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Review

Introduction

Active immunization (or vaccination) as we would recog-
nize today, historically focused on the prevention of specific 
infectious diseases (ID) starting with smallpox in the late 17th 
/ early 18th centuries. Prophylactic vaccines have proved gen-
erally highly effective and currently infants in the UK are pro-
tected against 25 different IDs by four months of age. A related 

procedure, the administration of antibodies (passive immuniza-
tion) started with diphtheria antibodies (antitoxin), first given 
successfully on Christmas Day, 1891. (Parrish 1968) The basis 
for such approaches is to make use of the same host mechanisms 
that would normally eliminate infection.

Concurrently, similar approaches began for the treatment of 
cancer. As with IDs they were based on the principle of iden-
tifying a difference(s) between tumor and normal cells and 
using these to facilitate host elimination of the tumor. Although 
work started in the 18th century, it wasn’t until the 20th cen-
tury that the use of either vaccines or antibody preparations, or 
combinations, to treat certain cancers became more widespread. 
Therapeutic immunization anti-tumor approaches form the basis 
of this review - of considerable importance given that in high 
income countries slightly more than 12% of all deaths are due to 
lung, colorectal, breast and stomach cancers: with stomach and 
lung cancers causing just over 5% of deaths in middle income 
countries.24

Therapeutic vaccines and cancer treatment

The concept that modulation of host response to the tumor 
might be a potential approach to cancer treatment was recog-
nized at the end of the 19th century when Coley (USA) and 
Fehleisen (Germany) both independently reported some suc-
cess in the treatment of malignancy by injecting live or killed 
bacteria, either into the patient or directly into the tumor.11,7,8 
The approach was based on the clinical observation that some 
patients post-surgery had an improved outcome if they devel-
oped an infection with associated fever. The results, however, 
were not consistently reproducible and the approach was not 
widely adopted. Nevertheless, the value of such Mixed Bacterial 
Vaccines (MBVs) or Coley’s Toxins as they were also known, was 
the stimulus it provided for future research in the area.

In 1884, Nuttall in collaboration with Flugge suggested that 
protection against particular pathogens was due to chemicals 
released by cells present in blood.2 These “antidotes” (synonym 
opsonins or bacteriotropins) were identified and successfully 
used to treat a number of infections including diphtheria and 
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Vaccination started around the 10th century AD as a means 
of preventing smallpox. By the end of the 19th century such 
therapeutic vaccines were well established with both active 
and passive preparations being used in clinical practice. 
Active immunization involved administering an immunogen 
that might be live/ attenuated, killed/ inactivated, toxoid or 
subunit in origin. Passive immunization involved giving pre-
formed antibodies, usually to very recently exposed individu-
als. At about the same time such approaches were also tried 
to treat a variety of cancers – proof of principle for the pro-
tective role of the immune response against malignancy was 
established by the observation that tumors transplanted into 
syngeneic hosts were rejected by the host innate and adap-
tive responses. The impact of these therapeutic vaccination 
has taken a considerable time to become established - in part 
because target antigens against which an adaptive response 
can be directed do not appear to be uniquely expressed on 
malignant transformed cells; and also because tumor cells are 
able to manipulate their environment to downregulate the 
host immune response. Therapeutic cancer vaccines are also 
divided into active and passive types – the latter being sub-
divided into specific and non-specific vaccines. Active immu-
nization utilizes an immunogen to generate a host response 
designed to eliminate the malignant cells, whereas in passive 
immunization preformed antibodies or cells are administered 
to directly eliminate the transformed cells - examples of each 
are considered in this review.
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pneumococcal disease. The same approach was subsequently 
applied to cancer, with different animal species being immunized 
with malignant cells in the expectation that the resultant antisera 
could be used to treat human disease: the results, however, were 
uniformly unsuccessful.

Support for cancer treatment by vaccination did however 
come from the later observation that tumor cells transplanted 
into a different host do not multiply but are killed by host 
defenses. That this was not rejection of “foreign” tissue by 
cytotoxic T lymphocytes (CTL) cell activity due to major his-
tocompatibility complex (MHC) mismatching, but rather rec-
ognition (and elimination) of the expressed cancer associated 
immunogens in the transplanted tumor cells, was due to the 
transplantation being performed between genetically identical 
(syngeneic) animals.

