracellular part of the molecule has several LRRs in two 
domains separated by a short hydrophilic sequence; there is 
a transmembrane domain and a short cytoplasmic sequence. 
Importantly, the 5T4-specific mAb recognises a confor-
mationally dependent epitope that relies on the integrity of 
the intramolecular S–S bonds and the indirect presence of 
the complex N-linked glycosylation [9]. When human 5T4 

was overexpressed in murine fibroblasts, the cells became 
more spindle shaped and had reduced adherence [13] while 
in normal epithelial cells there was E-Cadherin down-reg-
ulation, increased motility and cytoskeletal disruption [14]. 
The cytoskeletal disruption through 5T4 overexpression 
is dependent on the 5T4 cytoplasmic domain, which inter-
acts with TIP2/GIPC, known to mediate links to the actin 
cytoskeleton [15]. These studies were the first to indicate a 
possible association of 5T4 expression with cancer spread.

Immunohistochemistry (IHC) of frozen sections estab-
lished that the 5T4-specific monoclonal antibody detected 
antigen expression by many different types of carcinoma 
but demonstrated only low-level expression in some normal 
adult tissue epithelia [16]. Importantly, 5T4 was expressed 
in many different primary and metastatic cancers, frequently 
at high levels; in some cases, there was an additional stro-
mal expression. Linking a role for 5T4 in tumour develop-
ment and spread, it has been shown that 5T4 expression in 
colorectal, gastric and ovarian cancers correlates with poorer 
clinical outcome [21–23, 27]. A summary of the 5T4 expres-
sion by different cancers evaluated using IHC of cryostat 
sections with the original 5T4 mAb is shown in Table 2.

Several “5T4-specific” antibodies made against specific 
peptides or sequences of the 5T4 molecule have become 
available commercially. However, the specificity may not 
be identical to the original mAb as the precise epitopes 
have often not been identified and could include parts of the 
5T4 molecule which contains leucine-rich repeats which 
are shared by a large number of proteins of diverse function 
and expression. However, for antibody-targeted therapies, 
the individual property of the reagent in the context of live 
tissues is the only significant relevant property.

Table 1  5T4 properties in relation to the characteristics of an ideal cancer antigen

Criteria (weight) 5T4 weighting sub-criteria (allocated score) Overall score

Therapeutic function (0.32)
Controlled vaccine trial suggestive

Fair data controlled showing vaccine-induced clinical responses 
(75 %)

75 % × 0.32

Immunogenicity (0.17)
Immunogenic in clinical trials

T cell and/or antibody responses in clinical trials (100 %) 100 % × 0.17

Oncogenicity (0.15)
Oncogenic “self” protein

Uncertain function but increased expression correlated with decreased 
survival (25 %)

25 % × 0.15

Specificity (0.15)
Absolutely specificity

Oncofoetal antigen with little expression in adult tissue (54 %) 54 % × 0.15

Expression level and  % of positive cells (0.07) Highly expressed on most cancer cells in patients designated for treat-
ment (37 %)

37 % × 0.07

Stem cell expression (0.05) Evidence for expression on putative cancer stem cells (100 %) 100 % × 0.05

Number of patients with antigen-positive cancers (0.04) High/Low-level expression in many patients of particular tumour types 
(16 %)

16 % × 0.04

Number of epitopes (0.04) Ability to bind to most MHC molecules (100 %) 100 % × 0.04

Cellular expression location (0.02) Normally expressed on cell surface with no circulating antigen 
(100 %)

100 % × 0.02

Total score 0.6708
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5T4 and tumour‑initiating cells

