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De-risking the final formulation, 
fill and finish step in cell therapy 
manufacturing: considerations 
for an automated solution
Dalip Sethi & Annie Cunningham

Final formulation and cryopreservation of the cell product is a critical and high-value step 
in cell therapy manufacturing. At this stage, the cells have been through a tedious selection, 
modification and expansion process, and maintaining their health and viability through this 
step is of utmost importance. This downstream step of final formulation heavily relies on 
manual processes that bring inherent user-dependent variability, and it becomes unsustain-
able with the demand for increased output in a manufacturing setting. The necessity to 
reduce open process steps, ensure process traceability, minimize DMSO contact time with 
cells and facilitate electronic data capture establishes the need for flexible automation at 
this step. The preferred automated system should be functionally closed with single-use 
disposables and should provide the ability to scale the process in a reproducible fashion. 
The system should reduce the number of open events compared to the current manual 
process and ensure material and process data traceability using industry-accepted compu-
tation. Implementing automation at this step not only ensures a more consistent product, it 
may also be an effective way to reduce risk at a critical step to support product delivery to 
the patients, while also reducing manufacturing costs.
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Regenerative Medicine (RM), a branch of 
medicine that regrows, repairs or replaces dam-
aged cells or tissues, has become an exciting and 

groundbreaking scientific field. As of August 
2020, there were 1,078 active clinical trials in 
the field for multiple disease indications. Out 
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of over 1,000 companies in the RM space, half 
are cell and gene therapy companies [1]. Given 
the innovation boom and clinical pipeline in 
the cell and gene therapy space, the US Food 
and Drug Administration (FDA) expects to re-
ceive hundreds of new investigational new drug 
(IND) applications by 2025 and to approve 10 
to 20 cell and gene products per year [2]. In the 
first half of 2020, a record-setting $10.7 billion 
was raised for therapy development, manufac-
turing and clinical infrastructure [1].

One of the most exciting and evolving 
branches in the cell therapy space is autologous 
adoptive immunotherapy, which requires ac-
quisition of a patient’s immune cells by apher-
esis followed by selection of the target cell type, 
genetic modification, expansion and final for-
mulation before reinfusion into the patient for 
the desired therapeutic effect. The exciting era 
of ‘living drugs’ brings its own complexity and 
challenges. One of the challenges is to manage 
the logistical transport of cells among multiple 
facilities, making cryopreservation a necessity 
for the large-scale commercial manufacturing 
process [3]. Final formulation and cryopres-
ervation of the cell product to prepare it for 
transfusion is potentially the most critical step 
in manufacturing. At this stage, the cells have 
been through a tedious selection, modification 
and expansion process, and maintaining their 
health and viability through this step is all-im-
portant. Attention should be given to the for-
mulation, fill and finish step during process 
development in order to fully understand the 
impact of formulation and cryopreservation on 
manufacturing and the cellular end product. 

DOWNSTREAM PROCESSING: 
DMSO IN FINAL FORMULATION, 
FILL & FINISH
One of the key steps of downstream processing 
is the addition of cryoprotectant to a cellular 
suspension. Cryoprotectants, such as dimethyl 
sulfoxide (DMSO), are chemicals that prevent 
cells from damage during freezing. A recent 
review by Awan et al. summarizes the role of 
DMSO in cryopreservation and its toxic effects 

for both in vitro and in vivo uses [4]. The au-
thors highlighted the critical place of DMSO 
in cryobiology and its widespread use in the 
field. Figure 1 summarizes the steps for adding 
cryoprotectant to a cell suspension during the 
pre-freezing step. Although cryoprotectants 
are necessary to protect cells during freezing, 
they can also damage cells due to osmot-
ic stress and biochemical toxicity [4]. Before 
a cryoprotectant, such as DMSO, is added, 
cells are generally suspended in solutions of 
physiological osmolality. The addition of cryo-
protectant solution increases the osmolality 
of the extracellular solution to approximately 
1400 mOsm for 10% DMSO, compared with 
approximately 260–320 mOsm for most cul-
ture media [4,5]. This creates an osmotic im-
balance that results in an exchange of water for 
molecules of cryoprotectant. Cryoprotectant 
solution should be added slowly to avoid os-
motic shock and to reduce the negative impact 
on the cells. In addition to exerting osmotic 
stress, DMSO as a cryoprotectant can also be 
toxic to cells due its chemical nature and the 
creation of an exothermic reaction when it is 
combined with an aqueous solution [6]. There-
fore, care and consideration should be taken 
to reduce DMSO exposure time and to coun-
teract the exothermic reaction with pre-cooled 
reagents. In another recent review by Yu et 
al., the authors highlight the need to reduce 
DMSO exposure time to cells for pre-freezing 
and post-thaw steps [7]. For therapeutic ap-
plications, exposure time to DMSO of up to 
30 minutes is considered acceptable prior to 
freezing [7]. In this article, we have highlighted 
DMSO exposure during the formulation, fill 
and finish steps; however, because of the need 
to deliver a high-quality dose to every patient, 
pre-freezing, freezing and post-thaw protocols 
are all critical processes to be considered. 

