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    Chapter 43   

 Cancer Vaccines: A Brief Overview                     

     Sunil     Thomas     and     George     C.     Prendergast      

  Abstract 

   Vaccine approaches for cancer differ from traditional vaccine approaches for infectious disease in tending 
to focus on clearing active disease rather than preventing disease. In this review, we provide a brief over-
view of different types of vaccines and adjuvants that have been investigated for the purpose of controlling 
cancer burdens in patients, some of which are approved for clinical use or in late-stage clinical trials, such 
as the personalized dendritic cell vaccine sipuleucel-T (Provenge) and the recombinant viral prostate can-
cer vaccine PSA-TRICOM (Prostvac-VF). Vaccines against human viruses implicated in the development 
and progression of certain cancers, such as human papillomavirus in cervical cancer, are not considered 
here. Cancers express “altered self” antigens that tend to induce weaker responses than the “foreign” 
antigens expressed by infectious agents. Thus, immune stimulants and adjuvant approaches have been 
explored widely. Vaccine types considered include autologous patient-derived immune cell vaccines, tumor 
antigen-expressing recombinant virus vaccines, peptide vaccines, DNA vaccines, and heterologous whole- 
cell vaccines derived from established human tumor cell lines. Opportunities to develop effective cancer 
vaccines may benefi t from seminal recent advances in understanding how immunosuppressive barricades 
are erected by tumors to mediate immune escape. In particular, targeted ablation of these barricades with 
novel agents, such as the immune checkpoint drug ipilimumab (anti-CTLA-4) approved recently for clini-
cal use, may offer signifi cant leverage to vaccinologists seeking to control and prevent malignancy.  
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1      Introduction 

  Vaccines  against   cancer have been explored for over a century, but 
they have offered more hope than impact compared to the huge 
impact of vaccines against infectious diseases. However, unlike 
infectious disease vaccines, which focus mainly on disease preven-
tion, cancer vaccines have focused mainly on disease treatment, a 
much higher bar to address, given the extant power of cancers on 
the immune system at levels little understood. Moreover, addi-
tional challenges for cancer vaccines to address are that the immune 
system in the patient is generally damaged, suppressed, or senes-
cent, not only because of tumor burden but also the harmful 
 experience of standard-of-care therapies and the advanced age of 
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most cancer patients. On a brighter note, the rapid recent increase 
in knowledge of immune effector mechanisms and molecular sig-
nals responsible for immune suppression is stimulating the devel-
opment of new modalities with greater promise. In particular, new 
genetic tools and insights into the key infl ammatory and immune 
molecules to manipulate immunity in cancer patients are present-
ing themselves. Two recent outstanding reviews are recommended 
for more in-depth consideration of this area [ 1 ,  2 ]. The brief over-
view offered here introduces some fundamental issues of specifi c 
interest to cancer  vaccine   development, followed by an illustrative 
consideration of several types of vaccines that incorporate various 
cellular and molecular principles, vectors, and clinical trial designs.  

2    Tumor Antigens, Adjuvants, and T Cell Help 

 Questions about what constitutes the best tumor  antigen   and how 
to target it have attracted long-standing and mainly unresolved 
study. Unlike microbial antigens, tumor antigens vary enormously 
in different cancers and cancer patients. Thus, signifi cant effort has 
been put into searching for antigens that are widely mutated or 
aberrantly expressed in specifi c types of cancer and that are also 
capable of stimulating effi cacious  immune response  s in preclinical 
model systems. Two general distinctions in the cancer vaccines that 
have been studied are those that target specifi c tumor antigens 
(more often molecular vaccines) and those that do not discriminate 
(more often cellular vaccines). Cell lineage-specifi c proteins can be 
useful to target, particularly in cancers where the normal tissue may 
be surgically resected as part of the standard of care (e.g., prostate 
or breast cancer). Since tumor antigens represent “altered self,” 
the induction of autoimmunity in preclinical and clinical studies by 
a cancer  vaccine   can be viewed in positive and negative contexts, 
depending on its severity and manageability. Consensus lists of 
tumor antigens considered attractive have been suggested although 
much work and debate continue [ 3 ]. 

 Immunity to infectious disease produced by vaccination relies 
centrally on an effective adjuvant. Accordingly,  adjuvant   substances 
have received great attention from cancer vaccinologists but unfor-
tunately without the breakthrough results produced as in the devel-
opment of microbial vaccines. Pathogens, particulates, saponins, and 
emulsions such as incomplete Freund’s  adjuvant   (e.g., Montanides) 
have all been explored extensively, especially in peptide and  recom-
binant virus    vaccine   preparations. An excellent recent presentation 
of this area in detail can be found elsewhere [ 4 ]. 