There is increasing evidence for key sub-populations of 
tumour-initiating cells reflecting normal tissue renewal prop-
erties retained and exploited for advantage by developing 
cancers. Poorly differentiated tumours in NSCLC have been 
associated with shorter patient survival and shorter time to 
recurrence following treatment. Using multiple experimental 
models with clinico-pathologic analysis of patient tumours to 
delineate a cellular hierarchy in NSCLC, it has been shown 
that 5T4 is expressed on tumour-initiating cells and associated 
with worse clinical outcome. Despite heterogeneous expres-
sion of 5T4 in NSCLC patient–derived xenografts, treatment 
with an anti-5T4 antibody–drug conjugate resulted in com-
plete and sustained tumour regression. Thus, the aggressive 
growth of heterogeneous solid tumours can be blocked by 
therapeutic agents that target a 5T4 expressing subpopulation 
of cells near the top of the cellular hierarchy [29].

Using gene expression profiling of diagnostic paedi-
atric B-cell precursor (BCP)-ALL bone marrow samples 

stratified by cytogenetics for risk of relapse, it was shown 
that 5T4 protein expression correlates with risk of relapse 
[30]. A recent study using leukaemias from patients strati-
fied by treatment response (minimal residual disease 
MRD), and established as mouse primagrafts, explored the 
role of 5T4 in tumour initiation and concluded that 5T4 is a 
marker of either leukaemia-initiating cells or at least more 
immature clonogenic cells [30]. The relative resistance 
to chemotherapy and an increased incidence of relapse in 
BCP-leukaemia could be attributable to 5T4 expression 
leading to increased clonogenicity, such that a few cells can 
reconstitute disease burden.

5T4‑associated functions

5T4 and epithelial mesenchyme transition (EMT)

Overexpression of 5T4 in normal murine epithelial cells 
is associated with E-cadherin down-regulation [14] which 

Table 2  5T4 expression in 
cancer

Unpublished data are provided by Oxford BioMedica (OXB)

The table summarises the frequency of 5T4 expression in different cancers. All immunohistochemistry was 
performed using the same monoclonal antibody which was used to identify 5T4 initially. The number of 
tumours stained for 5T4 expression is shown in parentheses. Incidence figures are from
a EUCAN website (http://eco.iarc.fr/EUCAN/Default.aspx)
b  [17]
c http://www.hse.gov.uk/statistics/causdis/mesothelioma/
d [18]

Cancer Incidence % Positive 5T4 expression (N) References

Bladder EU5: 80,431a

US: 76,960b
100 (4/4) [16]

Breast EU5: 248,658a

US: 249,260b
96 (52/54) OXB unpublished data

Cervical EU5: 15,945a

US: 12,990b
100 (5/5)
97 (64/66)

[16]
[19]

Colorectal EU5: 225,502a

US: 134,490b
100 (17/17)
54 (39/72)

[20]
[21]

Gastric EU5: 50,017a

US: 26,370b
56 (15/27)
40 (35/86)
52 (32/62)

[22]
[23]
[24]

Non-small cell lung cancer EU5: 165,912a

US: 190,731b
100 (30/30)
>95 (N/A)

OXB unpublished data
[25]

Mesothelioma UK: 2,215c

US: 3,000d
100 (31/31) [26]

Ovarian EU5: 27,104a

US: 22,280b
71 (51/72)
100 (19/19)
79 (26/33)

[27]
OXB unpublished data
OXB unpublished data

Pancreatic EU5: 51,402a

US: 53,070b
100 (3/3)
>95 (N/A)

[16]
[25]

Prostate EU5: 242,887a

US: 180,890b
100 (23/23)
84 (32/38)

