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Therapeutic Vaccine Development

Introduction
Biological medicine has saved the lives of millions around the 
world and has prevented morbidity and mortality by developing 
vaccines for human use. Numbers of prophylactic vaccines 
represent a promising approach in this context. However, with 
an increase in number of diseases, and other less common 
infections that are endemic around the world, there is a growing 
need for the development of safer and more potent vaccines. 
Scientists have figured out that it is possible to rev up the 
immune system on command, and to give the body’s own 
natural defences an extra surge of power to attack and fight 
diseases. 

Therapeutic vaccines are meant to combat existing diseases 
rather than offering lasting protection against infection, as 
traditional vaccines do. The pharmaceutical industry is already 
making efforts in developing therapeutic vaccines; with a strong 
focus on areas of high unmet need. For example, many later-
stage clinical trials are in place for Alzheimer’s disease, hepatitis 
B and C infections, cancer of prostate, breast, lungs, brain, 
etc.1 The market for therapeutic vaccines is projected to grow 
at approximately 55% per year and reaching ~$13 billion by 
2018.2 Nevertheless, novelty is no guarantee of success and 
hence, we need to consider challenges and the right approach 
for development of therapeutic vaccines. In this article, we 
outline some of the important aspects for the development of 
such vaccines.

Developmental Toxicity Studies
The animal species selected for assessment of bioactivity 
and safety should demonstrate a biological response. Various 
animal models such as transgenic mice, rat, rabbits, dogs, 
chimpanzees, ducks, woodchucks etc. were recognised and used 
for preclinical development. These laboratory species selected 
for toxicity studies are based on available background data or 
historical experience. As therapeutic vaccines are at an early 
stage of development, availability of such data is limited. 
When designing a toxicology study in such cases, the proposed 
clinical indication, the intrinsic properties of vaccine and careful 
selection of animal model, are required to be considered. For 
example, for hepatitis B vaccine studies, transgenic mice were 
widely used; however, they had a significant limitation as no liver 
inflammation could be observed, thus hindering assessment 
of long-term therapeutic effect. Woodchuck is another model 
found to be easily available and affordable. The Eastern 
woodchuck (Marmota monax) naturally infected by woodchuck 
hepatitis virus (WHV) is useful as a preclinical model. WHV is 
a virus closely related to HBV.3 WHV causes acute self-limiting 
and chronic infection similar to HBV infection.4 This feature 
of the woodchuck model makes it significant for investigation 
of new therapeutic approaches in chronic hepatitis B. Other 
parameters, like adequate number of animals per gender, 
appropriate control groups, multiple dose levels of the product, 
dosing schedule and safety endpoints are needed to be taken 
into consideration. Data generated from preclinical studies will 
help in selection of starting dose, schedule, and dose escalation 
plan for early-phase human clinical trials.

Immune Response
Immune response is important for establishing the 
pharmacological profile and immunogenicity of administered 
therapeutic vaccine. It provides the information regarding 
whether vaccine induces the intended response, magnitude 
and duration of response and the possible correlation with 
clinical efficacy parameters. Therapeutic vaccines generally 
target the immune system, which in turn targets the infectious 
cells. For example, immune response can induce memory cells 
that may provide ongoing anti-tumour activity. Although they 
may not bring about a significant reduction in the tumour 
burden, therapeutic vaccines can exert continuous anti-tumour 
activity over a long period of time, resulting in a slower tumour 
growth rate and improved overall survival.5 The patients with 
severe disease condition may not get enough time to produce 
significant immune response and thus do not benefit from 
the treatment. Sometimes, a prior multiple chemotherapy 
treatment also negatively affects the immune response. In a 
Phase II trial, evaluating a vaccine that employed a canarypox 
virus vector encoding the gene for the TAA carcinoembryonic 
antigen (CEA) plus the T cell co-stimulatory molecule B7.1, 
patients who had several chemotherapeutic regimens were less 
likely to have a measurable immune response than patients 
with less prior exposure to chemotherapy (p = 0.032).6 As per 
the product characteristics, the appropriate role of immune 
response, evaluation of methodology and timing need to 
be individualised and can be discussed with the regulatory 
authorities, prior to the approval. At the same time, the 
standardised assays with standardised procedure, acceptance 
limits, sensitivity and specificity of assay must be in place for 
measurement of immune response. 

Patient Population 
The ideal patient population for therapeutic vaccination 
depends on the disease setting and severity of disease. 
Initially, safety and efficacy should be assessed in patients with 
metastasis and those in late stage of disease. Subsequently, 
patients with minimal or no evidence of residual disease should 
be evaluated. Disease progression is very quick in patients with 
metastasis. Therefore, if the dosing interval is short, it may result 
in inadequate immune response, which may be inconclusive. 
Currently, the clinical trial designs mostly include patients with 
a late-stage disease and who are pretreated with a number of 
other options like immunosuppressive and/or cytotoxic chemo 
and radiotherapy. Use of concomitant therapy, e.g. laser 
therapies, radiotherapy should be justifiable mainly because 
these treatments would be detrimental to the immune system, 
resulting in inferior immune response. 