Infectious disease immunity induced by active/ 
passive immunization

Active immunization involves administering the pathogen, 
or a part of the pathogen (a Pathogen Associated Molecular 
Pattern - “an immunogen”), which is then recognized by an 
Antigen Presenting Cell (APC), usually a Dendritic Cell (DC) 
either through surface or endosome expressed receptors (Pattern 
Recognition Receptors). Where the immunogen is recognized 
by surface receptors (for example Toll-like receptor 4) it is taken 
into the DC through receptor-mediated endocytosis; when it 
is taken up by micropinocytosis, intracellular receptors (eg 
Nucleotide Oligomerisation Domain Proteins) are involved. By 
whichever mechanism cell entry is affected, the immunogen is 
then degraded into small peptidea fragments either in the pha-
golysosome or the cytosol – how the peptide fragments are then 
further processed depends on the site of degradation.

Peptide fragments generated in the phagolysosome are bound 
there to (MHC) II molecules and the MHC II-peptide complex 
then migrates through the cytoplasm to the cell surface: a simi-
lar process occurs with cytosolic processed peptide fragments 
but here the peptide fragments are bound to MHC I molecules.

Immunogen recognition and processing by either mecha-
nism meanwhile activates the APC causing it to migrate to local 
peripheral lymphoid organs (e.g., draining lymph nodes or gut 
associated lymphoid tissue) where the MHC-peptide complex 
is presented to naïve T cells. This process is enhanced by the 
use of adjuvants, which may be based on depot adjuvants (for 
example alum), DC activators (for example MonoPhosphoryl 
Lipid) or Proinflammatory molecules (for example MF59).

Simultaneous delivery of MHC II-peptide complex together 
with both co-stimulatory and cell-cell adhesion molecules by 
the APC to the T cell receptor and the associated CD3 com-
plex of membrane proteins activates the naive T helper (T

H
) 

cell, which then secretes Interleukin (IL) 2 causing the same 
T helper cell to differentiate into an effector T helper cell and 
then undergo proliferation through clonal expansion with some 
cells also becoming memory cells.

Effector T helper cells become either T
H
1 or T

H
2 cells, iden-

tifiable because of their CD4+ surface glycoprotein. The former 
are induced when the APC presents peptide associated with 
MHC II molecules in the presence of IL-12, whereas the latter 
require MHC II peptide presentation in the presence of IL-4 
and IL-2.

T
H
1 cells exhibit several functions – they activate macro-

phages to kill pathogens they have internalized, they secrete cyto-
kines that activate cytotoxic T cells, they induce B cells to change 
the type of immunoglobulin (Ig) G molecule they secrete (“class 
switching”), and they assist the recruitment of leucocytes to the 
site of an inflammatory process. T

H
2 cells promote the differen-

tiation of naïve T cells down the T
H
2 pathway, while inhibiting 

them entering the T
H
1 pathway: they also cause class switching 

in B cells and are involved in IgE secretion.
CTLs, identifiable by their CD8+ surface molecule, are acti-

vated through their T cell receptor by APCs presenting peptide 
in conjunction with MHC I molecules – this is analogous to 
activation of T helper cells. Cells that recognize specific pep-
tides undergo clonal expansion and some will become long-
lived memory cells. Any infected cell that subsequently presents 
the same peptide together with MHC I will then be induced to 
undergo programmed cell death (suicide, synonym apoptosis). 
CTLs provide protection against intracellular infections (e.g., 
viruses), tumor cells and mismatched transplanted tissues.

Thus the type of MHC molecule presenting the pathogen-
derived peptide determines the response – MHC I molecules 
activate CTLs, whereas MHC II molecules activate B cells, T

H
1 

and T
H
2 cells. All nucleated cells in the body express MHC I 

molecules but only APCs (macrophages, dendritic cells and B 
cells) have MHC II molecules.

Passive immunization is based on administering pre-formed 
antibodies, which are obtained from a convalescent donor or 
in the case of respiratory syncytial virus, are commercially pre-
pared. The same process provides the basis for natural acquired 
immunity from mother to child either transplacentally or 
through breast milk.

Antibodies whether induced by active immunization or pas-
sively acquired exert their prophylactic ID effects by blocking 
a pathogen attachment molecule or secreted toxin (neutralizing 
antibodies), activating complement through the classical path-
way (Complement Dependent Cytotoxicity, CDC), or facili-
tating antibody dependent cell cytotoxicity (ADCC). ADCC 
involves natural killer (NK) cells, macrophages, neutrophils 
or eosinophils recognizing an Fc receptor on an infected cell 
bound with IgG molecule, for example FcγRIII, ligating to it 
and then inducing cell lysis. The downstream signaling effects 
of the antibody-receptor ligation are important.

Cell mediated immunity involves either inducing apoptosis 
of infected cells by CTLs, upregulation of intracellular killing 
mechanisms by T

H
1 cells, or facilitating the activities of other T 

cells (T
H
2 cells).