OXB unpublished data
OXB unpublished data

Renal EU5: 57,126a

US: 62,700b
95 (20/21) [28]

http://eco.iarc.fr/EUCAN/Default.aspx
http://www.hse.gov.uk/statistics/causdis/mesothelioma/
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is a key component of EMT; this occurs during embryonic 
development and is important for the metastatic spread of 
epithelial tumours [31]. 5T4 was shown to be a marker of 
the early differentiation of mouse and human embryonic 
stem (ES) cell, and this process involves an E- to N-cad-
herin switch, upregulation of E-cadherin repressor mol-
ecules (Snail and Slug proteins), increased matrix metallo-
proteinase (MMP-2 and MMP-9) activity and motility, all 
classic EMT features [32–35]. Undifferentiated knock-out 
(KO) E-Cadherin ES cells constitutively express cell sur-
face 5T4 molecules while antibody induced down-regu-
lation of E-Cadherin in ES cells induced 5T4 membrane 
expression, increased motility, altered actin cytoskeleton 
arrangement and a mesenchymal phenotype. These obser-
vations are consistent with E-cadherin somehow preventing 
5T4 cell surface expression; the possible mechanism being 
through stabilisation of cortical actin cytoskeletal organi-
sation. Co-expression of 5T4 and factors involved in the 
epithelial-to-mesenchymal transition was also observed in 
undifferentiated but not in differentiated lung tumour cells 
[29].

5T4 modulation of chemokine signalling

5T4 molecules have been shown to be involved in the func-
tional expression of CXCR4 at the cell surface in some 
embryonic and tumour cells [36, 37]. Both CXCL12 and 
CXCR4 expression have been associated with tumouri-
genesis in many cancers, and it is believed that CXCR4 
expression facilitates the spread to tissues that highly 
express CXCL12 including lung, liver, lymph nodes and 
bone marrow [38, 39]. 5T4 is expressed by putative leukae-
mia initiating cells in BCP-ALL, and these cells show the 
associated property of CXCL12/CXCR4 chemotaxis [30]. 
5T4-positive leukaemia-initiating cells are likely attracted 
by CXCL12 produced by extramedullary sites where there 
is decreased therapeutic bioavailability leading to disease 
relapse following treatment.

Interestingly, in the absence of 5T4 expression, CXCR7 
(the other receptor for CXCL12 with tenfold higher affin-
ity) is upregulated and activates a distinct signal transduc-
tion pathway with slower kinetics involving transactivation 
of the EGFR, with downstream consequences for prolifera-
tion/anti-apoptosis rather than chemotaxis [37]. Such dif-
ferential responses can potentially impact the behaviour of 
a primary tumour. Thus, while 5T4 surface expression by 
cells at the periphery would result in chemotactic responses 
to CXCL12, from, for example, secreting endothelial cells 
and facilitate metastatic spread where there is preferen-
tial CXCR7 expression with higher affinity for the ligand, 
detection of lower chemokine levels could lead to stimu-
lation of cell growth/survival. It appears that cell surface 
5T4 associates with the use of the CXCR4 rather than the 

CXCR7 receptor, and the balance of the receptor expres-
sion impacts through CXCL12 exposure to support both 
the spread and growth of a tumour [40].

5T4 modulation of Wnt signalling

Wnt protein intracellular signalling is a central compo-
nent of many aspects of cellular regulation critical to nor-
mal development, homoeostasis and regeneration, while 
misregulation can lead to disease, including cancer [41]. 
There are two pathways, the most characterised being the 
canonical Wnt/β-catenin pathway while non-canonical Wnt 
signalling through a cell autonomous planar cell polarity 
(PCP) type pathway can drive the modulation of actin and 
microtubular skeletons facilitating cell movement in devel-
opment of cancer. 5T4 has been shown to interfere with 
Wnt/β-catenin signalling and concomitantly activate non-
canonical Wnt pathways. 5T4 binds to the Wnt co-receptor 
LRP6 and inhibits Wnt-induced LRP6 internalisation into 
endocytic vesicles, a process that is required for pathway 
activation thereby modulating Wnt/β-catenin signalling by 
regulating LRP6 subcellular localisation. In addition, 5T4 
enhances β-catenin-independent Wnt signalling in promot-
ing a non-canonical function of Dickkopf1 [42]. These 
results suggest that 5T4 facilitates pathway selection in 
Wnt-receiving cells, inhibiting Wnt/β-catenin canonical 
while concomitantly activating the non-canonical Wnt sig-
nalling pathway associated with increased motility [40]. 
1.8 Å resolution crystal of the extracellular domain of 5T4 
and associated cell biological studies have provided a struc-
tural basis for inhibition of Wnt/β-catenin signalling [43].

