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Reference Standards from USP Biologics help ensure quality and 
reliability for critical applications. 
Just like the industry we support, USP Reference Standards are not static. We are constantly engaged with 
our customers to better understand how the industry is evolving and how we can help. When we identify a 
need that can be served by developing a new standard, we take action. 

USP Biologics: 
meeting your 
ever-changing needs 

Available from USP

Filgrastim System Suitability RS
Catalog #1270537 (1mg per ampule)
For use to support tests in the  
Filgrastim monograph. 

Filgrastim for Bioassay RS
Catalog #1270468 (1µg per ampule)

For assignment of relative potency of Filgrastim 
using the cell-based bioassay in the  
USP Filgrastim monograph.

High molecular weight Filgrastim RS
Catalog #1270457 (0.7mg per ampule)

Filgrastim Reference 
Standards
In the years since USP released the original 
Filgrastim Reference Standard, we’ve seen demand 
for specialized reference standards to support the 
analytical tests, high molecular weight analysis and 
bioassay. We are pleased to announce the release of 
three Reference Standards to support these varied 
uses: Filgrastim System Suitability, High molecular 
weight Filgrastim, and Filgrastim for Bioassay.

Bivalirudin Reference 
Standards
Bivalirudin is a short, synthetic peptide which acts as a 
potent and highly specific inhibitor of thrombin. With 
more than a dozen drug substance manufacturers 
and 9 drug product manufacturers approved to 
manufacture bivalirudin in the US, the development 
of public standards to support the quality of this vital 
therapeutic is essential.

About USP Bivalirudin RS

• Only pharmacopeial standard on Bivalirudin 

•   These are the only existing public standards for 
this product

Bivalirudin RS 
USP Catalog No:  #1076013 | 5 mg/vial

[ASP-9]-Bivalirudin RS 
USP Catalog No:  #1076024 | 1 mg/vial

[DES-GLU13] Bivalirudin 
USP Catalog No:  #1076035 | 1 mg/vial

IgG1 Reference Standards
These Reference Standards can be used as 
an independent control material for method 
development, training, method transfer, and  
internal assay control support, standardization  
of physico-chemical testing, such as intact mass, 
charge heterogeneity, size variants, purity, and 
glycan analyses.

• Size exclusion chromatography (SEC)

•  Capillary electrophoresis sodium dodecyl sulfate 
(CE-SDS) reduced

•  Capillary electrophoresis sodium dodecyl sulfate 
(CE-SDS) non-reduced

• Intact mass and glycan analysis

Monoclonal IgG  
Reference Standards

Monoclonal IgG System Suitability  
(2 mg) Catalog #1445550

USP mAb 001 RS, Monoclonal IgG1  
Catalog #1445539 

USP mAb 002 RS, Monoclonal IgG1  
Catalog #1445547 

USP mAb 003 RS, Monoclonal IgG1  
Catalog #1445595 

Gonadorelin Reference Standards
Two new Gonadorelin impurity RS support peak 
identification and system suitability of a new 
impurity method for this drug substance. These 
RS have been rigorously tested for suitability 
for compendial use, identity, and other relevant 
quality attributes via our collaborative multi-lab 
process. This ensures a high quality, consistent 
product that you can depend on for your 
analytical testing.

[D-His2]-Gonadorelin Catalog #1296701

[D-Tyr5]-Gonadorelin Catalog #1296712

Learn more about all our Reference 
Standards at usp.org/biologics

To contact someone directly about  
USP Reference Standards please email 
RSTech@usp.org

https://www.usp.org
mailto:RSTech@usp.org
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Major League Moves

I f a major league team was guaranteed to lose half of its best 
players (by far) over the next few seasons, the outlook would 
be gloomy. Our industry will lose core patents on Humira, 

Keytruda, Revlimid, and Eliquis shortly, with another slew of 
top sellers not long thereafter. Boardroom speculation has been 
rife with patent thickets and discussion regarding the technical 
challenges in producing generics for large complex biomolecules. 
But the obvious is true, this will happen, it will hurt, and some 
will feel the pain far more than others.

