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Process development 
considerations for cryopreservation 
of cellular therapies
Alireza Abazari, PhD

This article discusses the biopreservation steps as part of the 
manufacturing process, and reviews what considerations should be 
part of the picture when incorporating cryopreservation. It will also 
review Biopreservation Best Practices recommendations for the 
cryopreservation step through two case studies – one using a human 
T cell model and the second, human donor T cells. 
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SUPPLY CHAIN FOCUS:  
BIOLOGISTICS STRATEGY  
FOR SCALE-UP

THE ROLE OF 
CRYOPRESERVATION IN 
CELL AND GENE THERAPY 
MANUFACTURING
Figure 1 shows a typical immuno-
therapy workflow. A typical cel-
lular product is collected from a 
donor or patient and goes through 
the manufacturing process. The 
starting material may go through 

a cryopreservation process before 
manufacture. Following the manu-
facturing process, the final product 
is formulated for administration 
to the patient. Again, at this point 
the final product may go through a 
cryopreservation process.

We are familiar with the fact 
that biological cells deteriorate over 
time, even in normal conditions. 

When outside of normal condi-
tions, this deterioration process ac-
celerates significantly. To date, the 
only process that is capable of ar-
resting this biological degradation 
is cryopreservation. 

Cryopreservation is the process 
of lowering the temperature of the 
biological system to below -130°C, 
at which point the water-based 
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ff FIGURE 1
Typical immunotherapy workflow.

Modified from Cancer Gene Ther. 2015; 22: 72–78 (2015).
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biological system will be below the 
glass transition temperature, mo-
lecular motion will be arrested and 
the entire system will be in a state 
of “suspended animation”.

This concept theoretically allows 
for indefinite storage of biological 
materials. It buys the manufactur-
er time to conduct all necessary 
assays and prepare documentation 
for release. It also allows for more 
robust, reliable transport and ship-
ping options. Today, the availability 
of shippers that are able to maintain 
the temperature of -130°C or below 
for days at a time, offer a consider-
able degree of convenience and flex-
ibility over non-frozen cell products 
shipping.

Before implementing the cryo-
preservation step as part of the 
process, development work needs 
to be performed to ensure that 
cryopreservation is not adverse-
ly impacting the starting material 
entering the manufacturing pro-
cess: the robustness of the manu-
facturing process depends in large 
part on the quality of the starting 
material. Similarly, the quality of 
the final product could also be sig-
nificantly affected if cryopreserved. 
In other words, cryopreservation is 
the first AND the last step of the 
manufacturing process, and there-
fore, it is crucial to minimize the 
impact of cryopreservation on pro-
cess and product. 

Traditionally, the approach to 
cell preservation in academic and 
research environment is to formu-
late the cells in what is commonly 
known as a “home-brew” – a mix-
ture of culture media with various 
amounts of human or animal se-
rum, and different concentrations 
of dimethyl sulfoxide (DMSO). 
Once in this formulation, the cells 
are then typically stored at -80°C 

overnight before transferring to 
LN2 storage. A recovery rate of  
50% of cells may be perfectly ac-
ceptable to a researcher. Howev-
er, that is not the case when one 
is developing a cellular therapy 
product. The advent of tissue engi-
neering and regenerative medicine 
has led to more stringent quality 
and regulatory considerations for 
therapies that could be considered 
first-line of treatments for patients.

Certain best practices are rec-
ommended across the field of cell 
and gene therapy. Some of these 
best practices are based on risk 
mitigation – for example, using a 
GMP-manufactured, fully-defined 
media, whether it be a culture me-
dia in upstream processing for vec-
tor manufacturing, or downstream 
processing, or in the cryopreserva-
tion step. Essentially, using a ful-
ly-defined media versus a non-ful-
ly-defined media reduces a lot of 
the risk associated with process 
changes. It increases control over 
the process and facilitates conduct-
ing failure mode and error analysis 
(FMEA). 