Exploiting 5T4 expression for cancer therapy

The selective pattern of 5T4 tumour expression, associa-
tion with a tumour-initiating phenotype plus a mechanis-
tic involvement with cancer spread have underwritten the 
development of several different immunotherapeutic strate-
gies (see Fig. 1). The approaches which have reached clini-
cal development include a vaccine, a tumour-targeted supe-
rantigen and an antibody drug conjugate; each is discussed 
below.

5T4 vaccine development

Preclinical studies

Prior to the clinical development of a vaccine approach 
targeting 5T4, it is important to show therapeutic activity 
in animal tumour models and the presence of a T cell rep-
ertoire in humans; results from such studies are described 
below. The availability of a 5T4 KO mouse provided an 
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opportunity to analyse the mechanisms by which endog-
enous expression of 5T4 influences autologous T cell 
immunity and tolerance. 5T4 is expressed in the murine 
thymus and could potentially influence the repertoire and/
or induction of specific regulatory T cells (Tregs) impact-
ing either natural or vaccine-induced immunity. Vaccina-
tion of 5T4KO mice with a recombinant adenovirus vector 
expressing murine 5T4 produced strong responses to CD8 
and CD4 m5T4 T cell epitopes, while in wild-type (WT) 
mice the responses were either significantly reduced (only 
low avidity CD8) or absent (CD4). It appears that in WT 
mice naturally occurring 5T4-specific Tregs are prefer-
entially generated whereas in 5T4KO mice 5T4-specific 
CD4 T helper cells are produced. [44]. Therefore, clonal 
deletion and/or active suppression by Tregs is involved in 
the development of 5T4 tolerance in WT animals and this 
might potentially limit the immunogenicity of 5T4 vaccines 
in humans.

The use of a viral vector such as modified vaccinia 
Ankara (MVA) to deliver 5T4 may overcome lack of 
5T4-specific T helper cells and was chosen to evaluate 
immunogenicity and anti-tumour activity in pre-clinical 

studies [45]. Importantly, immunisation of mice with 
MVA expressing human or mouse 5T4 constructs (MVA-
5T4 or MVA-m5T4, respectively) induced 5T4-specific 
antibody responses. Vaccination of mice with MVA-5T4 
protected them against challenge with syngeneic tumour 
cells expressing human 5T4, and this effect was medi-
ated by 5T4-specific antibodies and was dependent on 
the presence of CD4 T cells. Immunisation of mice with 
MVA-m5T4 was able to protect against challenge with 
B16 cells expressing m5T4 and, importantly, there was 
no sign of autoimmune toxicity. Vaccination with MVA-
5T4 was also able to treat established CT26-h5T4 lung 
tumours and to some extent B16.h5T4 subcutaneous 
tumours.

In terms of an immune repertoire in humans, CD8 and 
CD4 T cells recognising HLA-restricted 5T4 peptides 
were identified by methods using monocyte-derived den-
dritic cells (DC) to stimulate peripheral blood lymphocytes 
from healthy individuals with the absence of CD4 T cells 
or depletion of T regulatory cells, respectively, a require-
ment [46, 47]. Collectively, these data supported the clini-
cal development of MVA-5T4 (TroVax®).
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Fig. 1  Integrated 5T4 regulation of both chemokine and Wnt path-
ways acts to promote tumour cell migration and spread. Cell surface 
5T4 expression is associated with a mesenchymal phenotype, a Wnt 
non-canonical influenced cytoskeletal organisation for motility and 
facilitation of CXCL12/CXCR4-directed chemotaxis (purple path-
ways and phenotypes). 5T4 negativity is associated with epithelial 

morphology with E-Cadherin-mediated adhesions, canonical Wnt-
responsive pathways and a CXC12/CXCR7 favoured proliferation/
anti-apoptopic outcome (blue pathways and phenotypes). Both non-
canonical (purple) and canonical (blue) Wnt ligands are made by 
tumour-associated tissues; CXCL12 is often made by vascular epithe-
lium