 Since most cancer vaccines have sought to recruit T cell immu-
nity, there also has been much effort dedicated to defi ning mecha-
nisms of T cell help most relevant to antitumor  immune response  s. 
CD4+ T cell help is critical to generate CD8+ T effector cells and 
CD8+ T memory cells that are closely associated with antitumor 
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immunity in many cancers (e.g., [ 5 ,  6 ]). However, as mentioned 
above, because of their similarity to normal cell proteins which are 
tolerated by the host, tumor antigens tend to trigger weak CD4+ 
T cell help responses. Thus, cancer vaccines that have been explored 
may integrate efforts to engage more fl orid CD4+ T cell help either 
directly or indirectly. For vaccines that target specifi c molecules, a 
complex phenomenon of “ epitope   spreading” involving drift of 
immune reactions to other nontargeted antigens is clearly associ-
ated with antitumor effi cacy. However, limited mechanistic insights 
into this phenomenon remain scant, and strategies to leverage it in 
vaccines in any ritualized manner have yet to be done.  

3    Patient-Derived Immune Cell Vaccines:  Sipuleucel-T   (Provenge) 

  Sipuleucel-T is   an autologous dendritic cell (DC)  vaccine   used to 
treat prostate cancer that is generated by modifying patient-derived 
DC to express a  fusion protein   comprised of prostatic acid phos-
phatase (PAP) and granulocyte-macrophage colony-stimulating 
factor (GM-CSF). The treatment has three parts. Patient cells are 
collected and a leukapheresis method is used to extract the  anti-
gen  -presenting DC. The cell preparation is then sent to a corpo-
rate production facility where they are co-incubated with the fusion 
protein, which is taken up, processed, and presented on the cell 
surface. The PAP antigen is nearly universally expressed in prostate 
cancer cells, and the GM-CSF provides a maturation factor for the 
DC. In this activated antigen-presenting state, the DCs are then 
returned to the infusion center where they are readministered to 
the patient. Three courses of treatment are administered over a 
period of 6 weeks to trigger an  immune response   against PAP-
positive prostate cancer cells. 

 In three clinical trials in advanced prostate cancer patients, 
 sipuleucel-T   treatment did not signifi cantly extend time to pro-
gression, but it did safely lengthen overall survival of patients for an 
average of 4 months [ 7 ]. The  vaccine   was approved by the US 
 FDA   in 2010 as the fi rst immunotherapeutic product to treat can-
cer, in this case asymptomatic or minimally symptomatic metastatic 
hormone-refractory prostate cancer. While it was assigned “cate-
gory 1” status (highly recommended treatment), there has been 
controversy about its use due to high cost and limited benefi ts to 
patients. However, there are now 20 active trials (about half of 
which have completed recruitment) to test whether  sipuleucel-T 
  effi cacy can be extended when combined with other standard, 
approved, and experimental therapies (clinicaltrials.gov). Although 
the impact of this vaccine has been limited in practical terms to 
date, its development and continued investigation have offered a 
clinical proof of concept for the safe and at least partially effective 
application of immunological principles in managing an advanced 
cancer that is generally intractable.  
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4    Recombinant Viral  Vaccines   Expressing Tumor Antigens:  PSA-TRICOM   
(Prostvac-VF) 

  PSA-TRICOM   is a recombinant viral  vaccine   that has been devel-
oped to treat advanced prostate cancer. The viral backbone is based 
on poxvirus sequences (derived from vaccinia or fowl pox) which 
enable expression of prostate-specifi c  antigen   (PSA) along with 
three immune-stimulatory T cell receptor co-regulatory molecules 
(LFA-3, ICAM-1, and B7.1 comprising the TRICOM element). 
These co-regulatory molecules were chosen to activate host DC 
and cytotoxic T effector cells that recognize and kill PSA-expressing 
prostate cancer cells. As a recombinant poxvirus, PSA-TRICOM is 
an off-the-shelf vaccine that is directly administered as an injection 
to patients. As employed clinically, the vaccinia-based vaccine is 
used to prime patients followed by six booster injections with the 
fowl pox-based vaccine. 

 In a Phase II clinical trial of 125 patients with minimally symp-
tomatic metastatic prostate cancer,  PSA-TRICOM   was adminis-
tered with GM-CSF (to promote DC activation) and compared to 
a control arm administered with saline. Similar to the  sipuleucel-T 
  fi ndings, PSA-TRICOM vaccination did not affect progression- 
free survival (PFS), but it did extend overall survival by approxi-
mately 8 months [ 8 ]. Toxicity was low with fever, nausea, fatigue, 
and injection site reactions, the most common adverse events. 
Given this encouraging result, several trials of PSA-TRICOM in 
combinatorial regimens are now under way, including a highly 
anticipated study with the immune checkpoint inhibitor ipilim-
umab [ 9 ,  10 ], along with a global Phase III trial (PROSPECT) 
orchestrated by the US National Cancer Institute to validate the 
Phase II results.  