Another example of best practice 
for cryopreservation is avoiding  a 
wash and reformulation step after 
thawing. This may be achieved by 
qualifying the cryopreservation re-
agent as an excipient rather than as 
an ancillary material.  One could 
consider having a wash and refor-
mulation step if the components of 
cryopreservation media are not ap-
proved for human administration. 
In that case, equipment, trained 
personnel and potentially a clean-
room facility either at or near to 
the patient’s bedside are required 
to conduct the wash and reformu-
lation process. This effectively ex-
tends the manufacturing process 
beyond the central bioprocessing 
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site on the point of care, which 
would be counterintuitive to hav-
ing a centralized manufacturing 
model. The requirement for ad-
ditional equipment and trained 
labor would also add significantly 
to the costs of manufacturing and 
increases risks and process and 
product variability. As such, de-
signing a process that eliminates 
the wash and reformulation step 
after cryopreservation is highly 
recommended.

RISK MITIGATION IN 
CRYOPRESERVATION
An example of risk mitigation is 
the use of intracellular-like me-
dia. Before delving more into this 
point, the advantages of using an 
intracellular-like media  for cryo-
preservation are reviewed below. 
On the left of Figure 2 is a cell 
functioning under normothermic 
conditions in a media that mim-
ics the ionic balance of blood se-
rum, like any cell culture medium. 
The gradient of ions across the 
cell membrane is a crucial factor 
for cellular homeostasis. The ionic 

balance of the intracellular milieu 
is stringently controlled because 
the concentration of certain ions 
and the salinity and pH of the in-
tracellular milieu is paramount for 
proper intracellular signaling and 
proper protein synthesis and fold-
ing. During cooling and freezing 
process, a reduction in tempera-
ture down to around 0°C, induces 
lipid membrane phase transition, 
resulting in loss of fluidity. As 
such, the cell membrane becomes 
permeable and a free flow of ions 
in the direction of the ion gradient 
occurs.

Cold-induced membrane per-
meabilization the freezing point of 
the solution, is exacerbated below, 
where ice formation concentrates 
the solutes in the solution. Pub-
lished measurements suggest that 
at -20°C, ice formation increases 
the concentration of salts in the 
solution to as high as 20-times 
the norm-osmotic concentrations. 
This significantly increases the tox-
icity of freezing media containing 
salts on cells, through changes in 
salinity and pH of the intracellu-
lar milieu. Upon thawing, cells 
experience a completely imbalance 

ff FIGURE 2
Recommended best practices: evidence-based workflow.
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of intracellular ionic strength, dis-
rupted intracellular signaling, and 
a significant load of misfolded or 
denatured proteins. The extent of 
stress and freezing-induced dam-
ages can overwhelm the capacity 
of intracellular machinery to re-
pair and recover, as such inducing 
apoptosis mechanism in cells. The 
major reason of observed post-
thaw cell loss. 

An easy fix for this problem, 
one that is applicable to most cell 
types, is to use a solution that mim-
ics the intracellular ionic balance. 
This can minimize the gradient 
of ions across the cell membrane, 
hence, reducing cold-induced cel-
lular stresses during the freezing 
process.

However, it is to be noted that 
most evidence-based best practic-
es are process dependent. The use 
of intracellular- versus extracellu-
lar-like media is a general recom-
mendation, T cells, NK cells or 
stem cells, have different biology 
and different susceptibility to cold, 

to sodium or ionic strength in the 
media, and different mechanical 
response to shrinking and swell-
ing induced by the freezing and 
thawing processes. Furthermore, 
the specific steps applied between 
harvest and thaw may impact the 
cells differently.  The suggestion is 
therefore to identify all the steps 
in the cryopreservation process 
and all the parameters of each step 
to examine the criticality of each 
step of the process. A few of the 
parameters for each potential step 
are listed in Figure 3. These are rep-
resentative of an end-of-manufac-
turing process, involving pre-freeze 
processing, formulation, cryopres-
ervation, storage, transport, thaw 
and delivery. 