421Cancer Immunol Immunother (2017) 66:415–426 

1 3

Clinical studies of TroVax®

TroVax has been tested in 10 phase I and II studies in renal, 
colorectal and prostate cancer; all of which demonstrated 
that TroVax was well tolerated and induced 5T4-specific 
antibody and/or cellular immune responses in the majority 
of patients. Surprisingly, while only low-level 5T4-specific 
T cell responses were detectable in mice after multiple 
rounds of in vitro restimulation, 5T4-specific responses 
could be detected ex vivo in many patients vaccinated with 
TroVax. Indeed, ex vivo IFN-gamma ELISPOT responses 
in excess of 1 5T4-specific T cell per 10000 PBMCs were 
seen in patients with colorectal cancer [49, 50], prostate 
cancer [52] and renal cancer [55–57]. Importantly, such 
immune responses were associated with signs of clini-
cal benefit in 7 of the 10 phase I and II clinical studies 
(Table 3).

Following these encouraging results, TroVax was tested 
in a phase III trial in 733 patients with metastatic renal can-
cer. While TroVax was shown to be safe and well tolerated 
in these patients, it failed to meet its primary endpoint as 
there was no significant difference in the survival of Tro-
Vax and placebo-treated groups. However, in the subset 
of patients with a good prognosis (MSKCC grade 0) and 
receiving IL-2, a significant increase in overall survival was 
seen in the TroVax group compared to the placebo group 
(P < 0.05) [58]. Furthermore, as demonstrated previously 
in numerous phase I and II studies [59], a strong associa-
tion between 5T4 antibody response and enhanced sur-
vival was detected (P < 0.01) [60]. In addition, exploratory 
analyses identified a number of pre-treatment haematologi-
cal factors which predicted those patients who were more 
likely to (a) mount the strongest 5T4-specific antibody 
responses and (b) show improved survival when treated 
with TroVax. The key factors identified were all associated 

with an inflammatory “signature” and included C-reactive 
protein (CRP), platelets, IL-6, vascular endothelial growth 
factor (VEGF), monocytes and haemoglobin levels [61].

From the outset, the clinical development of cancer vac-
cines has largely followed the paradigm used for cytotoxic 
agents; namely studies have been performed in patients 
with late-stage metastatic disease who have large tumour 
burdens and may have already failed one or more lines of 
treatment. Furthermore, tumour responses have often been 
used as indicators of efficacy. Such development paradigms 
may well be inappropriate for immunotherapy agents 
(including the new wave of promising immune checkpoint 
inhibitors).

A better understanding of the complex, multi-faceted 
immune interactions which occur in oncogenesis, and in 
particular the negative influence of a highly inflammatory 
environment on induction of a 5T4 responses or treatment 
benefit for TroVax-treated patients has led to changes to 
the clinical development of TroVax. The approach uses 
an enrichment strategy through a trial design utilising bio-
marker data to provide inclusion/exclusion criteria so as 
to target patients most likely to benefit from a cancer vac-
cine. This approach has been applied to the phase I and II 
investigator-led studies of TroVax in early-stage prostate 
cancer patients (VANCE; NCT02390063), malignant pleu-
ral mesothelioma (SKOPOS; NCT01569919), colorectal 
cancer (TaCTiCC; ISRCTN54669986) and ovarian cancer 
(TRIOC; NCT01556841).