One might suppose the boardrooms of AbbVie, Bristol Myers 
Squibb, Merck, and Pfizer must feel most under siege. But while 
the threat falls heaviest here, these companies have also forti-
fied and reconfigured their operations the most, and have had 
the most money to do so. Mergers and acquisitions, while com-
paratively quiet the past year or so, are boiling away beneath the 
surface. More useful to the long-term interests of the pharma-
ceutical industry, however, are investments in new approaches, 
novel technologies, and fresh ways of thinking.

When the overall economy looks set to accelerate, that effect 
is first felt by architects. They first receive the funds to draw up 
blueprints for what building(s) comes next. In the pharmaceuti-
cal industry, that bellwether is the academic pharmaceutical sci-
entist. If you speak with someone from this group recently, they 
are likely to tell you of conversations ongoing about pilot pro-
grams or proof-of-concept partnerships they are excited about. 
A few days ago when chatting with a professor of pharmaceutical 
sciences and chemical engineering, he surprised me by outlin-
ing a simple path to delivering drugs safely past the blood brain 
barrier. This membrane has been an obstacle to neuroscience 
pharmaceuticals for such a long time because it does its job so 
well—keeping out the larger molecules evolution has taught us 
to be conservative toward. Another scientist shared background 
about mapping counterfeit drugs and linking that geospatially to 
a rise in resistant infections in several geographies.

One need only draw up a compilation map of which dis-
ease areas, what technology advances, and those engineering 
processes being redesigned in these academic conversations, to 
view a composite image of the biopharma industry’s next decade 
or two. A money-ball meets blink and the tipping point phar-
maome, if you will. Reportedly, from these conversations, after 
many decades of setbacks, pharmaceutical neuroscience looks 
like having a better season ahead than, say, the New York Jets.
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From the Editor

Next Level 
Interrogation

P andemic shortage of test animals 
increased focus on alternatives, with 
renewed attention on approaches that 

had reliable supply infrastructure, could find 
failures sooner, and markedly reduced time-
lines and overall costs, while revealing fresh 
aspects of biology. So, what’s the holdup to widescale industrial 
adoption to 3D cell cultures? Other than being simply unproven, 
initial costs are much higher; learning or creating processes take 
more time, skill, and expertise; there exist no commonly agreed 
upon standards; and there is a lack of reproducibility. Additionally, 
for some applications, there were technical stumbling blocks. 
Efforts directed toward actual organoid replacements for heart, 
liver, or kidney necessarily required artificial vascularization to 
support tissue functions for processes such as cell feeding, oxygen-
ation, and waste elimination. Without vascularization, those kinds 
of biological operations could only be performed through the very 
poor relative to vascularization, diffusion.

However, for other applications, a lack of vascularization actu-
ally more closely mimics the in vivo state of many cancer cells and 
tumor microenvironments. Furthermore, studies have also shown 
a difference in gene, protein, and cell receptor expression. These 
differences deliver more realistic responses to such key cell inter-
rogations, and better elucidate roles and requirements for prolifer-
ation, angiogenesis, and chemosensitivity (1). Most impressively, 
only 3D cell cultures reflect the hierarchical structure and cellular 
heterogeneity that mirror in vivo cell morphology, cell-cell inter-
actions, and diffusion barrier activities (2). The kinds of informa-
tion most sought after, anyway.

What I would like to draw attention to is a small Israeli 
company called Tissue Dynamics LTS, who estimates (in a 
dramatic claim) that the company could cut drug development 
costs by 40–80%, and time required by 30–50% overall (3). Their 
approach is to ab initio embed sensors into the organoid while its 
being grown, which allows AI-driven computation to directly 
interrogate biology every step along the development process. 
“This allows the robot to start screening drugs against different 
models of disease. It can perform, by itself, safety assessments in 
the microtissues and identify the drug that works best and causes 
the least damage to human organs, and it does this extremely fast. 
We can do it in 19,000 tissue samples at once. It is the equivalent 
of [testing on] 5000 patients,” said Yaakov Nahmias, founder and 
chief scientific officer of Tissue Dynamics LTS (3).  