It is imperative to begin at a 
very early stage of cell therapy de-
velopment to think about how the 
final product is going to reach the 
patient. Whether the final prod-
uct is in liquid or frozen form 
may have serious implications 
for the overall business plan and 

ff FIGURE 3
Cryopreservation process parameters.
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manufacturing model: a central-
ized manufacturing model involv-
ing shipping a frozen product, or 
a more decentralized or localized 
manufacturing model allowing for 
a ‘fresh’ product to reach patients 
sufficiently quickly, given its short-
er shelf-life, each with significantly 
different requirements in terms of 
capital expenditure, staffing, qual-
ity and regulatory foot print, to 
name a few.

CASE STUDIES
To illustrate the criticality of the 
process parameters, we will discuss 
two cases studying the impact of 
proper freezing media. The first 
is on functional assessment of the 
impact of cryopreservation on hu-
man CD3 T cells,  and the second 
is on identifying critical process 
parameters of cryopreservation us-
ing a T cell model (Jurkat cells).

Functional assessment 
of the impact of 
cryopreservation on human 
CD3 T cells

The first case study was selected to 
illustrate the impact of intracellu-
lar- versus extracellular-like media 
formulation and DMSO content, 
and how it impacts the critical 
quality attributes (CQAs) of the 
product. This case study also illus-
trates the impact of two process 
parameters relevant to manufactur-
ing process design, namely thawing 
and delivery model, and post-thaw 
stability time frame. Post-thaw sta-
bility is particularly are a topic of 
much conjecture: how stable is the 
product between thawing and ad-
ministration to the patient before 

it begins to lose potency? A fur-
ther common question regarding 
the starting material is, what is the 
best strategy to incorporate cryo-
preserved starting material into 
the manufacturing process? Do the 
thawed cells need to ‘rest’ for a pe-
riod of time before activation and 
transduction, or should they en-
ter this process immediately? The 
answer to this question may have 
a significant impact on the man-
ufacturing process timeline and 
efficiency.

In this study, human Pan CD3 
T cells were obtained from He-
maCare. The primary goal was to 
explore the impact of serum elim-
ination and use of intracellular 
media from the cryopreservation 
media. For this purpose, four dif-
ferent media formulations were 
compared head to head: tradition-
al home-brew formulations using 
Normosol R or PlasmaLyte-A, 
together with 5% w/w recombi-
nant human serum albumin, and 
10% v/v DMSO. Both of these 
formulations are very commonly 
used across publications in the cell 
therapy field. (In fact, one of these 
formulations is currently used in 
an approved product). The per-
formances of these formulations 
were compared with those of in-
tracellular-like media, which is 
the base formulation of CryoStor 
media. CryoStor CS5 and CryoS-
tor CS10 were used, both of which 
are devoid of serum and protein, 
but are instead formulated with 
sugars and other macromolecules 
at a similar weight per weight per-
centage. (CS5 has 5% DMSO and 
CS10 has 10% DMSO).

Human frozen down CD3 T 
cells were thawed in ImmunoCult 
T cell culture media and immedi-
ately activated using ImmunoCult 
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CD3/CD28/CD2 soluble acti-
vation agent (both reagents from 
(STEMCELL Technologies). The 
cells were then expanded after 24 
hours of stimulation by addition 
of ImmunoCult media. Upon 
reaching desired cell count after 9 
days, the cells were harvested and 
formulated in 4 different cryo-
preservation media, vialed and 
cryopreserved using  a liquid ni-
trogen-free controlled rate freezer. 
After transfer to, and a minimum 
of overnight storage in, liquid ni-
trogen, the samples were thawed 

in fresh culture media and placed 
back into culture. Each sample was 
divided into two: a control group 
rested in media supplemented with 
IL-2, another group rested in me-
dia supplemented with IL-2 plus 
ImmunoCult™ – an anti-CD3/
CD28/CD2 activation agent from 
STEMCELL Technologies.

