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WHY DO WE NEED THIS?

W H AT I S C A N C E R VA C C I N E ?
IMMUNOTHERAPY
also known as biological therapy, it
is a type of cancer treatment that
boosts the body's natural immune
response to fight cancer.

1

Monoclonal antibody

It attaches to specific site on cancer
cells, aiding tumour recognition and
destruction by immune system.
E.g. Trastuzumab for breast cancer

3

Adoptive cell transfer

2

Cytokine therapy

Cytokines directly stimulates immune
Conventional cell-based
cells at tumour site & enhances
• Limited efficacy in boosting
tumour recognition by cytotoxic
immune response of host
effector cells. E.g. TNFα, IFNα.

4

Treatment attempts to boost the
Implantable cancer vaccine works natural ability of patient’s own Tby presenting tumour-specific antigen cells to fight against cancer.
to immune system and destroys
cancer cells by generating adoptive
immune
response.
It
contains
programmable biomaterials made of
mesoporous silica rods nanoparticles
coated with polyethyleneimine .

Cancer vaccine

• Train immune cells ex vivo

Whole tumour

(Terbuch & Lopez, 2018)

The entire tumour is used
in creating the vaccine.
Antigen specific
The vaccine contains
antigens on cancer cells.
Dendritic cell based
It is made of dendritic cells
that are grown together with
cancer cells in a laboratory.

ImmunoBiomaterial therapy

The novel implantable cancer vaccine contains two types of biomaterials:

Mesoporous silica rods (MSRs)
• FDA-approved biodegradable, nano-sized, rod-shaped
medical polymer (Cong et al., 2018).
• Highly porous, function as drug carrier by creating 3D in vivo
scaffold to recruit & attract immune cells (Kim et al., 2015).
• Allow sustained and local release of immuno-modulating
factors (Rahmani et al., 2017).

• Utilization of cell culture
resources

Pre-clinical study was
conducted on mice with
melanoma
Vaccine: Poly lactic-coglycolic acid (PLGA)-PEI
cancer vaccine with
tumour antigen (tumour
lysates).

Principle of implantable cancer vaccine
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2

Phase I clinical trial:
was conducted on
human subjects with
metastatic melanoma in
2013 and estimated to be
completed by June 2020.

4

6

5

3
Lymph
node

Vaccine: Dendritic cell
activating scaffold
incorporating autologous
melanoma cell lysate
(WDVAX).

• Single injection of cancer vaccine
showed rapid and complete
eradication of HPV tumours in
mice.
• 80% of vaccinated mice remained
alive for more than 150 days. Nonvaccinated mice acquired cancer
within 30 days.
• Even at 6th month after the
vaccination, tumour cells within
the mice could still be destroyed.
This demonstrates that robust
immunological memory towards
the tumours had been formed.

HOW DOES IT WORK?

Tumour cell

• Potential to save cell culture
resources

• 50% of mice showed complete
tumour regression after treatment
with two doses of the cancer
vaccine.

Vaccine: MSR-PEI
cancer vaccine with E7
oncoprotein from human
papilloma virus (HPV).

The MSR-PEI cancer vaccine contains patient’s tumour-specific antigens
and immunostimulatory factors that are filled into MSNs coated with PEI.

• Train immune cells in vivo

Implantable cancer vaccine was tested in a series of pre-clinical
studies and is currently in phase I clinical trial for metastatic melanoma.
Trial
Significant findings

(Li et al., 2018).

• A polymer that has immune-stimulatory effect.
• It enhances the stimulation of DCs and ensures tumourdirected cytotoxic T-cell responses.
• It enables the vaccine to readily absorb multiple peptides,
without further modification of peptide (Shen et al., 2017).

• Enhanced efficacy in
boosting immune response by
biomaterials (Li et al., 2018)

L A B O R AT O R Y E V I D E N C E S

Pre-clinical study:
was conducted on mice
with HPV-induced tumour

Polyethyleneimine (PEI)

Biomaterial-based

(Cheung & Mooney, 2015)

(Ali et al., 2009).

BIOMATERIALS

Implantable
cancer vaccine

Biomaterial-based cancer vaccine has a few advantages relative to
conventional cancer vaccine (e.g. dendritic cell-based vaccine).

The results are yet to be posted.
The purpose of this clinical trial is to:
• determine the possibility to create
a vaccine against melanoma by
using
patient’s
melanoma
tumour cells combined with other
proteins to activate the immune
system and eventually destroy the
melanoma cells.
• evaluate the safety of the vaccine
and determine the presence of
side effects.

CHALLENGES
1 MSR-PEI cancer vaccine contains patient’s
tumour-specific antigen and
immunostimulatory factors.

Procedure (Melanoma patient)
1 Screening for patient
Medical history, physical examination, assessment of
tumour and blood test

2 Cancer vaccine is implanted directly under
the skin near lymph node.
3

Vaccine releases cytokine (e.g. GM-CSF)
into the surrounding.

4 GM-CSF attracts dendritic cells (DCs) to
the implanted site and reprogramme DCs.
Activated DCs are now able to recognise
cancer cells as foreign cells.
5 Activated DCs travel to the nearest lymph
node to activate T-cells via antigen
presentation.
6 Activated cytotoxic T-cells (CD8+)
proliferate and circulate throughout the
body to search and destroy tumour cells.
7 Immune memory is created for long-term
protection against tumour re-occurrence.
8 Vaccine safely degrades over time &
excreted out from the body.

2 Surgical removal of tumour tissues
3 Produce the vaccine
Tumour digestion → Filtration of the tumour lysate →
Add GM-CSF → Package into MSN-PEI polymer

4 Implant vaccine into the patient’s body
• Sterilize the vaccine implantation area
(arm, leg or torso) with surgical soap
• Create a small incision on patient’s skin
• Slide the vaccine ‘tablet’ into the incision
site with sterile surgical tool
• Use 2-3 stitches to close the incision
• Cover the stitches with sterile bandage

5

Four doses of vaccination

6 Follow up
• Assessment of tumour through CT scan or MRI
• Monitor the side effects throughout all the vaccination
doses until the side effects are gone

There are a few potential challenges for intervention:
➢ Neoantigen-containing vaccine often require complex
modifications and the neoantigens are cleared rapidly from the
body, which limits their presentation to DCs.
➢ Difficult to get rid of large or advanced tumours by using only
one type of cancer vaccine (Li et al., 2018).
➢ Children, elderly and immunocompromised patients can have
weak immune systems. Their bodies may not be able to produce a
strong immune response after vaccination. That limits how well a
vaccine works.

CONCLUSION
The creation of this MSN-PEI implantable cancer vaccine is a giant
leap forward in cancer therapy advancement.
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