REFERENCES
1. L. Gurski, et al.,  Oncol Issues 25:20–25 (2010).
2. A.W. Daus, P.G. Layer, C. Thielemann, Sensor Actuat B-Chem, 

165:53–58 (2012).
3. Debbie Mohnblatt/The Media Line, “Israeli Biotech 

Company Says It Can Revolutionize Drug Development,” 
The Jerusalem Post, March 15, 2022. ◆
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D espite the pandemic, FDA has worked 
to maintain appropriate oversight 
of biopharmaceutical production 

activities, while also advancing strategies to 
encourage industry adoption of advanced 
manufacturing systems. The larger goals of 
enhanced quality production are to prevent 
drug shortages and ensure adequate supplies 
of needed medical products, as outlined in a 
number of studies and initiatives. Several pol-
icies and programs encourage purchasers of 
drug ingredients and of finished products to 
consider a firm’s ability to consistently produce 
high-quality products, an approach that fits 
broader federal “buy American” programs seek-
ing to avoid supply chain problems that arise 
from import delays and difficulties.

Along these lines, a report from the National 
Academies of Sciences, Engineering and 
Medicine (NASEM) on strategies for prevent-
ing drug shortages and ensuring supply chain 
resiliency encourages healthcare systems to 
purchase from suppliers demonstrating supe-
rior quality and reliability. To this end, the 
report recommends that FDA publicly disclose 

the location of all manufacturing 
facilities that supply ingredients 
and components of drugs and med-
ical products (1). Such information 
would include the FDA Establishment 
Identifier (FEI) and location of fin-
ished dosage forms, active ingredi-
ents, and excipients for drugs sold in 
the United States. 

The annual report f rom the 
Office of Product Quality (OPQ) in 
the Center for Drug Evaluation and 
Research (CDER) similarly discusses 
efforts to assess manufacturing facil-

ities and avoid drug shortages during a time of 
reduced onsite inspections (2). OPQ describes its 
greater reliance on alternative oversight tools, 
including the analytics reported under CDER’s 
Knowledge-Aided Assessment and Structured 
Application (KASA) drug review program and its 
Emerging Technology Program (ETP)—initiatives 
that support company adoption of advanced 
manufacturing systems and quality-evaluation 
methods to better ensure timely production. 

And a broader February 2022 report on efforts 
to strengthen the US medical supply chain from 
the Department of Health and Human Services 
(HHS) highlights efforts to increase US produc-
tion of raw materials and fill/finish capacity for 
vaccine production, as well as increased vial 
manufacturing, as part of HHS efforts to ensure 
access to vaccines, therapeutics, and diagnostic 
tests during the pandemic (3). 

Concerns about ensuring the quality of  
pharmaceutical ingredients and products made 
overseas also is reflected in Congressional 
efforts to strengthen FDA’s foreign inspection 
program. The recently approved $6 billion FDA 
budget for the 2022 fiscal year calls for the 
agency to conduct real-time, unannounced 
plant inspections in foreign countries and 
instructs FDA to spend $5 million of its added 
funding on hiring additional foreign-based 
investigators for this purpose (4). Because  
of logistical difficulties in conducting surprise 
inspections overseas, FDA officials plan an anal-
ysis that compares the impact of announced 
vs. unannounced foreign site visits to better  
understand the value of such efforts. 

SEEKING NEW QUALITY METRICS 
Meanwhile, FDA continues to devise a program 
for manufacturers to collect and report a slate of 

Quality metrics and more domestic production  
aim to avoid supply disruptions and drug shortages.