The cells were followed post-
thaw for 3 days. They were assayed 
for viability, count, and INF-g se-
cretion on day zero (i.e. immedi-
ately post-thaw), at 24 hours and 
at 72 hours post-thaw. Figure 4A 

ff FIGURE 4
Cryopreservation and thawing of Human pan CD3+ cells.
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shows cell viability; 4B shows cell 
recovery and expansion; and 4C 
shows cell functionality assessed 
by the secretion of INF-g. On each 
panel, data from 4 different groups 
are presented:

1.	A non-frozen control;

2.	Cells cryopreserved in CryoStor 
CS10;

3.	Cells cryopreserved in 
Normosol/HSA with 10% 
DMSO; and

4.	 Cells cryopreserved in 
PlasmaLyte/HSA with 10% 
DMSO.

As observed in panel A, there is 
no significant difference in terms 
of the viability of cells that were 
frozen in the different formula-
tions. The viability of the non-fro-
zen control group rises above 
100% because the viabilities were 
normalized to pre-freeze viability. 
After 3 days of post-thaw culture, 
cells cryopreserved in CS10 had a 
higher viability than the other two 
groups. However, when activated, 
all three groups behaved similarly, 
and exhibited a loss of viability on 
day 1 followed by increasing viabil-
ity on day 3. However, as observed 
in panel B, there was a significant 
difference between non-frozen 
control/CryoStor CS10 and Nor-
mosol/PlasmaLyte in terms of ex-
pansion potential of the cells. At 
day 3 post-thaw, cells preserved in 
CryoStor CS10 proliferated at a 
similar rate to the non-frozen con-
trol. However, the Normosol and 
PlasmaLyte groups showed signifi-
cantly lower expansion rate.

In terms of functionality, the 
cells preserved in Normosol and 
PlasmaLyte groups were inferior to 

those cryopreserved in CryoStor. 
However, CryoStor was still sta-
tistically significantly lower com-
pared to non-frozen control.

In brief, the removal of serum 
and incorporation of intracellu-
lar-like media resulted in improved 
recovery and functionality of hu-
man CD3 cells upon thaw. How-
ever, it is important to note that 
the differences could only be ob-
served upon follow-up with func-
tional tests. These functional tests 
are essentially the expansion and 
secretion of cytokines. Such differ-
ences may not be clearly resolved 
if only relying on immediate or 24 
hour post-thaw assessment. 

For the purpose of exploring 
optimization of the DMSO con-
centration, the cells that were 
cryopreserved in CryoStor CS5 
were examined against those in 
CryoStor CS10. Again, Figure 5D 
shows no statistically different re-
sults between the resting groups at 
immediate post-thaw. The activat-
ed group in CryoStor CS5 shows 
a small improvement in viability. 
However, there was a significant 
improvement in the recovery and 
expansion of the cells in the CS10 
group at day 3 compared to CS5 
and similarly, in terms of INF-g 
secretion.

One can appreciate that CS10 
did better than CS5 in increasing 
the DMSO concentration, and this 
actually resulted in an improve-
ment in the process. However, in-
corporating the results from Nor-
mosol with 10% DMSO as well 
as PlasmaLyte-A and 10% DMSO 
in the analysis for comparison, at 
72 hours post-thaw, CryoStor CS5 
has the same recovery and expan-
sion potential, as well as higher 
functionality as assessed by INF-g 
secretion on day 3. This shows that 
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changing the extracellular media 
to an intracellular-like media es-
sentially allows one to decrease the 
necessary concentration of DMSO. 
Again, it is noticeable that viabili-
ty immediately post-thaw did not 
provide an appropriate means for 

assessing the cells and comparing 
the different formulations.

A further point to mention here 
is regarding final DMOS concen-
tration in the product is that it is a 
matter of risk versus benefit assess-
ment for each group to optimize 

ff FIGURE 5
Optimizing DMSO concentration (CryoStor CS5 vs CS10).
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DMSO concentration in the final 
product to enhance critical quali-
ty attributes. If an increase of 5% 
in DMSO significantly increased 
the potency, it would make it a lot 
easier to justify the use of higher 
DMSO concentration in your fi-
nal product. However, if that in-
crease only slightly improved the 
potency, then one might reason-
ably decide to reduce the DMSO 
concentration that will be admin-
istered into patient and forfeit the 
miniscule improvement in the 
CQAs of the product.

