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Like all retroviruses, lentiviruses 
can integrate into a host genome 
by converting their single 
stranded RNA genome into 
double-stranded DNA. However, 
unlike other retroviruses, 
lentiviruses can transduce non-
dividing and quiescent cells, 
which make lentiviral vectors a 
popular choice for gene transfer 
within cell therapy.

Specifi cally, lentiviral vectors are 
often used for the development 
of ex vivo cell therapies including 
chimeric antigen receptor 
(CAR-T) cell therapies, where 
they represent a useful tool 
for gene delivery [1]. This is at 
least in part because introducing 
lentiviral vectors to cells outside 
the body reduces the risk of 
insertional mutagenesis in off-
target populations and improves 
targeting compared with in vivo 
use. 

Introduction to Lentiviral 
Vectors

Lentiviral vectors encode the 
necessary components to 
deliver gene transfer to cells 
and are usually constructed 
from plasmids. Approaches for 
building lentiviral vectors have 
changed over time, with third-
generation vectors that contain 
only a fraction of the original 
viral genes considered safer than 
previous iterations. 

Third-generation lentiviral 
packaging systems comprise four 
plasmids, and some systems 
have been further modifi ed, for 
example OXGENE’s lentiviral 
packaging plasmids have been 
engineered to improve packaging 
effi ciency, transgene expression 
and overall viral yield. In addition 
to the evolving approaches 
for building lentiviral vectors, 
manufacturing processes and 
testing requirements also change 
over time.

Lentiviral Manufacture

There are substantial challenges 
associated with manufacture 
of lentiviral vectors at the 
high infectious titers required 
for their use as therapeutic 
delivery agents. Logistical and 
scientifi c challenges are also 
associated with enhanced testing 
requirements to ensure that the 
therapeutics developed using 
these vectors are safe and can 
gain regulatory approval. 

Before commencing clinical 
trials, therapeutics developers 
must fi le an application with 
regulatory authorities detailing 
the process by which a novel cell 
therapy will be manufactured. 
Amending the manufacturing 
process post fi ling is both 
complicated and expensive, so 
developers will ideally lock in 
their manufacturing process and 
equipment requirements early in 
their clinical pipeline.
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This chapter explores the challenges associated with lentiviral manufacture and testing, from 
logistical to technical scientifi c obstacles, and discusses potential solutions.
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Contract Development and 
Manufacturing Organisations 
(CDMOs) therefore need to be 
fully fl exible, since cell therapy 
developers will have different 
manufacturing requirements 
depending on where they’re up 
to in the clinical development of 
their therapeutic and even the 
size of the patient population 
they’re aiming to target. Ideally, 
an effi cient manufacturing 
partner will be able to 
accommodate any customer 
needs.

For example, therapeutics 
developers requiring lentiviral 
vectors to treat a rare disease 
with an ex vivo cell therapy may 
never need large quantities of 
viral vector and so will be happy 
with an adherent cell culture 
system.

Adherent HEK293 cell platforms, 
often used early in development, 
are diffi cult to scale out 
and scale up for large scale 
production, since they require 
multiple fl asks of cells to be 
stored within incubators, which 
can introduce ineffi ciencies in 
terms of both space and staffi ng 
requirements when it comes to 
large scale manufacture [2].

Therefore, therapeutics 
developers requiring large 
quantities of lentiviral vector, for 
example to address a sizeable 
patient population, will need 
a fully scalable manufacturing 
process to enable production 
of suffi cient lentiviral vectors 
to accommodate both early 
phase clinical trials and eventual 
commercialization. These 
developers will therefore fi nd 
it advantageous to switch to a 
suspension cell system at an 
early stage due to scalability and 
cost-effi ciency. 

It’s also important for a CDMO 
to be able to meet the varying 
needs of customers whose 
therapeutics are at different 
stages of development. For 
example, customers who 
have already fi led with a 

regulatory authority may be 
locked into a certain process 
or equipment list, and their 
manufacturing partner will need 
to accommodate these in a 
bespoke manufacturing process. 
However, customers at the 
beginning of their large-scale 
manufacturing journey may 
choose to work with a partner 
who can offer a carefully 
optimized, pre-validated 
platform approach to scalable 
lentiviral vector manufacture, 
which can save the developer 
substantial time and cost. 

The platform offered by 
WuXi Advanced Therapies 
is optimized to accelerate 
the customers’ timeline to 
market, taking just 12 months 
to go from plasmid supply to 
investigational new drug (IND) 
fi ling. This pre-validated lentiviral 
suspension cell platform has 
been designed to provide all 
components, processes, and 
testing requirements to support 
customers from regulatory fi ling 
through to clinical development. 
In this platform approach, every 
step of the manufacturing 
process, from use of a high-
producing HEK293 clonal cell 
line and OXGENE’s lentiviral 
packaging plasmids, to pre-
validated upstream and 
downstream processes, has 
been carefully optimized. 
Specifi c steps have been 
built in to increase viral titers 
and quality, including pre-
warming the culture media, 
adding a chemical stimulant, 
optimizing transfection 
conditions, clarifi cation, 
column chromatography and 
ultrafi ltration, diafi ltration, and 
sterile fi ltration. 

