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Global cancer statistics and current treatments

◦ As GLOBOCAN 2020 report, new cancer cases diagnosed in 2020 were 19.3 
million.

◦ GLOBOCAN predicts that the number of cancer cases will increase to 28.4 million 
in 2040. 

◦ Current cancer treatments include surgery, chemo/radiotherapy, stem cell 
transplant, immunotherapy, et al. 

◦ Cancer is still the 1st or 2nd leading cause of death in 112 of 183 countries with 
almost 10.0 million dying due to cancer in 2020.
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(SUNG, et al., CA: a cancer journal for clinicians, 2021)

Develop more efficient strategies for cancer 
treatments

(The Global Cancer Observatory, 2020)



Cancer vaccines: Prevent or Treat Cancer
1. Vaccines for preventing cancer: prevent healthy people from getting certain cancers caused by viruses.

HPV vaccine:

• Cervical, vaginal, and vulvar cancers

• Anal cancer

Hepatitis B vaccine: liver cancer

2. Vaccines for treating cancers: treat existing cancer patients. (Treatment vaccines or therapeutic vaccines).

• Keep cancer from recurrence

• Destroy cancer cells after treatments end

• Stop a tumor from development or metastasis

Cancer immunotherapy
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(https://onco.com/blog/cancer-vaccines-types-schedule-and-limitations/)

(https://www.openaccessgovernment.org/hpv-immunisation-programme-cervical-cancer/123681/)



Antigen-presenting cells and anti-tumor immune response
◦ Dr. William Coley developed a rudimentary
anti-cancer immune therapy consisting of
heat-inactivated bacteria.

Dr. William Coley (1862-1936)

• Antigen-presenting cells (APCs) are a heterogeneous 
group of immune cells that mediate the cellular immune 
response by processing and presenting antigens for 
recognition by certain lymphocytes such as T cells.

Perforin/GrB (Granzyme B): 
cytolytic protein

5(Cann, Van Netthen, & Van Netthen, C., Postgraduate medical journal, 2003) (Alfei, Ho, & Lo, Oncogene, 2021)



Cancer Therapeutic vaccine targets: TAAs and TSAs
◦ Aim to generate anti-tumor immune responses directed against tumor-associated antigens 

(TAAs) or tumor-specific antigens (TSAs).

6(https://www.auxitherapeutics.com/taa-t)
(Higgins, Bernstein, & Hodge, Cancer biology & therapy, 2009)



Different platforms of 
cancer vaccines
Peptide- and protein-based 
vaccines

Cellular Vaccines

Genetic vaccine

Other types of cancer vaccines

7(Morse, Gwin, & Mitchell, Targeted oncology, 2021)



Peptide- and Protein-based vaccines
◦ The forms of delivered antigens are short amino acids (peptides) or larger protein 

bases.
Generate an immune 

response to TAAs that are 
uniquely or highly expressed 

on cancer cells 

Advantages Disadvantages

Low toxicity Low/moderate immunogenicity

Widely adaptable population (with 
functional TAAs identified)

Peptide: restricted to HLA subtype

Relatively easy to manufacture Protein: hard identification for whole 
proteins
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(DeMaria & Bilusic, Hematology/Oncology Clinics , 2019)



Cellular Vaccines
◦ Initial type of therapeutic cancer vaccine tested.

◦ Commonly include: Dendritic cells (DCs) loaded with tumor (neo)antigens, modified autologous cancer cells, 
and allogeneic tumor cell lines.

Advantages Disadvantages

High immunogenicity Expensive and difficult to produce

Specific control of antigen 
presentation

Risk of leukapheresis (vascular 
injury, electrolyte imbalance)
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(Kumar, et al., Journal of biosciences, 2017)



1st therapeutic cancer vaccine: 
Sipuleucel-T (Provenge)
◦ Sipuleucel-T, sold under the brand name Provenge, is a 

cell-based cancer immunotherapy for prostate cancer
(Cap).

◦ A course of treatment consists of three basic steps:

1. The patient's white blood cells, primarily dendritic 
cells are extracted in a leukapheresis procedure.

2. The blood product is incubated with a fusion protein 
consisting of two parts:

The antigen prostatic acid phosphatase (PAP), which is 
present in 95% of prostate cancer cells and

An immune signaling factor granulocyte-macrophage 
colony-stimulating factor (GM-CSF) helps the APCs to 
mature.

The activated blood product is reinfused into the patient.
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(Xu, et al., Theranostics, 2019)

Provenge costs $93,000 for the full six-week 
treatment, which includes three infusions



Phase III clinical trail of 
Sipuleucel-T 
◦Method: total 512 patients 
341 sipuleucel-T vs. 171 placeboes 
administered intravenously every 2 weeks, 
for a total of three infusions.
◦ Primary endpoints: overall survival, 

analyzed by means of levels of serum 
prostate-specific antigen (PSA) and 
lactate dehydrogenase. 
◦ Results:  

22% in the risk of death (P=0.03). 
4.1-month improvements in median 

survival
3-years survival probability (31.75% vs. 

23.0%) 11

(Kantoff, et al., New England Journal of Medicine, 2010)



Genetic Vaccines
◦ DNA/RNA-based cancer vaccines: genes which are capable of tumor antigen coding.