FDA Maps Strategies to  
Advance Pharmaceutical Quality

Jill Wechsler is  
BioPharm International’s 

Washington editor,  
jillwechsler7@gmail.com.
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measures designed to indicate qual-
ity production. The agency recently 
outlined a revised approach for this 
initiative, which builds on earlier 
efforts to devise a system for com-
panies to measure and track data 
on manufacturing process perfor-
mance and pharmaceutical quality 
systems effectiveness. The new plan 
calls for manufacturers to report 
data on the proportion of manufac-
turing lots accepted within a cer-
tain time period, effectiveness of 
corrective action and prevention 
action (CAPA) activities, proportion 
of laboratory tests completed on 
schedule, and shipments of prod-
ucts delivered correctly and on 
time, as outlined in a Federal Register 
notice published March 9, 2022 (5).

This proposal aims to address 
strong industry opposition to FDA 
efforts in 2015 and 2016 to establish 
such a quality measurement pro-
gram. The underlying rationale is 
that by collecting data on manu-
facturing operations and product 
quality, companies can help FDA—

and themselves—identify risk fac-
tors likely to lead to shut-downs 
and shortages. Industry strongly 
objected to FDA’s initial data sub-
mission plan, prompting the agency 
to start over and collaborate with 
academics and industry in con-
ducting pilot programs to assess the 
impact on companies voluntarily 
providing quality management 
maturity (QMM) data. At the same 
time, the pandemic focused broader 
government and public attention 
on how drug manufacturing and 
quality operations affect national 
security and public health. 

FDA’s new performance met-
rics system aims to offer more  

flexibility for manufacturers to 
report data on key quality indica-
tors. The agency asks manufactur-
ers to weigh in by June 7, 2022 on 
the plan, particularly whether each 
establishment should report these 
data, how contract manufacturers 
should be measured, the process 
for revising metric reporting in the 
future, and the importance of try-
ing to measure the “quality cul-
ture” of a company. 

REFERENCES
1. NASEM et al., Building Resilience into 

the Nation’s Medical Product Supply 
Chains, The National Academies 
Press, Washington, DC, 2022.

2. FDA, Center for Drug Evaluation  
and Research, Office of Pharmaceutical 
Quality, 2021 Annual Report,  
Assuring quality medicines are available 
to the American public, February 2022.

3. ASPR, Public Health Supply  
Chain and Industrial Base One-Year 
Report, February 2022. 

4. US House of Representatives, Bills-
117RCP35 JES Division A, Division A–
Agriculture, Rural Development, Food 
and Drug Administration, and Related 
Appropriations Act, 2022, 
Congressional Directives. 

5. FDA, Federal Register, Vol. 87, No. 46, 
March 9, 2022. ◆

Industry strongly 
objected to 

FDA’s initial data 
submission plan.

Congressional leaders are proposing significant 
changes in FDA’s accelerated approval (AA) pathway 
for expedited development of important new thera-
pies to address critical health conditions. The AA pro-
gram has long faced criticism due to sponsor delays in 
conducting required postapproval studies to confirm 
clinical benefit. Moreover, FDA’s surprise decision in 
2021 to approve Biogen’s controversial Alzheimer’s 
treatment Aduhelm under the accelerated process has 
focused attention on the risks, benefits, and possible 
reforms to the program.
These issues have moved to center stage as Congress 

begins consideration of a host of proposals for revising 
and improving policies related to drug development and 
regulation for possible inclusion in broader legislation to 
reauthorize FDA user fees. The legislative process began 
with a hearing March 17, 2022 before the House Energy 
& Commerce (E&C) Health subcommittee. The panel 
reviewed more than 20 reform proposals that seek to 
expand diversity in clinical trials, to encourage domestic 
drug manufacturing, and to support development of 

generic drugs, biosimilars, antibiotics, and orphan 
drugs. And the Cures 2.0 Act furthers ongoing initiatives 
in data collection and clinical trial design to accelerate 
the discovery and development of new treatments.

