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Introduction to 
Advanced Therapeutics



Learning Outcomes

By the end of this module you should:

• Understand some of the technical terms used when describing Advanced Therapeutic Products

• Be familiar with some examples of Advanced Therapeutic Products

• Have an awareness of how advanced Therapeutics are regulated in Australia

• Have an understanding of some key challenges associated with the delivery of Advanced Therapeutics



What are Advanced Therapeutics
- Advanced Therapeutics are a new class of medicines that are based on genes, cells or tissues.

- Advanced Therapeutics have the potential to treat diseases and injury that currently have limited treatment options or no cure.

- Advanced Therapeutics can be classified as

Gene Therapy 
Product -

in vivo & ex vivo

Somatic Cell 
Therapy Product

Tissue Engineered 
Product

Bacteriophage 
‘Phage’ Therapy 

Product
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The Basics



Cells & Tissues
A cell is the basic unit of life. Human cells provide structure for the 
body, take nutrients from food and carry out important functions.

Cells with similar functions group together to form tissues, which 
group together to form organs. 

Cells Tissues Organ



Genes
Inside the nucleus of a cell there are 23 pair of chromosomes, each made of DNA (deoxyribonucleic acid).

Genes are short pieces of DNA that carry specific genetic information instructing specific proteins that function in one or more types of cells in the body.



How does DNA instruct a cell to make a specific protein?

DNA contains the information needed to replicate itself. This 
process is called replication.

DNA also provides instructions that can be transcribed to an 
intermediate message called mRNA. This process is called 
transcription.

mRNA is then translated into proteins that perform all the 
functions necessary for life. This process is called translation.

The process described above is named Gene Expression. 



Recombinant DNA
Recombinant DNA is DNA that has been formed artificially by combining genetic material from multiple sources.  
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Types of Advanced Therapeutics



Gene Therapy (in vivo & ex vivo)

Gene Therapy works by replacing a disease-
causing gene with a healthy copy of the gene, 
inactivating a disease causing gene that is not 
functioning properly or introducing a new or 
modified gene into the body to help treat a 
disease.

A Gene Therapy product is a biological medicine 
that consists of recombinant nucleic acid (DNA & 
mRNA), housed within a vector, delivered to the 
patient either in vivo or ex vivo. 



gene augmentation therapy

gene inhibition therapy

suicide gene to kill disease cells

Gene Therapy (in vivo & ex vivo)
Gene Therapy mechanisms of action



Gene Therapy (in vivo & ex vivo)
Gene Therapy mechanisms of action cont.

redirecting the immune system

marking diseased cells for 
destruction



Gene Therapy Delivery
For Gene Therapies to work the modified genetic material needs to be transported into target cells using a vector. Vectors are delivery vehicles that carry the 
modified genetic material and deliver it to target cells. There are 2 main classes of vectors: Viral vectors and Non-Viral vectors.

Dev Jayant et. al. (2016)



Gene Therapy indications (in vivo vs. ex vivo)

in vivo Gene Therapy involves the delivery of the therapeutic 
gene (DNA) into the target cells of a particular tissue. Potential 
tissues to be treated with an in vivo approach include, liver, 
muscle, spleen, ocular, lung, blood and brain. The success of in 
vivo gene therapeutics are dependant on;

o The ability of the therapeutic gene to infiltrate the target 
cells.

o Degradation of the gene and its uptake by the nucleus

o The ability of the therapeutic gene to make the required 
RNA and proteins. This is called gene expression.

ex vivo gene therapy involves the transfer of genes in cultured 
cells (eg. bone marrow) in a laboratory before being 
reintroduced into the patient. Ex vivo gene therapy can only be 
applied to selected tissues whose cells can be cultured outside 
of the body. The success of ex vivo gene therapy is dependant 
on; 

o The stability of the therapeutic gene 

o The ability of the therapeutic gene to be continuously 
expressed.



Somatic Cell Therapy Products

Somatic Cell Therapy Products are medicines that contain cells or tissues that have been manipulated to change their biological characteristics, or cells or 
tissues not intended to be used for the same essential functions in the body.

These therapeutic products may arise from cells/tissues from the patient themselves (autologous), from another human (allogeneic) or from animals.

They may be manipulated (engineered) cells or tissues.

Pham (2016)



Somatic Cell Therapy Indications
The most well-established and widely used stem cell treatment is a haematopoietic (cord blood or bone marrow) transplant. This is the only established stem 
cell treatment approved in Australia and is standard practice for the treatment of blood and immune system disorders. As this treatment is recognised as 
standard practice it is not classified as an Advanced Therapeutic.

If a therapy required cells to be substantially manipulated, cells were used for a different function and/or therapy was manufactured outside of a hospital setting 
the therapy would be classed as an Advanced Therapeutic.



Tissue Engineering

Tissue Engineering (sometimes also referred to as 
Regenerative Medicine) is the practice of combining 
scaffolds, cells, and biological molecules into functional 
tissues. 

The aim of tissue engineering is to restore, maintain or 
improve damaged tissue or organs.



Tissue Engineered Product
Ortho-ACI (Orthocell) is the first Tissue Engineered product approved for use in Australia by the TGA.