For both antibody and cell mediated immunity the immune 
response is specific to the immunogen(s).
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Tumor immunity induced by active/ passive 
immunization

As the lifetime risk of developing a tumor in the UK is just 
under 50%, presumably up to half the population may have an 
immune response that can eliminate malignant cells. In the other 
half, some individuals with particular malignancies may have 
both lymphocytes and antibodies directed against tumor cells – 
the former are able to activate cell-mediated immune responses, 
while the latter can bind to malignant cells; however, this doesn’t 
necessarily result in tumor eradication because either the tumor 
suppresses the normal host adaptive immune response that would 
be expected to eradicate the “abnormal” malignant cells, or the 
tumor cells are sufficiently indistinguishable from normal tissue 
that the host adaptive immune response to the abnormal cells is 
insufficient to eliminate the tumor. Such downregulation of the 
host response to malignancy is paralleled by ID pathogens, which 
are able to evade host innate and adaptive responses through a 
variety of mechanisms – Staphylococcus aureus for example 
secretes Protein A that binds to IgG so preventing its action, 
and the influenza virus attachment molecule, haemagglutinin, 
undergoes antigenic drift.

Two key functions of either the active or passive immuniza-
tion approach are to first present the tumor immunogen in such 
a way that an appropriate adaptive immune response is generated, 
and second to modulate the tumor cells’ ability to suppress the 
host response. While progress in these two areas is happening 
as discussed below, it is slow and incomplete so that at present 
cancer vaccines (active) and/or antibodies (passive) are only used 

as an adjunct to conventional treatments where disease outcome 
is poor or recurrence rates are high.

It is believed that similar mechanisms in part explain the 
anti-tumor effects of antibodies induced by therapeutic cancer 
vaccines – that is blocking a receptor ligand interaction, CDC 
or ADCC.20 However, additional effects of antibodies may be 
mediated through effects on tumor vasculature or stromal tis-
sue, agonist effects on the receptor, and use of the antibody to 
deliver a drug to the malignant cell: antibody preparations that 
modulate the host’s immune response to the tumor have also 
been developed.

There appear to be at least four mechanisms to explain the 
effectiveness of active immunization with tumor vaccines – first 
antibody generation as with the passive immunization approach 
discussed above: second anti-tumor CTL activity: third using the 
vaccine to deliver immunomodulatory molecules to the tumor 
environment (ADC as discussed previously) and finally a non-
specific enhancement of the host immune response.

The final step in the pathway, namely tumor cell lysis occurs 
through a cell mediated immune response that involves both 
Natural Killer (NK) and CTLs – evidence for this is based on 
the increased incidence of malignancy in both immunodeficient 
and T cell deficient individuals.22

Prophylactic vaccines and cancer prevention

Although not used for cancer treatment it is important to 
mention two prophylactic ID vaccines, which prevent infection 

Table 1. Therapeutic Cancer vaccines

Approach to 
Immunization

Target Subtype Example Comment

Active
Specific

Whole (irradiated) cell GVAX prostate
Immunogen is irradiated autologous malignant 

pancreatic cells: also contains GM-CSF 
transfected gene and ipilimumab

Component cell 
vaccine

Peptide, protein, tumor lysate 
and shed antigen vaccines 

have been developed
Non licensed as of May 2014

Non-specific
Live, attenuated 

vaccine
BCG vaccine

Local tumor instillation (eg bladder cancer) 
enhances immune response

Passive

Specific

Antibody trastuzumab Blocks Human Epidermal Growth Receptor 2

Antibody Drug 
Conjugate

brentuximab vedotin
Antibody targets malignant cell releasing the 

fused antineoplastic drug

Autologous or 
allogeneic T cells

Tumor invading lymphocytes, 
CTLs, TH and T regs cell 

vaccines developed

Termed adoptive T cell therapy – non licensed 
(May, 2014)

Non-specific

Antibody ipilimumab CTLA4 blocking antibody

Autologous or 
allogeneic T cells

Tumor invading lymphocytes, 
CTLs, TH and T regs cell 

vaccines developed

Termed adoptive T cell therapy – non licensed 
(May 2014)

a This discussion relates to a peptide immunogen only.
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and stop subsequent cancer development. The hepatitis B virus 
(HBV) vaccine has shown proven efficacy in the prevention of 
HBV associated hepatocellular cancer, and there are similar 
high expectations that the bivalent and quadrivalent first gen-
eration adjuvanted Human Papilloma Virus (HPV) vaccines 
(Cervarix and Gardasil respectively) will have a similar impact 
on cervical cancer. It is believed that the effectiveness of both 
HPV vaccines is based on their generating a B cell associated 
adaptive humoral response to the L1 immunodominant mol-
ecule with HPV specific antibodies in cervical mucus prevent-
ing virus cell entry through a neutralizing antibody response. 
This then prevents the subsequent changes to the cell replica-
tion cycle induced by the virus that lead to cervical or other 
ano-genital malignancies.6,5,4 The use of an aluminum adjuvant 
with Gardasil and a DC activator adjuvant with Cervarix is key 
to their effectiveness.