Advantages Disadvantages

Easy designs of specific and multiple antigens DNA and RNA: could be immunostimulatory 
by themselves (hard to keep stable)

Not restricted to HLA-patient type Requires specific transportation/storage 
conditions

12(Aurisicchio & Ciliberto, Expert opinion on biological therapy, 2012)



Development of personalized RNA-based cancer vaccines
◦ RNAs encoding for unique tumor antigens could be either injected into the human body or transfected 

into DCs to develop cell surface antigens. 

◦ Presentation of antigens by APCs will promote the interactions between APCs and immune system cells, 
through the interactions of antigens and T cell receptors.

13(Boisguérin, et al., British journal of cancer, 2014)



mRNA vaccine for cancer 
immunotherapy
◦ mRNA cancer vaccine: high potency, safe administration, rapid development 

potentials, and cost-effective manufacturing. 

◦ During vaccination, naked or vehicle-loaded mRNA vaccines efficiently express 
tumor antigens in antigen-presenting cells (APCs), facilitate APC activation and 
innate/adaptive immune stimulation.

◦ The advantages of mRNA over DNA as a cancer vaccine:

1. mRNAs can be translated in both dividing and non-dividing cells,. The rate and 
magnitude of protein expression of mRNA are typically higher than DNA vaccines

2. Unlike DNA vaccines, mRNA vaccines cannot integrate into the genome sequence, 
thus free of insertional mutagenesis. 

14(Lorebrzeb, et al., The Lancet Oncology, 2022)



Other types of vaccines (Viral/Bacterial-based vaccine)
◦ Do not deliver de+ined tumor antigens to generate anti-tumor immunity
◦ Two approved cases:
Mycobacterium bovis bacillus Calmette–Guérin (BCG) is approved for the treatment of early-stage of the bladder 
cancer. 

The oncolytic viral vaccine T-VEC, a herpes virus genetically modified to express GM-CSF, was licensed for the 
treatment of patients with unresectable melanoma. 

Total median costs at 1 year 
from the start of BCG 

induction therapy were $29,459; 
2 years, $55,267; and 5 years, 

$117,361.
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(Williams, et al., JAMA network open, 2021)(Redelman-Sodo, Glickman, & Bochner, Nature Reviews Urology, 2014)



Viral-based cancer vaccine: 
Talimogene laherparepvec (T-vec)

◦ Talimogene laherparepvec, sold under the 
brand name Imlygic, is a herpes virus 
genetically modified to express GM-CSF used 
to treat melanoma.

◦ It is injected directly into a subset of lesions 
which generates a systemic immune response 
against the recipient‘s cancer.

◦ The makers of T-VEC have estimated the 
treatment will cost on average $65,000.
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(Ramman, Hecht, & Chan, Immunotherapy, 2019)



Phase III clinical trail of 
Talimogene Laherparepvec

◦ Method: 436 Patients with injectable melanoma 
that was not surgically resectable were randomly 
assigned at a two-to-one ratio to intralesional T-
VEC or subcutaneous GM-CSF. 

◦ The primary end point was durable response rate
(DRR; objective response lasting continuously 6 
months) per independent assessment. Key 
secondary endpoints included overall survival 
(OS) and overall response rate. 

DRR: 16.3% T-VEC vs. 2.1% GM-CSF

Median OS: 23.3 months T-VEC vs. 18.9 
months GM-CSF
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(Andtbacka, et al., Journal of clinical oncology, 2015)



Differences among 4 cancer vaccine platforms

18(Lopes, Vandermeulen, & Préat, Journal of Experimental & Clinical Cancer Research, 2019) 



Challenges for 
cancer 
treatment 
vaccines 

◦ A lack of response to the 
therapy (Primary) or 
following initial 
responsiveness of tumors 
to treatments (Secondary).

◦ Tumor intrinsic 
mechanisms: determined 
by the trials of the tumor 
cell itself

◦ Tumor extrinsic 
mechanisms: involve the 
tumor stromal components

19
(Saxene, et al., Nature Reviews Cancer, 2021)

The priming of tumour-reactive T 
cells requires antigens to be 

recognized by DCs at the vaccine 
site (1) for presentation to T cells in 

the draining lymph nodes (2)

Impair activation or alter 
the quality of tumour-
reactive T cells. 

The migration of activated T cells to 
tumors may be blocked due to the tumor

microenvironments’ alteration (3).

In the tumor cell bed (4), the CAFs and 
immunosuppressive cells could secret some 

immune factors such as interleukin 
cytokines to block the T-cell activate and 

development.

Tumor cells (5) exploit tumour-
intrinsic mechanisms, including 

mutaKons in signalling pathways 
presenKng lowering or loss of 

tumour anKgen.



Some perspectives about Future Cancer Vaccine Development:
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◦ Vaccines are safe and can elicit long-term immune memory responses, which may be suitable for early-stage or 
minimal residual disease settings.

◦ Identifying antigens and vaccine vectors that will lead to strong and broad T cell responses, tailoring vaccine designs 
to achieve optimal antigen presentation by professional APCs, and finding combination partners to overcome the 
diverse cancer immune escape.

◦ Therapeutic cancer vaccines may also help actualize the full potential of immunotherapies.

◦ Pan-cancer vaccines based on Pan-cancer genome analysis

eg: CAR-T-related vaccine

(MA, et al., Science, 2019)

(Hollingsworth, & Jansen, npj Vaccines, 2019)
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mRNA-
based cancer 
vaccines in 
clinical trails 

23(Huff, Jaffee, & Zaidi, The Journal of Clinical Investigation, 2022)