The final goal of this study was 
to examine whether a post-thaw 
delay in processing or in adminis-
tering the thawed dose to patients 
would have any beneficial or det-
rimental impact on the process or 
product. Therefore, T cells were 
cryopreserved in CryoStor CS5 in 
a similar manner, but were thawed 
and activated in 3 different ways: 
Group 1 was thawed, processed, 
and activated immediately upon 
thaw (control/immediate process 
group). Group 2 were thawed, but 
were left to rest on bench top for 

ff FIGURE 6
Examine delay/recovery time post-thaw as a CPP.
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60 minutes before further process-
ing (resuspension in media and 
activation step). This was to assess 
the post-thaw stability of the cells 
in the thawed cryopreservation 
media.  Group 3 were thawed and 
resuspended in media and rested in 
the incubator for 24 hours before 
activation step. This was to repre-
sent an additional day in the man-
ufacturing process to allow resting 
cells before activation. Activation 
step was conducted by adding im-
munoCult from StemCell Tech-
nologies, per manufacturer’s rec-
ommended protocol.  

The three groups were examined 
for viability (Figure 6A), recovery and 
proliferation (Figure 6B), and INF-g 
secretion (Figure 6C) at immediately, 
24 hours and 72 hours post-thaw.

As seen in Figure 6A, there is no 
significant difference in viability 
across all groups at respective time-
points. However, the immediately 
processed sample shows a signifi-
cantly higher expansion potential 
at day 3 post-thaw compared to 
both the delayed sample and also 
the sample allowed to rest for 24 
hours prior to cell activation.

It is important to mention here 
that the cells that were allowed to 
rest for 24 hours were actually ac-
tivated at 24 hours post-thaw. In 
order to be consistent, this group 
was cultured up to 96 hours post-
thaw, the data for which is not in-
cluded in Figure 6. However, when 
the 96-hour data was compared to 
the immediate post-thaw process-
ing data, no statistically significant 
difference was observed.

The lesson from this experiment 
is that a delay post-thaw translates 
into measurable detrimental effect 
on expansion potential. However, 
if the cells are allowed to rest in cul-
ture 24 hours prior to activation, 

expansion potential following ac-
tivation remains unaltered. This 
means that a rest period post-thaw 
and prior to activation is not nec-
essary for T cells. Of course, one 
should keep in mind that these re-
sults are obtained using one healthy 
donor material, and they may be 
different if repeated with different 
donor cells or with patient materi-
al. The conclusion from this is that 
from a manufacturing standpoint, 
it would be best to immediately 
activate upon thaw: this approach 
leads to the same expansion po-
tential while essentially saving 24 
hours of bioprocessing time.

In Figure 6C, a similar pattern 
in terms of functionality of T 
cells can be observed, as assessed 
by INF-g secretion. The 24-hour 
rested group was statistically lower 
than the immediate post-thaw pro-
cess group, but again, that was due 
to the sample being activated only 
for 48 hours rather than 72 hours 
for the other 2 groups. 

In brief, immediate processing 
followed by immediate activation 
post-thaw appears to be advanta-
geous compared to scenarios that 
allow recovery post-thaw. Further 
analysis would have to be conduct-
ed to identify the most cost-effec-
tive manufacturing approach based 
upon these results, or indeed, these 
experiments could simply be re-
peated in any lab and with any 
process to identify what is the most 
cost-effective approach for a given 
product.

To summarize the results of this 
first case study, some risk-based best 
practices may force changes to the 
process, including elimination of 
serum and protein. Optimization 
of cryopreservation process in-
cluding formulation can facilitate 
incorporation of such risk-based 
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best practices. Incorporation of 
a well-defined protein- and se-
rum-free intracellular-like media 
compensated for the elimination of 
serum in traditional ‘home-brew’ 
cryopreservation media that con-
tained higher DMSO content.