Therapeutic vaccines and cancer treatment

Both active and passive immunization approaches have been 
applied to cancer treatment. Passive immunization involves the 
administration of either an antibody against a defined antigen 
(s), or a reactive lymphocyte that recognizes the malignant tumor 
cell. Furthermore, passive immunization may be non-specific 
where the aim is to activate a generalized host adaptive immune 
response, or specific when the objective is a targeted response 
against a particular malignant cell. Passive immunisation can 
also be used to deliver a drug to a defined (malignant) cell 
whereby antibodies against a cell antigen are used for targeting 
and delivering the drug. See Table 1.

Active immunization similarly can be non-specific or specific 
with the same expected outcomes as for passive immunization 
i.e., a non-specific vaccine is administered in the expectation that 
the resulting generalized activation of the host adaptive immune 
response will eliminate the malignant cells. In contrast a specific 
vaccine is based on administering an antigen (or more accurately 
an immunogen) to an individual with a malignancy in the expec-
tation that they will develop an antibody, a CTL, or combina-
tion response, which will then target a defined tumor associated 
antigen(s) (TAA) and eliminate the malignant cell - an active 
cancer vaccine may be constructed from a component(s) of the 
cell or the whole cell, rather like the subunit and whole cell ID 
vaccines respectively. More complex vaccines that use both spe-
cific and non-specific components have also been developed – for 
example GVAX Prostate, see below.

Passive immunization and cancer treatment

Passive immunization for cancer involves administering either 
antibodies or CTLs; for antibodies they can act in a non-specific 
or specific manner as discussed below.

Antibody based: non-specific
Many tumors have the ability to downregulate the host 

immune response and enable their survival and continuing 

growth; preformed antibodies may therefore be administered 
with the aim of modulating the tumor immune environment in 
favor of the host. One example of such an approach relates to the 
process of APC antigen presentation to a T lymphocyte where 
activation of this latter cell requires that the MHC-TAA com-
plex is presented with the co-stimulatory molecule CD28, which 
ligates with B7 facilitating activation of the T cell and initiating 
the adaptive host response – in the context of an infection, then 
after the pathogen had been eliminated, the activated clone of 
T cells would secrete CTL Antigen 4 (CTLA4) which would be 
transported to the APC-T cell synapse to bind with high affinity 
to the B7 molecule so limiting T cell activation and terminating 
the infectious response.

The survival mechanism for certain tumors is to promote 
their growth and metastasis by encouraging CTLA4 production 
and so downregulating the T cell activity, that would normally 
be directed against the malignant cells.(Quezada 2013) A pas-
sively administered antibody that blocked CTLA4 would there-
fore be expected to maintain T cell activation against tumor cells, 
and clinical trials with the anti CTLA4 monoclonal antibody, 
ipilimumab have demonstrated the benefit in terms of extended 
survival in for example patients with metastatic malignant mela-
noma.15 One particular problem with this approach, however, 
is that the generalized T cell activation caused by ipilimumab 
may lead to immune adverse events particularly in the skin and 
gastro-intestinal tract.

Antibody based: specific
Despite the earlier treatment failures with antibodies raised in 

animal models as previously discussed, technological advances 
in the late 20th century led to the recognition of the complexity 
and large number of molecules expressed on cell surfaces, gen-
erating renewed interest in developing antibody directed cancer 
treatments that might block specific tumor molecules or facili-
tate antibody dependent cell cytotoxicity (ADCC). Cell surface 
molecules may be categorised as somatic tissue derived (ie those 
antigens expressed on normal adult tissues), developmentally 
derived (ie those expressed on fetal cells), and in the case of 
tumors, neoplastic tissue derived (ie those expressed on cells that 
have undergone malignant transformation – these vary with the 
tumor type).19

The objective of the specific passive immunization approach 
is to administer an antibody, usually IgG, that is specific to a sur-
face molecule(s) expressed uniquely on a tumor cell (TAAs), and 
not on other cell lineage lines, and which in addition does not 
cross-react/ recognize surface molecules on “normal, non-cancer-
ous” cells. Furthermore, both the antibody pharmacodynamics 
and pharmacokinetics are important to a successful product – for 
example a cell surface expressed TAA that is also secreted into 
plasma would be expected to reduce treatment efficacy due to a 
reduction in available antibody concentration at the cell surface 
level.