5T4 antibody superantigen therapy

The principle underwriting this approach is to harness the 
ability of bacterial superantigens to activate large num-
bers of human T cells by binding to the T cells through 
the TCR vbeta chain family and replacing the interaction 

Table 3  Correlation of 5T4-specific immune responses with clinical benefit in phase I, II and III trials of TroVax in patients with colorectal, 
prostate and renal cancer

Indication Trial phase Treatment regimen Nos. Correlation between 5T4 immune response and clinical benefit References

Overall survival Progression-free survival Tumour response

Colorectal cancer I None 22 P < 0.01 – – [48]

II FOLFOX 17 – – P < 0.05 [49]

II FOLFIRI 19 – – – [50]

II None 20 P < 0.05 – – [51]

Prostate cancer II ±GM-CSF 27 – P < 0.05 – [52]

II Docetaxel 25 – P < 0.1 – [53]

Renal cancer II High-dose IL-2 25 – – – [54]

II Low-dose IL-2 25 P < 0.05 – – [55]

II ±IFN-α 28 – P < 0.05 – [56]

II IFN-α 11 – – – [57]

III IL-2, IFN-α or Sunitinib 733 P < 0.01 [58]
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with MHC class II with the specificity of a TAA-targeting 
antibody. Therapeutic efficacy comes from direct lysis of 
tumour cells by the engaged T cells along with secretion of 
cytokines providing for bystander antitumour activity [62].

Preclinical studies

Early pre-clinical studies utilised a 5T4-specific antibody 
derived Fab–SEA fusion (ABR-214936) which contained a 
point mutation in the staphylococcal enterotoxin A (SEA) 
sequence. This mutation reduced binding to MHC class II 
while showing 5T4 specific superantigen antibody-depend-
ent cellular cytotoxicity, reduced toxicity via class MHC 
II and demonstrated efficacy in murine xenograft tumour 
models [63].

Clinical studies

Initially, an open-label phase I study of ABR-214936 was 
undertaken in patients with non-small cell lung, renal 
cell or pancreatic cancer. In this study, a maximum toler-
ated dose (MTD) was determined and was a function of 
pre-existing anti-SEA antibody levels [64]. A subsequent 
phase II trial in RCC patients showed encouraging sur-
vival data relative to historical comparators [65]. Impor-
tantly, patients receiving higher drug exposure exhibited 
better disease control and survival than expected and this 
correlated with sustained IL-2 production at day 2. These 
data supported the development of a next-generation ther-
apeutic molecule (ABR-217620, also called ANYARA) 
that aimed to further reduce any residual toxicity through 
MHC class II binding and reduction in antigenicity of the 
superantigen. This version is a hybrid SEA/E-120 supe-
rantigen sequence showed reduced binding to pre-formed 
anti-superantigen antibodies, lower toxicity, higher affinity 
for 5T4, and improved tumour cell killing [66, 67]. Further 
studies established a MTD and dose–dependent induction 
of biomarkers for T cell activation (IL-2 and interferon-
gamma), selective expansion of ANYARA reactive T cells, 
infiltration of T cells and selective retention of ANYARA 
in tumour tissue [68]. These data collectively supported 
the initiation of a phase II/III trial of ANYARA in combi-
nation with interferon-alpha versus interferon-alpha alone 
in 513 patients with advanced RCC. The safety profile was 
similar to previous studies but the primary endpoint of 
overall survival was not reached [69]. A major confound-
ing factor was believed to be the fact that the majority of 
the patients showed higher levels of pre-formed antibodies 
against the superantigen component of ANYARA than had 
been previously documented in patient populations in the 
UK and USA. A subgroup analysis, excluding patients with 
high levels of pre-formed antibodies, resulted in a trend 
for survival benefit with ANYARA treatment. Of note was 

the observation that high baseline levels of IL-6 correlated 
with a poorer outcome; this was also seen in trials of RCC 
patients treated with TroVax. When the outcome of approx-
imately 25 % of patients with low/normal levels of base-
line IL-6 and low anti-superantigen antibody levels were 
assessed, a statistically significant treatment advantage for 
overall survival was seen (P = 0.02, HR = 0.59). This is 
of importance since in North America and Western Europe, 
this represents 40–50 % of all the advanced renal cell can-
cer patients. The potential of combining ANYARA with a 
tyrosine kinase inhibitor in the favourable RCC subgroup is 
being explored.