IDENTIFYING CRITICAL 
PROCESS PARAMETERS 
OF CRYOPRESERVATION 
USING JURKAT CELLS.
The second case study identifies 
some of the process parameters of 
the cryopreservation step that are 
perhaps more obscure. The Jurkat 
T cell model was used to study a 
variety of different process param-
eters, but for the purposes of this 
presentation, the focus is solely 
on one particular aspect of the 
freezing profile, and a particular 
aspect of how packaging impacts 
on CQAs.

The Jurkat T cells had been fro-
zen in CryoStor CS5. After stor-
age in liquid nitrogen and thaw-
ing, the cells were followed up for 
48 hours, looking at viability and 
count post-thaw. Count or pro-
liferation post-thaw would be the 
ultimate functional test for these 
Jurkat T cells.

The impact of proper nucleation, 
which is a small but very important 
part of the freezing profile, was re-
corded. For container impact, the 
indirect impact of container choice 
on the freezing rate was assessed, as 
were the CQAs of the products as 
determined by viability and prolif-
eration rate.

There is a very popular school 
classroom experiment where one 
freezes a supercooled water bottle. 
A supercooled condition is an un-
stable thermodynamic state when 

the temperature is below the freez-
ing point but ice crystals are yet to 
form. Disruption of this equilib-
rium results in the system going 
back to the minimal energy state, 
i.e., ice crystals. The intention 
with this experiment was to do the 
same with the freezing profile. In a 
standard freezing profile, a nucle-
ation step is designed specifically 
to disrupt this pseudo-equilibrium 
state in vials or bags and initiate 
nucleation. If nucleation is allowed 
to occur spontaneously, without 
activation, one starts to see signif-
icant variability in the product. In 
a freezing process without active 
nucleation, cells start to freeze ran-
domly at different temperatures 
below the freezing point. However, 
if active nucleation is incorporated 
into the freezing process, all of the 
vials freeze uniformly at the same 
time. This can eliminate a signif-
icant source of variability in final 
product CQAs.

A sample of cells was firstly 
frozen down and nucleated prop-
erly at around -10°C. A second 
sample was also allowed to freeze 
but the cells were not nucleated, 
meaning the equilibrium was not 
disrupted and nucleation was al-
lowed to happen spontaneously or 
stochastically. 

It is interesting to note that at 
24 hours post-thaw, both groups 
come out with identical viabilities, 
or viable recoveries. If one relies 
solely on viability or viable recov-
ery, there was no discernible dif-
ference between the two approach-
es. The difference is only visible 
at 24 hours post-thaw, when one 
begins to see a detrimental effect 
on the proliferation capacity of 
the non-nucleated group. This is a 
very important factor that contrib-
utes to significant variability in cell 
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product. It is suggested that pro-
cess development scientists should 
always ensure that proper control 
is maintained over this step and 
that rigorous process development 
around this step is carried out to 
minimize the potentially dam-
aging impact on viability caused 
by spontaneous or stochastic 
nucleation.

Turning to the impact of the 
freezing container, this particu-
lar experiment was born out of a 
conversation with a customer some 
years ago. The customer in ques-
tion mentioned that physicians or 
nurses very much prefer to have 
cryopreserved product in a vial due 
to physicians’ preference in work-
ing with vials and syringes rather 
than bags. This study was designed 
to ascertain whether the geometry 
of the vial could impact the out-
come of the freezing process.

The freezing process was simu-
lated in the largest vial, shown on 
the left in Figure 7. This is a vial 
that nominally contains about 

50 ml of freezing material, al-
though it would usually contain 
only 30–40 ml.

This simulation demonstrates 
that as the temperature drops on 
the outside at a common rate of 
1°C/minute, the gradient of tem-
perature between inside and out-
side the vial can reach to as high 
as 35C. This translates into signif-
icant variation in freezing rate that 
cells experience during freezing, 
with a large portion of the vial 
contents freezing at 0.5C/min or 
slower.