The identification of such unique TAAs has so far proved 
elusive largely because the expressed tumor surface antigens are 
also found on normal cells. However, in particular tumors these 
TAAs, while not unique, are overexpressed, and (specific) mono-
clonal antibody vaccines have been developed and licensed with 
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their effectiveness being largely explained on the basis of their 
preferential activity against these overexpressed TAAs.

An example of this approach is the monoclonal antibody 
trastuzumab, directed against the Human Epidermal Growth 
Receptor 2 (HER2), which is overexpressed in 25–30% of 
females with metastatic breast cancer. Studies have shown that 
breast cancer patients whose tumors overexpress HER2 have a 
shortened disease-free survival compared with patients whose 
tumors do not overexpress HER2. Blocking this receptor by anti-
body retards malignant cell proliferation and as part of a multi-
modality treatment approach has been shown to delay disease 
progression.21 That the action of trastuzumab is, however, more 
complex than receptor blockade is evident from the observation 
that ADCC is more likely to occur in malignant breast cells over-
expressing HER2 than in cells that do not overexpress HER2.

HER2 is a member of the Erythroblastic Leukemia Viral 
Oncogene Homolog (ERBB) family of growth factors, and a 
group of monoclonal antibodies (including Cetuximab) directed 
against the highly related Epidermal Growth Factor Receptor 
(EGFR) have been approved in the US for treatment of a number 
of solid tumors including lung and colorectal cancers.25,17

Currently 12 therapeutic monoclonal antibody preparations 
have been licensed by the US Federal Drug Agency as adjunctive 
therapies in the treatment of certain hematological malignancies 
and solid tumors.20 Such monoclonal antibodies were first devel-
oped in the mouse model, but cross reactivity between mouse 
proteins and human proteins led to the development initially of 
chimeric mouse-human monoclonal antibodies where the con-
stant part of the Ig molecule was human and the variable part 
mouse-derived, and subsequently to a fully humanized monoclo-
nal Ig molecule.

The final passive antibody approach uses specific antibody as a 
vehicle to deliver drugs to tumor cells – termed an antibody drug 
conjugate (ADC). This approach developed as a mechanism to 
reduce drug toxicity by directing drug activity to tumor cells and 
avoiding bystander effects on normal tissue. Proof of principle 
was demonstrated by enclosing doxorubicin in liposomes coated 
with specific antibody against mouse squamous cell carcinoma 
cells, and then administering them to affected mice with result-
ing tumor eradication/ reduction in tumor mass.1 Doxorubicin 
conjugates, however, had very limited clinical efficacy in humans 
and more potent ADCs were subsequently developed with two 
currently licensed for use in the US. One example is brentux-
imab vedotin, which has a chimeric antibody directed against 
CD30 (expressed on both Hodgkin’s and large cell lymphomas, 
and embryonal carcinomas) conjugated with the antineoplastic 
compound monomethylauristatin E – when administered to 
patients with resistant/ refractory Hodgkin’s lymphoma, effica-
cies in excess of 85% have been reported.13,12

T Cell-based specific/ non-specific

Various approaches to administering different T cell types 
(CTLs, tumor infiltrating lymphocytes [TILs], T

H
 and Tregs) for 

cancer treatment have been trialled since the mid-20th century. 

See Table 1. The immunological basis for T cell therapy is evident 
from the significantly improved survival in patients with colorec-
tal cancer whose tumors show high levels of TILs compared with 
those patients with low level TIL infiltration. Although there are 
a large number of TAAs against which T cell activity might be 
directed, the process, also termed adoptive T cell transfer, has not 
yet resulted in any licensed (passive) vaccines. Proof of principle 
of the antitumor effects of administered CTLs has, for example, 
been demonstrated in patients with malignant melanoma where 
T cell infiltration of tumor occurred although its clinical impact 
was limited. The use of TILs isolated from patient tumor speci-
mens has also been generally unsuccessful.14 Of concern has been 
the emergence during treatment of tumor escape variants pre-
sumably indicating the need for CTLs, and hence TAAs, to com-
prise a broad range of epitopes, this would appear to be similar 
to the postulated emergence of a mumps vaccine escape variant 
against which the current Jeryl Lynn strain is not effective.

