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Therapeutics

How Scalable Manufacture will Enable Progress for 
Lentiviral Therapies 

There were 1,358 active clinical trials for cell therapies in 
2021, an increase of 78% compared with 2019.3 In the next 
few years we expect to see more clinical trials and regulatory 
approvals, with the FDA predicting that they will be approving 
between 10 and 20 cell and gene therapy products per year 
by 2025.4 

An increased number of cell and gene therapies, especially 
for common diseases with large patient populations, is 
anticipated to drive an increased need for viral vector manu- 
facture. Scalable manufacturing technologies, such as stable, 
high-yielding packaging and producer HEK293 cell lines and 
space-efficient suspension cell platforms will be necessary to 
keep pace with increased demand.5

In addition to the ability to treat new and large patient 
populations, changes in the ways that innovators use lentiviral 
vectors may also drive an increased demand for scalable 
production. These could include the transition from ex vivo to in 
vivo lentiviral gene therapies and from autologous to allogeneic 
cell therapies. As the potential applications for lentiviral vectors 
expand, it’s likely to drive a corresponding need for efficient 
and scalable lentiviral vector manufacture.

The Ability to Treat Larger Patient Populations
Cell and gene therapies hold great promise for rare diseases 
with small patient populations, with over 80% of rare diseases 
having a monogenic cause.6 However, as cell and gene therapy 
research advances, it brings the potential to treat more 
common and complex diseases such as neurological diseases, 
infectious diseases and a wide range of cancer types with 
more prevalence.7 For example, lentiviral therapies are being 
investigated to treat hepatocellular carcinoma (HCC), which 
accounts for approximately 75% of liver cancer cases in the 
USA.8,9

The ability to target more common diseases with 
larger patient populations will drive a greater demand for 
manufacturing technologies that reliably produce enough viral 
vector to treat those populations. This is particularly true for 
applications where one manufacturing run could be used to 
transfect cells for treating several patients, such as allogeneic 
cell therapies.10 Treatment of more common indications will 
require efficient manufacturing processes, with the ability 

In the twenty years since creation of the first effective 
CAR-T cells, lentiviral vectors have become valuable tools 
for the development of ex vivo gene and cell therapies.1 
Two ex vivo lentiviral gene therapy products have recently 
reached the market, one approved for treatment of 
acute lymphoblastic leukaemia and the other for beta 
thalassemia.2 The successful development of these 
treatments has demonstrated the potential for lentiviral 
therapies to treat cancer and other diseases.

to generate as much viral vector as possible in a space- and 
cost-effective way.

A Move Towards In Vivo Uses for Lentiviral Therapies
Traditionally, in vivo gene therapies have used adeno-associated 
virus (AAV) vectors, an approach which has proved successful 
in multiple indications. However, the use of AAV vectors is 
not without challenges, such as the widespread pre-existing 
immunity against AAV in the population, hindering the efficacy 
of AAV-based treatments for some patients due to immune 
response. In addition, AAV vectors tend to take an episomal 
location in the nucleus of target cells and can be lost over 
time, creating potential difficulties for long-term expression.2 

Lentiviral vectors, by contrast, can stably integrate their 
transgene into the target cell chromatin and are maintained 
through cell replication, creating potentially longer-term 
expression than AAV vectors.11

Lentiviral vectors have not typically been used for in vivo 
gene therapies due to their risk of insertional mutagenesis, 
which could occur if they integrate into a transcriptional 
unit used for cell division. However, this risk appears to be 
strongly reduced for newer generations of lentiviral vectors as 
supported by clinical data. Several studies are also investigating 
non-integrating lentiviral vectors (NILVs). Their viral genome 
remains in the cell as an episome and does not integrate into 
the genome, with potential safety benefits. However, expression 
may be short-lived, similar to the episomal expression of AAV 
vectors.11