A main focus was on measures to reform the AA 
process by requiring sponsors to conduct and 
complete confirmatory studies and to make it easier 
for FDA to remove those drugs from market that fail 
to meet postapproval commitments. E&C chairman 
Frank Pallone (D-NJ) led the debate by sponsoring a 
bill that requires postapproval studies to be underway 
at time of approval, not just designed and agreed-on 
by FDA, and for sponsors to provide frequent updates 
on the status of these studies. The bill also expedites 
procedures for withdrawing FDA approval for drugs 
that don’t meet agreed study timelines and, most 
notable, establishes a five-year timeframe for automatic 
expiration of an early approval for drugs that fail to 
confirm efficacy through post-approval studies.

—Jill Wechsler

FDA and Congress Re-Examine Accelerated Approval Program

https://www.nap.edu/catalog/26420/building-resilience-into-the-nations-medical-product-supply-chains
https://www.nap.edu/catalog/26420/building-resilience-into-the-nations-medical-product-supply-chains
https://www.nap.edu/catalog/26420/building-resilience-into-the-nations-medical-product-supply-chains
https://www.fda.gov/media/156272/download
https://www.fda.gov/media/156272/download
https://www.fda.gov/media/156272/download
https://aspr.hhs.gov/MCM/IBx/2022Report/Pages/default.aspx
https://aspr.hhs.gov/MCM/IBx/2022Report/Pages/default.aspx
https://aspr.hhs.gov/MCM/IBx/2022Report/Pages/default.aspx
https://docs.house.gov/billsthisweek/20220307/BILLS-117RCP35-JES-DIVISION-A.pdf
https://docs.house.gov/billsthisweek/20220307/BILLS-117RCP35-JES-DIVISION-A.pdf
https://docs.house.gov/billsthisweek/20220307/BILLS-117RCP35-JES-DIVISION-A.pdf
https://www.govinfo.gov/content/pkg/FR-2022-03-09/pdf/2022-04972.pdf
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Intensifying Downstream Processes
The need to increase efficiency and productivity is driving adoption.

CYNTHIA A. CHALLENER

T he biopharmaceutical industry is faced with the 
challenge of increasing efficiency and productiv-
ity to get needed medicines to patients more quickly 

and cost-effectively. Greater productivity and process  
efficiency are also required to increase capacities to meet rapidly 
growing demand for both traditional and next-generation bio-
logics. Process intensification allows biomanufacturers to produce 
more product, often more quickly, using fewer raw materials and 
smaller equipment in less space. While there has been much 
focus on upstream process intensification, this approach can have 
significant impacts for downstream processing as well.

MANY MARKET DRIVERS FOR INTENSIFICATION
As with any maturing sector, the biotech industry is on 
a journey toward increased efficiency and productivity, 
according to Natraj Ram, vice president of innovation for 
the BioProduction business of Thermo Fisher Scientific. 
“These efficiencies should translate directly to bringing 
treatments to patients faster and at lower cost. Further, due 
to the increased demand and growth of biologics, the need 
to improve efficiencies and productivity in biomanufactur-
ing is greater than ever before,” he says.

Developments in upstream processes, including higher titers 
resulting from upstream intensification or continuous output 
from perfusion production bioreactors, are creating the need for 

greater efficiency and productivity downstream, notes Gunnar 
Malmquist, senior principal scientist with Cytiva. In addition, 
he observes that the current competitive landscape with multi-
ple drugs targeting the same therapeutic modality and increased 
biosimilar competition are driving the need for improvements 
in process economics that can be achieved via intensification. 

Other drivers for downstream process intensification out-
lined by Malmquist include the personalized medicines trend 
and the increase in development of drugs targeting smaller 
patient populations, both of which typically require smaller 
volumes and thus smaller production batches. Process inten-
sification is also often key to improving the suboptimal pro-
cesses used to produce clinical batches of new therapeutic 
modalities in the rush to be first on the market.

Malmquist concludes: “Today’s diverse biologics pipeline 
increases the need for a smaller footprint and the need for 
multi-product facilities in order to achieve high efficiency and 
product throughput.”