Active immunization with cancer vaccines

Active immunization for cancer involves administering a cell 
component (s) or whole cell, which can act in a non-specific or 
specific manner as discussed below. See Table  1. ID vaccines 
generally contain a number of different excipients that either 
enhance the host immune response or maintain vaccine effective-
ness in a range of environmental conditions – the former include 
adjuvants that are included in many cancer vaccine preparations.

Non-specific
A non-specific vaccine is used to generate a host cell response 

that eliminates the cancer through a generalized, non-specific 
immune stimulant effect, rather like the MBVs/ Coley’s tox-
ins described previously. These vaccines may use additional 
approaches – for example they can also be used as a vehicle to 
deliver immunomodulatory molecules to the tumor environment.

The first vaccine used in this way was Bacille Calmette Guerin 
(BCG) that traditionally was developed to protect against hema-
togenous Tuberculosis. In 1976 Morales et al. reported on the use 
of intravesical BCG to successfully treat superficial bladder can-
cer and prevent disease recurrence. The response involves both a 
cell mediated and humoral response to the vaccine. The former 
on the basis of granulocyte infiltration of the tumor, followed by 
macrophages and T

H
 lymphocytes, and the latter because of the 

observed cytokines identified in urine of patients administered 
intravesical BCG, which Bohle et al. suggested represented a pre-
dominant T

H
1 response – TNF-α, IL-1, IL-2, IL-6, IL-8, IL-12 

and IL-18. The T
H
2 cytokines IL-5 and IL-10 were also detected, 

as were GM-CSF, IFN-γ and IL8 which are neither T
H
1 or T

H
2 

cytokines – the authors did, however, acknowledge some con-
siderable variability in cytokine excretion by patient.3 This non-
specific effect of BCG has previously been used to treat leukemia, 
melanoma and prostate cancer where a small but non-significant 
improvement in outcome was observed.9

Specific
This approach uses a TAAs-based vaccine to generate an adap-

tive anti-tumor response that subsequently eliminates the cancer 
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cell. The vaccine may be based on single or multiple antigens or a 
whole cell preparation can be used – for the latter the cells may be 
either autologous (same host) or allogeneic (same species different 
host). The former are more difficult to obtain and prepare, and 
as a consequence established allogeneic cell lines have been fre-
quently used to develop vaccines (see GVAX below) – although 
usually MHC matched prior to use it is possible that a “graft 
versus host response” may explain some of the observed anti-
tumor activity. Furthermore, transfection of the allogeneic cell 
line with proinflammatory cytokines (for example Granulocyte 
Macrophage Colony Stimulating Factor [GM-CSF]) has been 
used to enhance the response. Intradermal vaccine administra-
tion with multiple dose protocols appears to be the preferred 
option.9

The single or multiple antigen cancer vaccine is equivalent to 
the subunit ID vaccine. Various approaches to developing these 
vaccines have been utilized – peptide, protein, tumor lysate and 
shed antigen vaccines – but none has successfully passed clini-
cal studies to licensing. Given the postulated importance of a 
cell mediated immune response in eliminating malignant cells, it 
would not be expected that such antigen vaccines on their own, 
that generate a primarily B cell response, would be clinically 
effective. These have been reviewed elsewhere.10

GVAX Prostate is an example of the whole cell vaccine 
approach – this uses an irradiated prostate allogeneic tumor cell 
line as the “immunogen” combined with GM-CSF in individu-
als with hormone resistant prostate cancer. The use of the whole 
cell as the vaccine immunogen results in multiple tumor anti-
gens being presented to host dendritic cells, irradiated cells are 
unable to replicate and therefore do not constitute a tumor risk 
to the host. The fact that the vaccine also expresses GM-CSF is 
believed to optimize immune cell recruitment at the injection 
site. Clinical trials have been successfully undertaken to demon-
strate safety and toxicity, clinical trials to determine clinical ben-
efit need to now be performed.23 There is also a similar GVAX 
irradiated pancreas tumor cell line vaccine.

Summary

Malignancies are an important cause of morbidity and pre-
mature mortality in middle and high income countries where as 
many as 10% of deaths result from lung, breast or gastro-intesti-
nal malignancies. Vaccines to treat these cancers effectively would 
therefore be of considerable importance, but require an in-depth 
understanding of the interaction between the tumor and the host 
immune response, including how individual tumors are able to 
modulate this host response to enhance their survival chances.

Two vaccine programmes to prevent cancer have been suc-
cessfully developed and implemented for HBV-associated 
Hepatocellular and HPV-associated cervical cancer. Given that 
both HBV and HPV immunology is relatively simple with dis-
ease prevention associated with a neutralizing antibody response, 
the traditional approach to immunization used for many vaccine 
preventable infections has been applied for these two infections 
– namely a simple peptide antigen (s), an adjuvant and various 
excipients including preservatives, buffers and diluents.