Data suggests that in patients with rapidly progressive 
or significantly symptomatic disease, therapeutic vaccines 
alone are not very effective and should not be used as a 
monotherapy. For example, GVAX, a granulocyte–macrophage 
colony-stimulating factor (GM-CSF) gene-transected tumour 
cell vaccine7,8 and PSA vaccine (adenovirus)9 clinical trials 
for prostate cancer have shown that immunotherapy is less 
effective in patients with serious disease conditions.10 In 
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comparison, a therapeutic vaccine in patients with early-stage 
or less aggressive disease offers an adequate immune response, 
which is of prime importance and clinically beneficial. Therefore, 
it is important that while selecting patient population, the 
research team should carefully weigh the advantages and 
disadvantages. Similarly, the inter-subject variability and other 
regional disparities also may affect the actual immunological 
response of a given vaccine, necessitating the consideration of 
such differences.  

Route and Methods of Administration
Vaccines can be administered by various routes. Upon 
subcutaneous or intramuscular administration, the vaccine is 
transported to the draining lymph nodes, while oral and mucosal 
vaccines typically target the gut- or the mucosal-associated 
lymphoid tissues, respectively. While much research focuses 
on defining new and better antigens, as well as adjuvants and 
immune response-regulating compounds, the immune system 
is only stimulated when the vaccines reach immune-privileged 
secondary lymphatic organs. Routes of administration are 
considered effective if they release therapeutic vaccine 
components at a targeted area to produce the required immune 
response, and are well-tolerated with minimum adverse events. 
There are several routes of administration currently used for 
HPV DNA vaccines. They focus on enhancing antigen uptake 
by dendritic cells (DCs), leading to priming of CD4+ and CD8+ 
T cells for an enhanced immune response. Though therapeutic 
HPV DNA vaccine is administered by different methods, 
electroporation elicits the highest number of E7-specific 
cytotoxic CD8+ T cells and the greatest anti-tumour immune 
response compared to intramuscular injection and intradermal 
delivery.11 

Clinical Endpoints
The choice of clinically meaningful endpoints is a very important 
aspect of designing therapeutic vaccine clinical trials. The two 
endpoints, viz; time to progression (TTP) and overall survival, 
are considered to be appropriate for trials. However, in some 
instances TTP is measured as more acceptable because it can 
be determined earlier, is less influenced by competing causes 
of death and is not influenced by second-line treatments. For 
others, the overall survival is a definite measurement, as disease 
progression may be subject to measurement errors and can 
vary among centres and investigators. Also, as per recent data, 
therapeutic vaccines may have a more major impact on overall 
survival than any other endpoint.12 

For certain diseases, immunological endpoints may provide 
a guide to optimising the vaccine for better effect. While 
measuring the immunological endpoints, the variability should 
also be considered, such as variability among assay results on 
the same specimen, variability among the same patients drawn 
at different times, and variability among patients. Documenting 
this variability is essential for interpretation of results. Yet, one 
of the technical limitations for evaluation of such endpoints 
includes lack of immunologic tools that can be used to find 
correlates of protection and understand the phenomenon of 
immunity. We still do not know which type of immune response 
correlates with protection or clearance of HCV during natural 
infection, or the type of immune response that is present during 
chronic infections that seem to exert partial control of HCV.13 
These complex issues must be addressed if therapeutic vaccines 

are to have broad clinical applications. 

Multi-component Vaccine 
Combatting of various diseases involves multiple coordinated 
immune mechanisms. These mechanisms include, but are not 
limited to, enhancement of the activities of antigen-presenting 
cells, activation of effector T cells, removal of suppressor T cells, 
etc. Thus various components involved in different processes for 
the activation of the immune system are combined to develop a 
multi-component approach. In contrast to separated antigens, 
antibodies recognised cluster antigens much better. Moreover, 
cluster antigens would elicit a definite higher-level immune 
response when compared to separated antigens.14,15 Here, 
multivalency is developed to achieve a cluster of antigens and 
multi-component vaccine plays an important role in generating 
multiple immunological responses for effective treatment. For 
example, a Phase I trial of a multi-target vaccine composed of 
four distinct peptides derived from cancer-testis (CT) antigens 
for treatment of pancreatic cancer shows that the vaccine 
simultaneously targets cancer cells and tumour endothelium. 
It produces peptide-specific responses in pancreatic cancer 
patients.16 

Recently, a multi-component vaccine composed of the 
anti-inflammatory cytokine (IL-10) and insulin or GAD55 
(glutamic acid decaboxylase) linked to an immunostimulatory 
molecule, the cholera toxin B subunit, were shown to safely and 
completely inhibit diabetes onset in mice. This result suggested 
that multi-component vaccine strategies are promising for 
prevention and reversal of diabetes autoimmunity in humans.17 
Thus, development of a multi-component therapeutic vaccine 
must be focused as effective treatment against various life-
threatening diseases. 

Conclusion 
Effective and safe treatment against life-threatening diseases 
is one of the major challenges in medical science. With the 
rapid growth of the vaccine market, the therapeutic vaccines 
are emerging as an attractive approach for treatment of 
diseases. To address the diseases that have managed to elude 
the development of an effective therapeutic vaccine, clinical 
research and development is of the utmost importance, and 
must be continued. Clinical development will require novel 
scientific methodologies, multidisciplinary collaboration, and 
commitment, not just on the level of an individual product 
but on organisational and broader immunotherapeutic levels. 
Many technologies and new tools like data mining, new 
analytical assays, stem cell technology, genomics, proteomics 
and others are being developed for the evaluation of product 
characterisation and safety. Considering various aspects of 
clinical trial design and with an advanced scientific technology, 
new therapeutic vaccines with better safety and efficacy will 
eventually evolve. 
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