Because of their potential for long-term expression, lentiviral 
vectors could hold particular promise for specific patient 
populations if used in vivo to target dividing cells. These 
populations could include paediatric haemophilia patients who 
require drug delivery to the liver – the substantial liver growth 
in children would help maintain transgene expression which 
could be lost if AAV was used.2 

In addition to the potential benefits of lentiviral vectors 
compared with AAV vectors for long-term gene expression, there 
are benefits of in vivo platforms compared with ex vivo platforms 
which could apply to lentiviral vectors. In vivo applications 
could improve consistency between patients compared with 
ex vivo applications, due to the variability inherent in patient 
cell isolation, transduction, and transplantation.12 

The time to access treatment can be reduced with in vivo 
therapies compared with ex vivo therapies because they 
eliminate the delays associated with collecting, transducing 
and reinfusing cells, as well as the specialised facilities needed 
for that process. It has been suggested that in vivo treatments 
could therefore enable treatment of genetic disease within the 
first weeks of life because they eliminate the delays associated 
with processing cells ex vivo. For example, an in vivo treatment 
for X-linked severe combined immunodeficiency (SCID-X1), 
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usually diagnosed in the first week after birth, would provide 
further hope for paediatric patients.13 These features, among 
others, suggest that there could be benefits of lentiviral vectors 
for in vivo applications if their safety can be demonstrated.2 

Ex vivo applications typically require relatively low quantities 
of lentiviral vector because the transduced cells can be 
expanded in culture before transplant back into the patient, 
with transgene expression maintained through cell passages. 
Higher yields would likely be needed for in vivo applications, 
which usually require larger doses to transduce sufficient 
patient cells. This could mean that scalability becomes 
particularly important for the creation of in vivo cell therapies, 
with the requirement for platforms to produce high viral yields 
from each manufacturing run. 

The Transition from Autologous to Allogeneic Therapies  
Autologous approaches have been used successfully for 
CAR-T cell therapies and can convey substantial advantages; 
for example, the reduced risk of graft versus host disease 
compared with allogeneic therapies. However, the widespread 
option for allogeneic therapies could be hugely beneficial. 
Allogeneic approaches would be much more efficient to scale 
up because one manufacturing run can be used for multiple 
patients, reducing the cost per dose. The material may also 
be less variable than allogeneic therapies because healthy 
donors confer a more uniform starting material than patients, 
leading to more predictable manufacturing and performance. 
It would also open the door to locally-available ‘off-the-shelf’ 
therapies rather than requiring such complex transport logistics 
of patients and materials, increasing accessibility.10 

An allogeneic approach could use material from a 
universal source such as genetically modified donor T cells 
or immortalized cell lines. A proof-of-concept was conducted 
in 2015, in which two paediatric patients at Great Ormond 
Street Hospital, London were treated with an allogeneic CAR-T 
cell therapy against B cell acute lymphoblastic leukaemia.14 
This, and other similar studies, have shown promising results, 
and if future research can sufficiently demonstrate their safety 
and efficacy then allogeneic cell therapies could substantially 
expand the number of patients whose disease could be 
treated.

The potential to reach more patients would increase the 
requirement for high yields of lentiviral vectors, and therefore 
for manufacturing technologies which can scale-up effectively, 
creating a lot of viral vector from each manufacturing run. If 
more allogeneic cell therapies enter late-stage clinical trials and 
gain market approval, this will be likely to substantially increase 
the demand for lentiviral vectors, in turn driving the demand 
for more easily scalable manufacturing systems.

Summary
There has been substantial success within the field of cell and 
gene therapies over the last two decades, with many treatments 
approved and increasing numbers in clinical trials. As the 
industry discovers new applications for lentiviral vectors and 
shifts towards investigating in vivo therapies, allogeneic cell 
therapies and treating larger patient populations, manufacturing 
technologies must keep pace and deliver high vector yields in 
a space- and cost-effective way. Over the next few years, as we 

see progress within in vivo applications of lentiviral vectors and 
allogeneic cell therapies, among other applications, scalable 
manufacturing platforms, such as lentiviral producer cell lines, 
will become even more valuable.
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