RISKS OF A MANUAL 
FORMULATION, FILL & FINISH 
PROCESS
With new regulatory approvals, potentially cu-
rative cell therapies are reaching more patients 
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globally and the need for greater manufactur-
ing scale is increasing in parallel. While auto-
mation is being adopted at multiple steps of the 
manufacturing process, the downstream step of 
final formulation, fill and finish still often relies 
heavily on manual methods. Manual methods, 
however, lack the process controls at this step 
that may impact the viability and functionality 
of cells at thaw. Any open, manual step in the 
process is heavily susceptible to contamination 
and operator-to-operator variability [8]. 

Although a manual process can be used in a 
manufacturing setting, there are inherent risks 

that could potentially affect a patient. Open 
events during washing, dilution, and cryopro-
tectant addition are subject to contamination. 
Another risk during a manual process is the 
potential for human error. The clinical dose 
administered to the patient relies on accurate 
cell counting and volumes, so something as 
simple as misreading a measurement or trans-
posing numbers during data capture could be 
detrimental. Final formulation is a key step 
in cell therapy manufacturing. Loss of the 
cell product at this stage due to human error 
would be costly not only in financial terms; 

 f FIGURE 1
This figure shows the osmolality changes to a cell when exposed to an addition of cryoprotectant, such as DMSO.

As the cell is exposed to the cryoprotectant (shown as red spheres), molecules of water (shown as green molecules) and solute (shown as purple 
spheres) are exchanged for molecules of cryoprotectant (shown as orange spheres). 
Created with BioRender.com. 
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the patient awaiting a potentially lifesaving 
cellular therapy would not receive it.

Mishandling of the cells by premature 
addition of cryoprotectant media, a heterog-
enous mixture with an imbalanced ratio of 
cryoprotectant to cell volume, or a lengthy 
exposure of the cells to DMSO could result in 
decreased health or viability of the cell prod-
uct. As previously mentioned, DMSO is an 
organic solvent, and its mixing with aqueous 
solutions, such as cell culture media, is exo-
thermic. The risk of heat damage to cells is re-
duced by pre-cooling the cryoprotectant and 
slowly adding it to the cells. Maintaining the 
product bags between gel packs is a key step 
during the manual addition of the cryopro-
tectant, but there is a general lack of process 
controls such as temperature set point and tol-
erance limits of the temperature for the bag. 
Syringe pumps may be used to control the 
speed of cryoprotectant addition but do not 
ensure product uniformity in each bag. Al-
though these mitigations provide reasonable 
assurance, they are not standardized among 
users and institutions. As with any manual 
process, there are chances of operator-to-oper-
ator variability, and even a single technologist 
may inadvertently not treat every product bag 
in the same way. This may result in incorrect 
volume ratios or non-homogenous mixtures. 

Accurate documentation of the steps is ex-
tremely important in the manufacturing pro-
cess, but manual methods are error-prone and 
may result in missing data, a lack of material 
workstream control, and too much total ex-
posure time of cells to DMSO. Manual docu-
mentation can slow down the process, result-
ing in longer-than-necessary DMSO exposure 
and process times. Manual methods also rely 
on additional personnel; quality oversight of 
manufacturing operations can be a major time 
and cost expense in manufacturing platforms 
[9]. Staff costs can also be one of the largest 
operational costs due to high training costs 
and production staff turnover [10]. 

The risks and costs associated with a manual 
fill and finish process, however, can be reduced 
by switching to automation. Automation re-
duces the risk of human error, controls the 

addition of cryoprotectant, monitors tempera-
ture set points and tolerance limits, and mix-
es each product consistently. Automation also 
reduces the need for additional quality control 
(QC) personnel to oversee the process, thus 
creating more reliability while reducing labor 
costs. 

CONSIDERATIONS FOR A 
FUNCTIONALLY CLOSED, 
AUTOMATED SYSTEM 
When considering a functionally closed sys-
tem that can enable automation of formula-
tion, fill and finish, there are several important 
factors to consider. First and foremost, any au-
tomation strategy should utilize functionally 
closed systems to reduce the number of open 
steps in the process. The cell therapy products 
cannot be sterilized at the end of manufac-
turing; therefore, it is critical to ensure their 
sterility through aseptic processing [11]. A 
functionally closed system can maintain the 
integrity of the process and considerably re-
duces the risk of contamination. The system 
should work with single-use disposables that 
can facilitate the introduction of materials, 
mixing of the combined products for homo-
geneity and aseptic filling of product bags. It 
should also facilitate automated mixing of the 
products to ensure consistent and homoge-
nous product between bags. The process must 
also automatically and consistently remove air 
within the functionally closed system without 
compromising the volume of cell product. The 
automated device should deliver final product 
bags closed with a single dependable seal to 
avoid introducing additional process risks.    