5T4 antibody drug conjugate: development and clinical 
testing

Antibody drug conjugates (ADCs) chemically combine 
a cytotoxic drug with the targeting specificity of an anti-
body. Preliminary research by Boghaert et al. [70] aimed 
to combine the tumour specificity of a 5T4 monoclonal 
antibody with double-strand DNA break inducing toxin 
calicheamicin. The toxic effector moiety is only released 
after engagement of the antibody with its target antigen 
and subsequent internalisation of the ADC. This drug con-
jugate showed efficacy in several tumour models including 
an orthotopic model for 5T4-positive lung cancer. As docu-
mented earlier, 5T4 is expressed on tumour-initiating cells 
(TICs) in NSCLC and its expression on primary tumours 
correlates with worse clinical outcome [29]. Anti-5T4-
ADC caused tumour regression, and no regrowth in two 
patient-derived xenografts, independently of heterogeneity 
or different levels of 5T4 expression predominantly at the 
lung tumour–stroma interface. Further studies showed the 
superior long-term efficacy of an ADC which can target 
TICs when compared with a conventional cisplatin treat-
ment [29].

A subsequent development utilised a different internalis-
ing 5T4 humanised monoclonal antibody (A1) conjugated 
to the tubulin inhibitor, monomethyllauristan F (MMAF) 
via a maleimidocaproyl linker. A1mcMMAF has proven 
very effective in vivo with induction of long-term regres-
sion in several tumour models [71]. Drug release specifi-
cally in the tumour tissue with associated mitotic arrest 
has been demonstrated. Once again, a complete pathogenic 
response was independent of the degree of heterogeneity 
in 5T4 expression consistent with the targeting of TICs. 
Recent studies have provided a biological rationale for 
combination treatments of 5T4-ADC with PI3 K/mTOR 
pathway inhibitors or taxanes where the synergies observed 
may be derivative from the cellular impact of the auristatin 
[72]. Toxicity and pharmacokinetics of the conjugate have 
been analysed in the cynomolgus monkey where 5T4 is 
recognised by the A1 antibody. The A1mcMMAF was not 
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toxic up to 10 mg/kg/cycle × 2 and displayed a half-life of 
5 days with the free drug remaining very low in the plasma 
of monkeys. These observations suggest that the A1mcM-
MAF provides sufficient targeted payload to the tumour 
tissue with limited non-specific exposure of the cytotoxic 
agent. A full clinical evaluation of this drug is awaited.

Utilising chimeric antigen receptor (CAR)‑T cells 
to target 5T4

Genetic modification of T cells to express chimeric antigen 
receptors (CARs) can produce effector populations with 
defined antigen specificities that function independently of 
the natural T cell receptor (TCR). Typically, an immuno-
globulin-derived single-chain variable fragment (scFv) is 
fused to the TCR CD3ζ signalling domain for T cell activa-
tion and sometimes co-stimulatory elements such as CD28 
or 4-1BB or inducible IL-12 production are incorporated 
to promote survival and expansion of CAR-T cells in the 
patient. Recent clinical testing of such modified T cells has 
been encouraging; indeed, the CAR-T cell field was cata-
lysed by the stunning responses seen in patients with hae-
matological malignancies (particularly B-ALL) [73, 74]. 
While these early results in haematological malignancies 
await formal confirmation in larger registration track stud-
ies, trials are ongoing to determine whether these results 
can also be replicated in solid tumours. Early results in 
solid tumours have been less compelling than the response 
rates reported in B-ALL [75]. However, it is clear that 
treating solid tumours, compared to haematological can-
cers, presents a different proposition both physically and 
technically which may require changes to the technology, 
clinical trial design and efficacy assessments. Like cancer 
vaccines before them, it is perhaps more realistic to expect 
that CAR-T cells used to treat solid tumours will deliver 
relatively slow tumour regression resulting in long-term 
stable disease and therefore increased survival rather than 
induction of rapid complete responses. Improvements to 
the CAR-T cell technologies may also be required to opti-
mise cell growth, persistence and efficacy in the presence 
of large, hypoxic solid tumours which have multiple mech-
anisms to subvert host immune responses [76].