In contrast the progress in developing therapeutic vaccines to 
treat malignant disease has been much slower and reflects the 
complexity of the host/ tumor interaction, with the need to gen-
erate a cell mediated response apparently more important than 
the simple antibody response that is so effective for a number 
of vaccine preventable infections. This necessary understanding 
informs the selection of tumor vaccine antigen/ immunogen, the 
mechanism (s) for involving DCs in uptake, processing and pre-
sentation of these tumor components, and delivery approaches 
that involve route of vaccine administration and schedule, mak-
ing the construction of therapeutic cancer vaccines inevitably far 
more complex than their ID equivalent.

As knowledge of tumor host interaction has expanded so the 
use of such preparations has accelerated over recent years; like ID 
vaccines they can be divided into active and passive types, with 
both being subdivided into specific and non-specific vaccines 
based on their mode of action. Passive types are based on the 
administration of preformed antibody or T lymphocytes: active 
immunization may be designed to eliminate the malignant cell, 
or enhance the host immune response in a more general manner.

It is evident, however, that future effective cancer vaccines 
will not be as easily categorised as active/ passive and specific/ 
non-specific but will contain a number of separate components 
based on an in-depth understanding of tumor host immunol-
ogy. Thus the immunogen is likely to have multiple epitopes, in 
part to prevent the emergence of escape variant malignant cells 
– specific active immunization. A means of enhancing the host 
response may be included for example, a transfected proinflam-
matory cytokine gene (s) – non-specific active immunization. 
Incorporating a means of overcoming tumor downregulation of 
the host response may also be a necessary feature, for example 
blocking T cell suppression – non-specific passive immunization. 
And finally the vaccine may directly target transformed cells 
using monoclonal antibodies – specific passive immunization.

For the foreseeable future, these vaccines will not be used for 
treatment alone but will be part of a therapeutic approach that 
involves traditional modalities. It would be expected, however, 
that as tumor immunology understanding increases their impact 
will become increasingly more effective.��

�References
1.	 Ahmad I, Longenecker M, Samuel J, Allen TM. 

Antibody-targeted delivery of doxorubicin entrapped 
in sterically stabilized liposomes can eradicate 
lung cancer in mice. Cancer Res 1993; 53:1484-8; 
PMID:8453612

2.	 Bazin H. A brief history of the prevention of infectious 
diseases by immunisations. Comp Immunol Microbiol 
Infect Dis 2003; 26:293-308; PMID:12818618; 
http://dx.doi.org/10.1016/S0147-9571(03)00016-X

3.	 Böhle A, Brandau S. Immune mechanisms in bacil-
lus Calmette-Guerin immunotherapy for super-
ficial bladder cancer. J Urol 2003; 170:964-9; 
PMID:12913751; http://dx.doi.org/10.1097/01.
ju.0000073852.24341.4a

4.	 Bosch FX. Human Papillomavirus Vaccination 
for the Prevention of Cervical and Other Related 
Cancers. Epidemiologic Studies in Cancer 
Prevention and Screening. Statistics for Biology 
and Health 2013; 79:45-64; http://dx.doi.
org/10.1007/978-1-4614-5586-8_4

5.	 Buonaguro L, Petrizzo A, Tornesello ML, Buonaguro 
FM. Translating tumor antigens into cancer vac-
cines. Clin Vaccine Immunol 2011; 18:23-34; 
PMID:21048000; http://dx.doi.org/10.1128/
CVI.00286-10

6.	 Chang MH. Cancer prevention by vaccination 
against hepatitis B. Recent Results Cancer Res 
2009; 181:85-94; PMID:19213561; http://dx.doi.
org/10.1007/978-3-540-69297-3_10



©
20

14
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

www.landesbioscience.com	 Human Vaccines & Immunotherapeutics	 2129

7.	 Coley WB. II. Contribution to the Knowledge 
of Sarcoma. Ann Surg 1891; 14:199-
220; PMID:17859590; http://dx.doi.
org/10.1097/00000658-189112000-00015

8.	 Coley WB. The treatment of malignant tumors by 
repeated inoculations of erysipelas. With a report 
of ten original cases. 1893. Clin Orthop Relat Res 
1991; 3-11; PMID:1984929

9.	 Dalgleish AG. Cancer vaccines. Br J Cancer 2000; 
82:1619-24; PMID:10817493

10.	 Faries MB, Morton DL. Therapeutic vaccines 
for melanoma: current status. BioDrugs 2005; 
19:247-60; PMID:16128607; http://dx.doi.
org/10.2165/00063030-200519040-00004

11.	 Fehleisen F. (1883). “Die Aetiologie des Erysipels.” 
Accessed at: https://archive.org/details/
dieaetiologiede00fehlgoog.