In addition, the automated system should 
allow process controls for temperature and the 
rate of cryoprotectant addition. Reiterating 
the point, the addition of cryoprotectant such 
as DMSO, to a cell suspension is an exother-
mic reaction and the release of energy could 
damage the cells [6,12]. Considering this sig-
nificant need for process controls and slow 
addition of pre-cooled cryoprotectant, an au-
tomated system must provide controlled-rate 
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addition of cryoprotectant and should moni-
tor the temperature throughout the formula-
tion and fill process.

Another important consideration for an 
automated system is that it should provide 
traceability of the formulation, fill and finish 
steps to facilitate Good Manufacturing Prac-
tices (GMP) compliance. The system should 
include electronic data capture that facilitates 
compliance with CFR Part 11, including data 
encryption, data maintenance and transfer 
within the system. User authentication, or 
password-protected login, is needed for de-
vice security and workflow or configuration 
management. Data recording of the process, 
including process alarms or flags based on us-
er-controlled limits and tolerances, as well as 
the ability to pull data from the system, are 
also critical. The process would also benefit 
from a barcoding system that enforces the or-
der of operations by validating each barcode 
before executing the associated process step. 

The final consideration for an automated 
fill and finish system is the ability to scale the 
process in a flexible way that can be adjusted 
to the therapeutic need or the need to meet 
treatment demands. This includes allowing 
the user to choose the number of cryobags 
and the volumes that are needed in each.

DATA SNAPSHOT OF AN 
AUTOMATED AND A MANUAL 
PROCESS
The Finia® Fill and Finish System is an ex-
ample of an automated and flexible platform 
that offers electronic data capture and helps 
facilitate compliance with current GMP reg-
ulations. The system allows cryopreservation 
in single-use disposable sets with cryopreser-
vation-friendly product bags. The disposable 
set, offered in two different volume config-
urations, contains three product bags plus 

 f FIGURE 2
Expanded healthy CD3+ cells were cryopreserved using the Finia® Fill and Finish system (“FINIA Process,” top) and manual 
methods (“Manual Process,” bottom). 

In both processes, CryoStor® CS10 (BioLife Solutions) was mixed with cell suspension in a 1:1 ratio resulting in a final concentration of 5% DMSO 
going into the controlled-rate freezer. After 72 hours in liquid nitrogen, the product bags were thawed, analyzed, and cultured for up to 48 hours. 
Created with BioRender.com.
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were added using syringes under a biohood. 
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resuspended in complete media. The cells were 
expanded post-thaw for 48 hours with cell 
counts and viability measured daily. Mean vi-
ability for post-thaw samples formulated and 
filled using Finia® remained above 90% for 
up to 48 hours in culture, compared to above 
89% for samples processed manually [13]. 

CONCLUSION
For cell-based therapies, formulation, fill and 
finish is an important element in the manufac-
turing process. As the final step prior to rein-
fusing patients in the hospital, it is critical that 
the integrity of the final cell product remain 
intact. Workflow controls and electronic data 
capture are key factors to ensure a consistent 
process. Automation, coupled with functional-
ly closed systems, is a way to ensure the cellular 
product is viable, consistent between product 
bags, and traceable from a GMP perspective. 
Automation can also drive down labor and fa-
cility costs and maintain reliable processes with 
electronic records of each action performed. 
For autologous cell therapies, an automated fill 
and finish process should be considered.
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Your fill and finish process no longer has to be labor-intensive, 
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The Finia® Fill and Finish System* is designed to be gentle on cells, maintaining uniformity of cell  
concentration and post-thaw T-cell viability greater than 90% for up to 48 hours.2,3 Finia can also:

*Product available in select markets.

Customers are responsible for validating the use of the Finia system for their intended therapy. 
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Facilitate cGMP  
compliance.1

Maintain cell viability 
and uniformity.2

Drive reproducibility  
and consistency.

 ■ Mix and cool up to three types of source material 
automatically. It uses active temperature control 
management to ensure your cells are maintained  
in a controlled environment during the addition  
of DMSO.

 ■ Automatically aliquot materials and seal lines to 
maintain sterility, without the need for manual 
manipulation to manage bags during processing. 

 ■ Precisely remove air from bags automatically  
to reduce the risk of product failure due to  
bag breakage.

 ■ Reduce the need for labor-intensive manual 
documentation and the risk of error with the 
unique Cell Processing Application software 
that facilitates GMP compliance and workflow 
configuration management.

cGMP: current Good Manufacturing Practices; DMSO: dimethyl sulfoxide.