5    Peptide Vaccines:  MAGE-A3   and NY-ESO1 

 Among a large number of explorations of peptide  antigen  -based 
vaccines, the investigation of the widely expressed tumor antigens 
 MAGE-A3   and NY-ESO1 stands out as paradigms. These antigens 
are both members of a class of “cancer-testis” antigens of obscure 
function that are normally expressed in testes but also overex-
pressed in a large number of diverse human cancers, including in 
lung cancers and melanomas where they have been explored deeply. 
Numerous preclinical and clinical studies have indicated that 
MAGE-A3 and MAGE-A3  fusion protein  s formulated with classi-
cal immune  adjuvants   can trigger humoral and cellular  immune 
response  s in cancer subjects. However, a large Phase III trial of a 
MAGE-A3 fusion protein with   H. infl uenzae    protein D formu-
lated with a proprietary  adjuvant   (MAGRIT) was stopped in 2014 
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due to a lack of benefi t to lung cancer patients who received it. 
While this was a disappointing result, there remain over a dozen 
other clinical trials of MAGE-A3 in this and other disease settings 
to explore therapeutic combinations,  adjuvant   selection, and 
patient selection criteria, among other factors. One shortcoming of 
short  peptide vaccine  s can be a failure to induce memory CD8+ T 
cell responses [ 11 ], although it is not at all clear this factor can 
explain the outcome of MAGRIT. On the other hand, smaller trials 
of virally expressed NY-ESO1 have been encouraging and many 
studies of this peptide-based  vaccine   continue, with particular 
interest in combination studies such as with ipilimumab, like 
 PSA-TRICOM  .  

6    DNA Vaccines 

  DNA vaccine  s offer the opportunity to engineer protein and pep-
tide  antigen   expression with more detailed design and delivery 
parameters, for example, to selectively express or assure suitable 
posttranslational modifi cation of an antigen in the desired target 
cell and to enhance antigenicity and responsiveness. A vast number 
of preclinical studies involving numerous “gene vaccines” have 
established the capability to engender effi cacious T cell- mediated 
tumor attacks against any number of target antigens [ 12 ]. These 
vectors may also often incorporate T cell help-inducing genes, 
including cytokines, chemokines, co-stimulatory molecules, or 
DC-targeting antibodies [ 13 ]. A similarly vast number of  adjuvant 
  and carrier formulations have been explored in both preclinical and 
clinical trials, with variable success. More recently, skin  electropor-
ation   methods have been developed that can readily administer 
DNA vaccines in clinical settings. Briefl y, an electric current is 
delivered across the tissue site at the time of  vaccine   injection, 
increasing dose levels and creating a local infl ammation that helps 
recruit antigen-presenting cells and amplify  immune response  s. In 
general, DNA vaccination is very well tolerated with little or no 
side effects beyond the vaccination site. Early concerns about 
genomic integration or anti-DNA responses that might promote 
autoimmunity in patients have not proven to be issues [ 13 ].  

7    Whole-Cell Vaccines Derived from Established Human Tumor Cell Lines: 
 Algenpantucel-L   (HyperAcute Pancreas) 

 A variety of whole-cell vaccines have been explored in human stud-
ies historically but with generally limited effi cacy. One recent varia-
tion that has generated interest has incorporated the human 
hyperacute  immune response   into an “off-the-shelf” whole-cell 
 vaccine   composed of genetically modifi ed human tumor cell lines 
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[ 14 ,  15 ]. The hyperacute response is a robust mechanism of 
 xenograft transplant rejection mediated by complement-fi xing nat-
ural antibodies that recognize alpha-1,3-galactosyl (α-Gal) epit-
opes, a common cell surface structure found throughout evolution 
except in certain primate species including humans. Notably, α-Gal 
antibodies represent 1–2 % of all antibodies in the human periph-
eral blood, such that a powerful pro-infl ammatory stimulus is trig-
gered upon ligand recognition on any foreign species or tissue. In 
essence, the vaccine strategy coats human tumor cell lines that are 
lethally irradiated before subdermal injection on a traditional prime 
and boost schedule [ 16 ]. 

 Whole-cell vaccines that exploit this unique pro-infl ammatory 
mechanism have been established to be effi cacious in promoting 
long-lasting antitumor immunity and overall survival in preclinical 
studies and ongoing clinical studies of resected pancreatic cancer 
[ 16 ]. Roving host DC readily opsonize and phagocytose the α-Gal- 
coated tumor cells, delivering a large number of tumor cell anti-
gens for processing and presentation to T cells in local lymph 
nodes. In a Phase II study of 70 resected pancreatic cancer patients, 
 algenpantucel-L   was administered in the  adjuvant   setting and com-
pared to a control arm receiving chemoradiation according to the 
RTOG-9704 standard of care. Disease-free survival was nearly 
twice the control arm at the primary endpoint despite a larger pro-
portion of patients with node-positive disease in the experimental 
arm [ 16 ]. Prompted by this result, a randomized Phase III trial 
started in 2010 to enroll a total of 722 patients, representing the 
largest clinical trial of resected pancreatic cancer patients performed 
to date. A second Phase III study has also been initiated more 
recently to explore combination with standard chemotherapy and 
chemoradiation in 280 patients with borderline resectable or 
locally advanced PDA (NCT01836432).      
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