Human T cells expressing a first-generation 5T4-specific 
CAR construct showed specific cytokine release and cyto-
toxicity in vitro against 5T4-positive targets [77]. The con-
struct required an extracellular spacer region in contrast to 
CARs using scFv against CEA and CD19 which might relate 
to the relative accessibility of the target antigen epitopes. 
This 5T4 CAR was used to modify T cells from patients with 
renal cell carcinoma (RCC) and kill RCC cells in vitro [28]. 
Furthermore, treatment of mice bearing 5T4-expressing B16 
tumours with syngeneic T cells transduced with the first-
generation CAR resulted in enhanced survival; the survival 

benefit was enhanced by combining CAR-T cell treatment 
with a vaccine targeting 5T4, thus providing evidence of 
synergy when used in combination [78].

Targeting 5T4 using a CAR-T cell approach is attrac-
tive for a multitude of reasons (many of which are listed in 
Table 1); these include the fact that 5T4 is expressed on the 
cell surface (and is therefore accessible to a CAR), is pre-
sent on a wide range of solid tumours (in which expression 
often correlates with poor prognosis) and has been shown 
to be a marker of tumour-initiating cells in some cases.

Future perspectives

The key future challenge will be how best to combine 
available 5T4 immunotherapy(s) with standard of care 
treatments to maximise the recovery of the immune control 
and ultimately eliminate the tumour [79–81]. Development 
of treatment protocols will need to address the different 
mechanisms that contribute to immune evasion and which 
impact antigenicity (e.g. MHC downregulation), immuno-
genicity (e.g. ineffective APC function) and generate an 
immunosuppressive microenvironment in a cancer (e.g. 
Tregs and immunosuppressive macrophages). Radiation 
treatment can promote some useful potential synergies with 
immunotherapies such as increased MHC expression, acti-
vation of DCs, useful inflammatory cytokines (TNFα, IL-1, 
IL-2) and increased tumour infiltrating lymphocyte densi-
ties but can also induce immunosuppressive cytokines, 
(TGFβ), Tregs and induction of checkpoint inhibitor 
expression by tumour cells. Subsequent induction of T cell 
anti-tumour immunity could be achieved by a TAA vaccine 
possibly combined in a temporally favourable way with 
chemo- or radiotherapy to induce immunogenic tumour cell 
death, or through the use of immune checkpoint inhibitors. 
The use of an immune checkpoint inhibitor in combination 
with a 5T4-targeted vaccine is especially interesting given 
the clear correlation between the magnitude of 5T4-spe-
cific immune responses and clinical benefit seen in multi-
ple clinical trials. Adoptive transfer of CAR-T cells is an 
attractive means for changing the balance of immune fac-
tors in favour of at least short-term tumour control. How-
ever, longer term control may also require the reversal of 
mechanisms of immune tolerance by inhibiting suppressive 
factors like TGFβ, IL10, etc. and/or by using checkpoint 
inhibitors. This can provide the means for recovery of the 
immune repertoire of the patient to deal with the hetero-
geneity of any residual tumour through activation of new 
and/or recovery of existing anti-tumour CTL targeting mul-
tiple TAA. Through the maturation of existing technologies 
and the selection of combinatorial therapies which lead to 
synergistic effects, it is hoped that immune-based therapies 
will become the central therapeutic modality in the fight 
against cancer.
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