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Logistics & Supply Chain

The rapidly growing field of cell and gene therapy is both 
exciting and confusing to many, including those who work in 
the medical community and on the periphery. Advancements 
of therapies happen at a feverish pace. The number of clinical 
trials increases exponentially in a short time. And bringing 
therapies to commercialisation remains a hurdle.

 As biotech companies navigate bringing cell and gene therapies 
from clinical trials to commercialisation, companies within the 
supply chain also work to understand and support this evolving field 
of medicine. In the case of cold chain, this means navigating variable 
temperature requirements and offering solutions that accommodate 
people unfamiliar with temperature-controlled packaging, as well 
as innovating ways to track and monitor irreplaceable raw material 
and completed therapies as they travel from and to the patient. As 
therapies reach commercialisation and advance beyond one-to-one 
treatments, adaptability and standardisation become increasingly 
important.

 
The Market
Cell and gene therapy are overlapping fields of biomedical research 
and treatment. Both serve to treat, prevent and cure genetic and 
acquired diseases. But they work differently. 

According to the American Association of Blood Banks, 
cell therapy replaces or repairs damaged tissues or cells with 
transplanted human cells.1 The cells either originate from the 
patient (autologous) or a donor (allogeneic). The applications are 
expansive, as there are hundreds of cells that make up the human 
body. Most cell-based therapies are currently experimental, with 
few exceptions. For example, hematopoietic blood stem cell 
transplantation was first explored in humans in the 1950s and is 
currently a well-established treatment for blood diseases.

Gene therapies, by contrast, replace genes to help the body fight 
or treat disease, turn off genes that cause problems or replace genes 
that cause problems with ones that work correctly. Once a new gene 
is created, a vector is used to deliver new genes directly into cells –
either inside or outside the body.2 Gene therapy was first introduced 
in the late 1970s, and the first gene therapy trial in humans began 
in 1990.3

Arguably, the introduction of successful Chimeric Antigen 
Receptor T-cell therapy (CAR-T) in the early 2000s was a pivotal 
tipping point in the evolution of the cell and gene therapy market. 
Market growth is exponential. In 2012, there were 12 CAR-T clinical 
trials. By 2019, the number surged to 514. And between 2017 and 
2020, three CAR-T products reached commercialisation, with the 
number estimated to reach double digits by 2024. In 2019, CAR-T 
therapy earned more than $700 million, and with more products 
expected to reach commercialisation, this rapid-growth industry is 
poised to produce over $10.8 billion by 2027.

Since Kymriah and Yescarta received historic approvals of 
CAR-T therapies in 2017, their products have been infused into an 
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estimated 450,000 patients worldwide. With growing numbers of 
approvals anticipated, the patient population for CAR-T therapy 
alone will reach approximately 2 million within the next 10 years.4 
Currently, most of the therapies use products derived from blood 
samples. But with growing momentum to develop treatments for 
solid tumours and other tissues, more products with different 
requirements are likely to emerge. 

The Supply Chain
The supply chain required for cell and gene therapy is simple, but 
variables not seen in a traditional pharmaceutical supply chain make 
it especially challenging. Unlike most pharmaceutical products, the 
raw materials used to develop potentially life-saving cell and gene 
therapies are most often a patient’s own cells. A trained medical 
professional collects the cells, ships them to another facility to create 
the therapy and the therapy is shipped back to the patient’s medical 
facility for infusion.

However, medical facilities vary in infrastructure, available 
equipment, and technologies. This poses a challenge when 
temperature-sensitive cells require temperature control and 
specialised packaging to transport them safely to a biotech 
company. Facilities may not have equipment to refrigerate or 
freeze cells, space to store bulky temperature-controlled packaging 
or appropriate freezers to condition packaging components. Staff 
familiarity with and training on temperature-controlled packaging 
could also introduce risk in the form of temperature excursions.

Since cell and gene therapies are generally a treatment of last 
resort, patients are often very sick. Many would not be able to donate 
a second blood sample if the first sample or therapy experienced 
damaging temperature excursions. Fool-proof temperature control 
is necessary, especially when shipping a patient’s cells to a biotech 
company.

Companies specialising in temperature-controlled packaging 
now make single-use and reusable refrigerated shippers that 
are easier to use at these sites. These new refrigerated shipping 
systems require no conditioning, and they weigh significantly less 
than shippers that use traditional coolants like ice. Just one touch 
of a button activates the cooling process for refrigerated samples, 
bringing a room temperature product slowly to 2–8 degrees 
Celsius.

These systems use evaporative, reactive cooling technology that 
responds and adjusts to varying ambient temperatures. This ensures 
the payload is protected from external temperature fluctuations 
throughout the duration of the shipping process.

Therapies shipped back to a patient’s medical facility are most 
often shipped frozen using vaporised liquid nitrogen (LN2). This 
requires special training since LN2 can cause frostbite or skin burn if 
touched, and its gases can damage delicate eye tissue. This shipping 
method also proves costly because of the specialised training needed 
to use LN2 shippers. When moving from one-to-one therapies to 
commercialised, mass-produced therapies, LN2 costs become too 
much to sustain.
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Temperature and Location Monitoring
Temperature excursions that cause a patient’s cells or therapy to 
deviate outside of the allowed temperature range could damage 
the container’s payload, resulting in a devastating impact on the 
patient’s health. Maintaining supply chain integrity is critical to 
mitigating risks and ensuring the safe and secure transportation of 
health-giving and life-saving cells and therapies.

Stakeholders in pharmaceutical shipments demand increasing 
levels of transparency regarding the status of shipments, including 
location tracking and temperature history.