12.	 Firer MA, Gellerman G. Targeted drug delivery 
for cancer therapy: the other side of antibodies. 
J Hematol Oncol 2012; 5:70; PMID:23140144; 
http://dx.doi.org/10.1186/1756-8722-5-70

13.	 Foyil KV, Bartlett NL. Brentuximab vedotin for the 
treatment of CD30+ lymphomas. Immunotherapy 
2011; 3:475-85; PMID:21463188; http://dx.doi.
org/10.2217/imt.11.15

14.	 June CH. Adoptive T cell therapy for cancer 
in the clinic. J Clin Invest 2007; 117:1466-76; 
PMID:17549249; http://dx.doi.org/10.1172/
JCI32446

15.	 McDermott D, Haanen J, Chen TT, Lorigan P, 
O’Day S; MDX010-20 Investigators. Efficacy 
and safety of ipilimumab in metastatic melanoma 
patients surviving more than 2 years following treat-
ment in a phase III trial (MDX010-20). Ann Oncol 
2013; 24:2694-8; PMID:23942774; http://dx.doi.
org/10.1093/annonc/mdt291

16. Parrish HJ. Victory with Vaccines: the story of immu-
nization, by H. J. Parish, M.D., F.R.C.P.E., D.P.H., 
HON.F.R.S.H. 245 pp. E. & S. LIVINGSTONE 
LTD. Edinburgh and London, 1968. 1 10s. 0d.

17.	 Patel D, Bassi R, Hooper A, Prewett M, Hicklin 
DJ, Kang X. Anti-epidermal growth factor receptor 
monoclonal antibody cetuximab inhibits EGFR/
HER-2 heterodimerization and activation. Int J 
Oncol 2009; 34:25-32; PMID:19082474

18.	 Quezada SA, Peggs KS. Exploiting CTLA-4, PD-1 
and PD-L1 to reactivate the host immune response 
against cancer. Br J Cancer 2013; 108:1560-5; 
PMID:23511566; http://dx.doi.org/10.1038/
bjc.2013.117

19.	 Rettig WJ, Old LJ. Immunogenetics of human 
cell surface differentiation. Annu Rev Immunol 
1989; 7:481-511; PMID:2653374; http://dx.doi.
org/10.1146/annurev.iy.07.040189.002405

20.	 Scott AM, Wolchok JD, Old LJ. Antibody ther-
apy of cancer. Nat Rev Cancer 2012; 12:278-87; 
PMID:22437872; http://dx.doi.org/10.1038/
nrc3236

21.	 Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton 
V, Bajamonde A, Fleming T, Eiermann W, Wolter J, 
Pegram M, et al. Use of chemotherapy plus a mono-
clonal antibody against HER2 for metastatic breast 
cancer that overexpresses HER2. N Engl J Med 
2001; 344:783-92; PMID:11248153; http://dx.doi.
org/10.1056/NEJM200103153441101

22.	 Smyth MJ, Hayakawa Y, Takeda K, Yagita H. New 
aspects of natural-killer-cell surveillance and ther-
apy of cancer. Nat Rev Cancer 2002; 2:850-61; 
PMID:12415255; http://dx.doi.org/10.1038/nrc928

23.	 van den Eertwegh AJ, Versluis J, van den Berg HP, 
Santegoets SJ, van Moorselaar RJ, van der Sluis 
TM, Gall HE, Harding TC, Jooss K, Lowy I, et al. 
Combined immunotherapy with granulocyte-
macrophage colony-stimulating factor-transduced 
allogeneic prostate cancer cells and ipilimumab in 
patients with metastatic castration-resistant prostate 
cancer: a phase 1 dose-escalation trial. Lancet Oncol 
2012; 13:509-17; PMID:22326922; http://dx.doi.
org/10.1016/S1470-2045(12)70007-4

24.	 World Health Organization. The top ten causes of 
death (2002). Fact sheet N° 310 / February 2007. 
Accessed at http://www.who.int/mediacentre/fact-
sheets/fs310.pdf.

25.	 Yarden Y, Sliwkowski MX. Untangling the 
ErbB signalling network. Nat Rev Mol Cell Biol 
2001; 2:127-37; PMID:11252954; http://dx.doi.
org/10.1038/35052073