Ortho-ACI is used in a procedure called autologous chondrocyte Implantation (ACI). Healthy articular cartilage is taken from the patient and 
cartilage cells are isolated and grown. During surgery the cells are implanted into a custom-designed scaffold to begin regeneration of new 
cartilage.



Bacteriophage ‘Phage’ Therapy

Bacteriophage (phage) therapy is the use of bacterial viruses to treat bacterial infections. Phages are the natural enemy of bacteria and can be found in soil, 
sewage, water and other places bacteria live. They many also be synthetically produced.

Phage therapy works by binding to a bacteria and infecting that bacteria with its genes. The bacteria are selectively targeted and destroyed without harming 
the patient (host organism) and other beneficial bacteria. 

Once the harmful bacteria are lysed (dead) the phages will cease to multiply.



Bacteriophage ‘Phage’ Therapy Indications

Khalid et. al. 2021



Combined Advanced Therapeutic Products
Advanced Therapeutic Products may fall within the definitions of multiple products.

An example of this is CAR T cell therapy. This is an ex vivo gene therapy product that also fulfils the 
definition of a somatic cell therapy product.
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Regulation of Advanced Therapeutics 
in Australia



Therapeutics Goods Administration (TGA)
The TGA is a federal body within the Australia Department of Health. The TGA regulates the safety, 
quality and efficacy of therapeutic goods in Australia.

Advanced Therapeutic Products may be defined under any of the therapeutic classifications 
currently defined by the TGA. These include;

o Medicines
o Devices
o Biologicals
o Blood

The TGA has not yet adopted a definition specific to Advanced Therapeutic Products. 



Therapeutics Goods Administration (TGA)
Two different gene therapies regulated under different pathways in Australia

Type of gene therapy Regulatory pathway Example For further 
information

Ex vivo (gene is 
delivered to cells 
outside of the body, 
which are then 
transferred back into 
the body)

Class 4 biological CAR-T cells (human 
cells)

https://www.tga.gov.a
u/publication/australia
n-regulatory-
guidelines-biologicals-
argb

In vivo (gene is 
transferred to cells 
inside the patient’s 
body)

Prescription medicine Adeno-associated virus https://www.tga.gov.a
u/prescription-
medicines

TGA, 2019

https://www.tga.gov.au/publication/australian-regulatory-guidelines-biologicals-argb
https://www.tga.gov.au/prescription-medicines


Genetically Modified Organism (GMO)
Some classes of Advanced Therapeutics also meet the definition of a GMO. 

A Genetically modified organisms as defined by the European Union is;

‘an organism, with the exception of human beings, in which the genetic material has been 
altered in a way which does not occur naturally by mating and/or natural recombination’

In addition to meeting regulatory requirements of the TGA, therapeutics classed as GMOs are also 
overseen by the Office of the Gene Technology Regulator (OGTR). 



Office of the Gene Technology Regulator (OGTR)
The OGTR regulates the use of GMOs in Australia. 

The regulator has a specific responsibility to protect the health and safety of people and the 
environment by managing the risks associated with dealings conducted with GMOs in Australia.

The OGTR accredits organisations who work with GMOs and provides oversight on the management 
(storage, use, transport and disposal) of products classified as GMOs through its accreditation and 
licencing schemes.

http://www.ogtr.gov.au/

http://www.ogtr.gov.au/


Office of the Gene Technology Regulator (OGTR)

In previous years the OGTR managed the majority of applications from organisations in the 
agricultural industry and research organisations performing laboratory research with GMOs. 

The increasing prevalence of Advanced Therapeutics involving GMOs has led to a marked increase in 
accreditation and licence applications for use of these products in human clinical trials.

OGTR, 2019-20



28 Sydney Children’s Hospitals Network

Challenges for Clinical Implementation of 
Advanced Therapeutics



Research & Development Challenges

o Complex manufacturing processes which is further hindered by a low supply of starting materials, suitably qualified staff. 

o Products are often for use in rare disorders and specific indications. The demand for these therapies is low and the unit cost is high.

o Stringent regulatory requirements around the manufacture, testing, approval and reimbursement of therapies. 

o Difficulty in attracting clinical trail access to these therapies in Australia due to geographical location, and limited centres with experience in delivery of 
Advanced Therapeutics – capability in NSW is growing through the SCHN Kids Advanced Therapeutics Program. 

viral vector manufacturing facility to be established at the 
Westmead Health Precinct 



Challenges in Clinical Delivery
o Central role of Pharmacy in the special care required in handling, storage and preparation of products.

o Lack of staff awareness/experience in the delivery of these therapies.

o Expensive products, may be unique to the patient and even irreplaceable.

o Close coordination required across departments and with external companies providing therapies.

o Specialised hospital infrastructure, governance and clinical pathways required for successful delivery.

o Management of expectations for patients receiving therapy and their families. Long term side effects and efficacy is unknown.



Solutions!

o Provide all staff involved in handling products with appropriate 
education and training.

o Build organisational capability in the delivery of Advanced 
Therapeutics.

o Ensure appropriate technical and pharmaceutical resources are 
available.

o Robust governance procedures for oversight of Advanced 
Therapeutics

o Additional avenues of support to patients/families receiving 
treatment with advanced Therapeutics

These are all key objectives of the SCHN Kids Advanced Therapeutics 
Program
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