Cold chain and courier companies are increasingly using 
advanced asset management software systems to monitor 
temperatures and ensure packages are shipped to the right place, at 
the right time and arrive in the right condition. A key development 
includes real time monitoring of payloads via smart loggers and 
devices that are interconnected to the Internet of Things (IoT), 
making it possible to access and assess the condition of the 
payload in transit. Being alerted about a temperature excursion by 

the shipper before it reaches its destination allows preventive or 
corrective supply chain actions earlier than would have otherwise 
been possible, especially if hand-couriered to a final destination.

These new, advanced software systems and the integration of 
information technologies (IT) within the pharma supply chain, play 
an increasingly vital role in protecting pharmaceutical shipments 
from excursions during transport to their destinations. Issues 
can arise if the shipper is opened during a customs inspection or 
tampered with during transit. The IoT device can track or warn 
when a shipper is opened, for how long and if there is a risk to the 
payload’s temperature requirements.

GPS is currently the only technology that provides real time 
tracking. While there is growing interest in using GPS-enabled/IoT 
sensors for temperature tracking, they are not widely used. This is 
because GPS technology tends to be heavy, expensive and takes 
up a fair amount of payload space. Additionally, when loaded on 
an airplane, the tracking signals must be turned off, so they do not 
interfere with airplane navigation. This technology is most often 
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used with individualised CAR-T therapies, where the loss of a 
product could mean life or death for the patient. 

When exact location and condition is not needed, another class of 
smart devices can be used. These are just in time (JIT) devices, and 
they often use other methods of communication when passing through 
a physical IoT gate or provide a download of data via Bluetooth, QR 
code, bar code, USB connection or other method. This data includes 
logged temperature information or the number of times the payload 
was opened, which can be assessed at the end of the journey.

Depending on the location, condition and temperature data 
needed, real time or JIT devices can be an ideal solution when 
weighing urgency of data need versus cost and reduction in payload 
size. Data retrieved and shared can help biotech companies make 
more informed choices on the most appropriate cold chain solutions 
to deploy depending on specific shipping lanes.

The latest global tracking technologies to ensure the protection 
of pharmaceutical payloads offer a wide range of capabilities. These 
include options to set up automatic maintenance, next shipment 
alerts and produce customisable reports. Related to advances in 
tracking technologies is increased interest in developing better, 
more effective solutions to enable use and sharing of data between 
packaging providers, logistics providers and biotech companies.

Future Considerations
Biotech companies face several complex challenges, including 
protecting the integrity of temperature-sensitive, high-value 
payloads during transportation. This must be done while mitigating 
costs, managing and tracking assets within a complex supply chain, 
meeting stringent global regulatory standards, navigating complex 
global shipping lanes and circumventing unforeseen challenges.

Current cell and gene therapies are primarily autologous – 
using a patient’s own cells - and result in a high treatment price 
per patient. High treatment costs are not sustainable. As the 
industry evolves, it is anticipated that more companies will work 
on allogeneic-based therapies that are more cost effective and more 
aligned with treatment reimbursement. These therapies could also 
offer an opportunity to move beyond one-to-one therapies into 
mass-produced therapies.

Reimbursement constraints for patient therapies will play a 
role when biotech companies look at mass-produced therapies. 
When mass produced therapies become a reality, it would be costly 
and impractical to continue using expensive and more complex 
LN2 systems for these therapies. Biotech companies will need to 
standardise temperature requirements for their therapies and move 
toward temperature ranges that offer economy and scalability - like 
dry ice. Cold chain companies and biotech companies need to work 
together to standardise shipping solutions.

With biotech companies developing ever more complex and 
temperature-sensitive therapies, there’s growing demand to 
integrate IT solutions within the supply chain balanced alongside 
the established requirements of providing improved packaging 
performance and efficiency within cold chain logistics. 

Innovation, IT integration and new technologies to enhance 
supply chain monitoring and remote tracking will become 
increasingly important with bulk shipments. These technologies 
are crucial in addition to the continuous evolution of smart 
temperature-controlled packaging protecting cell and gene therapy 
payloads globally. 

The industry trend to deploy reusable systems coupled with 
asset management SaaS (software as a service) may catch on for 
cell and gene therapies. These systems can automatically collect 
and analyse data from company smart data logger outputs. These 
monitoring devices are increasingly used in cold chain as 
they become more affordable and accessible to biotech and 
pharmaceutical companies. These stakeholders are excited about 
the prospect of offsetting the costs of these new technologies 
with savings, based on reduction of lost products, and using data 
from smart devices to add efficiencies and fine tune distribution 
models.

Alternatively, IoT devices can be attached to a specialised 
container to ship a pallet of products providing an isolated 
monitoring option to pick up data, which can be saved to the Cloud 
via Bluetooth or Radio-Frequency Identification (RFID).  

It’s predicted that advancements in GPS tracking options via an 
online SaaS system will soon become standard within the industry. 
Benefits to biotech companies include knowing where their 
shipment is throughout its complex logistics journey. 

If payloads are intercepted, lost, or get delayed en route, the 
biotech company can take steps to intervene and recharge or 
replace coolants, so the package or the bulk system gets delivered 
before expected temperature duration is exhausted. This 
presents a strong case for using IoT devices and supporting 
software and technology to mitigate a temperature excursion 
caused by a delay.

The cell and gene therapy industry continues to grow and expand 
as new, life-saving, and health-giving treatments, technologies 
and distribution strategies evolve. Biotech companies, cold chain 
companies and other stakeholders will need to work together to 
standardise product requirements, maximise efficiencies and 
optimise benefits for patients who depend on their products and 
services.
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