A signifi cant advantage of this 
platform approach is that the 
process is very predictable 
and the results are reliable. 
The process has been carefully 
designed and tested and each 
step is noted in the batch 
record, ensuring transparency 
throughout all manufacturing 
steps. The platform approach 

also saves signifi cant time 
and costs when it comes to 
staff training and technology 
transfer, since manufacturing 
staff are well versed in the 
platform process. Furthermore, 
Bills of Material, batch 
records, technology transfer 
documentation and sample and 
testing plans are integrated into 
the platform, streamlining the 
GMP manufacturing process 
considerably.

Lentiviral Testing

Last, but by no means least, 
implementation of a robust 
testing plan is critical for the 
successful release and regulatory 
approval of the viral vectors 
for clinical and commercial 
purposes. There are multiple 
challenges associated with 
lentiviral testing; two of the most 
impactful are the complexity of 
the testing procedure, and the 
sensitivity of the assay to detect 
a single particle of replication 
competent lentivirus (RCL). 

To be safe for human use, 
lentiviral vectors must be unable 
to replicate and to therefore 
infect a patient. However, if RCL 
is detected, it could potentially 
arise from recombination 
of lentiviral vectors during 
manufacture [3]. Although RCL 
has not been reported (to the 
best of our knowledge) for 
a third-generation lentiviral 
system, it must be included in 
release testing. 

RCL detection is challenging 
due to the theoretical nature of 
its development and the lack 
of empirical data. Identifying 
appropriate targets for detecting 
RCL is diffi cult as few statistics 
are available to indicate which 
vector-specifi c particles would 
be incorporated [3]. In addition, 
RCL tests can be time consuming 
but need to be completed as 
quickly as possible, especially for 
patient materials. Lengthy tests 
can have a signifi cant impact 
on overall timelines for delivery 
of material to a patient, so 
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effi ciency is critical.

Experienced testing partners will 
ensure the quality and accuracy 
of RCL testing, while satisfying 
all regulatory requirements. 
Since this is the longest assay 
in a lot release panel, the 
testing window can be used to 
perform other assays required 
by regulatory authorities, such 
as contaminant testing and 
infectious titer, saving time 
overall. 

Requirements for testing cell 
and gene therapies evolve over 
time as regulators, testing 
organizations, and innovators 
learn best practice from previous 
projects. These requirements 
are also biologically complex 
due to the nature of 
advanced therapies. The FDA 
reclassifi cation of vectors used 
ex vivo from ‘raw material’ to 
‘drug substance’, for example, 
transformed and increased the 
testing requirements for these 
products. Keeping up with 
this complicated and shifting 
landscape can be challenging, so 
partnering with an experienced 
testing partner who can offer in-
depth regulatory support can be 
very advantageous.

Using multiple organizations 
to perform product tests can 

lead to additional logistical 
complexity. Involving multiple 
organizations often requires 
multiple site visits and audits, 
lengthy technology transfer, and 
lots of time spent by materials in 
transit.

This biological and logistical 
complexity can be handled 
by working with a single 
organization for the full 
testing panel. Using the same 
organisation for manufacturing 
and testing further simplifi es 
the process, reducing shipping 
times and technology transfer 
steps as well as streamlining 
communication and minimizing 
the number of site visits and 
audits needed. In addition, 
working with a single 
organization all the way from 
pre-clinical to GMP manufacture 
has the advantage of utilizing 
the same systems throughout, 
bringing benefi ts in terms of 
speed and reliability.

WuXi Advanced Therapies has 
developed fully integrated 
in-process and release 
testing, having conducted 
over 3,000 viral clearance 
studies with no rejections 
and over 40 commercial lot 
release programmes. This type 
of experience can help an 
organization to pre-empt and 

respond to changes based on 
past projects, helping create 
a smooth testing journey for 
innovators.

Summary

Lentiviral vectors are valuable 
gene transfer tools, used heavily 
in cell therapies including CAR-T 
therapies. To bring a new cell 
therapy from bench to clinic as 
effi ciently as possible, however, 
manufacturing processes must 
be suffi cient to generate high-
quality lentiviral plasmids at 
scale and should ideally be 
defi ned early to guarantee cost-
effective high yields. Testing 
must ensure that the product is 
safe for human use and a testing 
process can be designed to 
minimize logistical complexity.
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