To test whether slower freez-
ing rates can adversely impact the 
cryopreservation process outcome, 
Jurkat cells were cryopreserved at 
0.5C/min or 1C/min. The results 
suggested that a freezing rate of 
0.5°C/minute translates into sig-
nificant loss of proliferation capac-
ity for the Jurkat cells: at 24 hours 
post-thaw, there is essentially no 
proliferation in the population 
of Jurkat cells that had frozen at 
0.5°C/minute.

ff FIGURE 7
Container closure: impact of freezing rate.
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This demonstrates an import-
ant process parameter that process 
development scientists should be 
aware of, as well as the capacity of 
the geometry and material of the 
storage container to significantly 
impact the CQAs of the product.

In summary, in-depth knowl-
edge of the cryopreservation pro-
cess is required to identify the crit-
ical process parameters that impact 
the quality attributes of the prod-
uct. Robust assays and long-term 
(>24-hour) post-thaw follow-up 
is necessary to fully evaluate and 
understand the impact of process 
parameters including media, and 
changes to various process param-
eters that may impact product 
CQAs.

Again, it is important to stress 
that immediate post-thaw viabil-
ity, especially after cryopreserva-
tion and particularly as measured 
by membrane integrity, is not an 

accurate representation of how 
well that cryopreservation pro-
cess was conducted. It is strongly 
recommended that development 
scientists identify other assays be-
yond membrane integrity or con-
duct long-term follow-up testing 
after cryopreservation and thaw to 
identify how that cryopreservation 
process was conducted and how it 
impacted the cells.

CONCLUSION
In conclusion, incorporation of 
Biopreservation Best Practices is 
a multi-faceted approach that ad-
dresses numerous commercial, 
quality/regulatory and process 
development concerns. Proper 
knowledge and understanding of 
cellular response to cold and freez-
ing is necessary for identification 
of critical process parameters that 
impact the CQAs of the product.

FROM THE Q&A

QQ How often does optimization of cryopreservation 
involve only substitution of the freeze media versus 
optimization of process development steps outside 
of the media?

In our experience, we have realized that optimizing the freezing 
media improves the results significantly. Much of the time, this 
meets a developer’s minimum requirements. With certain cell types, you 
may need to look at other process parameters such as the freezing profile, 
which is a key element of optimizing the process. However, if you are 
using an optimized media, it can alleviate some of these requirements. 
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QQ Do any of the products discussed here that were 
used by BioLife Solutions have FDA approval?

The FDA is concerned with medical devices and drugs and none 
of BioLife Solutions’ products are categorized as such. BioLife 
Solutions’ products are typically used as ancillary material or excipient. 
Ancillary products assist in the production of the end product but are 
completely removed from that product prior to patient administration. 
BioLife Solutions’ product can be used as excipient, which means that 
the cells and media combined are treated as one product that is to be 
approved by the FDA.

QQ What are the pros and cons of washing the cell 
product post-thaw to remove the cryoprotectant?

You may have elements of the cryomedia that must be removed 
from the product as they do not meet the requirements for pa-
tient administration. However, the washing step means an additional 
manufacturing step. The product of the washing step is in liquid form, 
which tend to have shorter shelf-life. It is important to think about trans-
porting the product more efficiently. You will also need expertise at the 
patient’s bedside to administer the product to the patient. This adds time 
and cost to the manufacturing process and is the reason why most com-
panies are not removing the cryoprotectant post-thaw and are instead 
aiming for approval of it as an excipient. 

QQ Are there ways to improve the stability of apheresis 
material between collection and processing?

There are two modes of transporting the material: fresh and 
cryopreserved. In the fresh form, you may seek to use an optimized 
media for the transport and delivery of the cells. If you are transporting 
fresh cells at 2°C -8°C degrees, the stress of cold can impact the quality 
of the product. This is why using an optimized media, designed to mit-
igate the cold stress on the cells, will result in increased durability of the 
starting material.
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