DOWNSTREAM PROCESSING CHALLENGES 
Downstream operations in bioprocesses are challenging because 
of the extreme complexity of the mixtures to be purified. 
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“Crude solutions contain a very high 
number of impurities, some of which 
are very similar to the product,” observes 
Lucrèce Nicoud, head of product portfo-
lio for Ypso-Facto. In addition, advances 
in upstream processing have shifted 
the bottleneck in biomanufacturing to 
the downstream, which she says now 
accounts for the greatest portion of bio-
pharmaceutical production costs.

“Changing the current state of down-
stream processing is imperative,” adds 
Martin Lobedann, a process technology 
consultant at Sartorius. Downstream 
bottlenecks in cost, time, and required 
operational area can be attributed to 
higher buffer consumption and the 
associated increased demand for floor 
space. Non-value-added activities such 
as column packing and system cleaning 
also add to the downtime and increase 
the risk and operational area, while 
lower capacities and productivity across 
the purification steps, particularly chro-
matography, are additional issues.

Established protein-based biologics 
are further along in the journey toward 
efficiency, with next-generation bio-
molecules adopting these efficien-
cies as applicable, according to Ram. 

“Monoclonal antibody (mAb) processes 
have been around longer and have 
slowly matured as technology suppliers 
have had time to develop and improve 
tools that are fit-for-purpose. For these 
mature processes, there are opportu-
nities for improvements coming from 
years of process, product, and opera-
tional knowledge,” he comments.

Newer modality processes, Ram says, 
are still evolving and can’t afford to wait 
years to mature, creating an immediate 
demand for fit-for-purpose tools and a 
greater openness for newer technology 
adoption. As one example, he points to 
mRNA as a modality for future vaccines, 
with the need to achieve efficiencies in 
order to deliver vaccines globally in a 
cost-effective manner.

Next-generation modalities face 
more basic challenges on increasing 
titers, yields, consistency, and repro-

ducibility upstream before moving to 
more platform-based approaches, adds 
Ganesh Kumar, market entry strat-
egy manager at Sartorius. That means 
intensifying downstream processes will 
be important and application of the 
current practices adopted in the mAb 
industry may be possible.

There are, however, different chal-
lenges to increasing the efficiency of 
downstream processing for pro-
tein-based biologics and next-genera-
tion biomolecules, according to Tania 
Pereira Chilima, CTO of Univercells 
Technologies. “For mAbs manufactured 
using single-use technologies, one of 
the key challenges is the capture step, 
particularly when titers are high.” For 
next-generation biomolecules such as 
viral vectors based on adeno-associated 
viruses (AAVs), she notes that there are 
capture chromatography options avail-
able which can comfortably cope with 
the titers achieved today; the challenges 
lie in increasing yields and separating 
full and empty capsids.

MORE THAN MOVING  
FROM BATCH TO 
CONTINUOUS PROCESSING
Process intensification is much more 
than simply moving from batch to 
continuous, contends Kilian Kobl, a 

project manager with Ypso-Facto. 
“Transitioning towards continuous tech-
nologies oftentimes creates an interface 
to other (batch) parts of the process, and 
mastering this interface is key to a suc-
cessful implementation of continuous 
technologies,” he explains. In addition, he 
comments that there are activities such 
as reducing the number of buffers used 
in a process that are essential aspects 
of process intensification not linked to 
batch or continuous operating mode.

The perception that continuous down-
stream processing is the ultimate goal can 
be challenged, agrees Ioana Erlandsson, 
process design manager at Cytiva. “The 
best, most intense, solution is process- 
dependent and is at least partially driven 
by the upstream mode,” she states. 

Several companies are working 
toward implementation of connected 
processing in downstream, typically 
involving a semi-continuous process 
flow from harvest to the end of the 
third chromatography step, according 
to Lobedann. However, he cautions 
that “the transition to a fully continuous 
downstream process still needs to be 
evaluated as one must consider the ben-
efits versus risks this may present, espe-
cially if we are to consider steps such as 
virus filtration, where the business and 
safety risk posed by an integrity failure 
of the viral filter during continuous pro-
cessing could be quite high.”

In general, adds Ram, continuous 
processing would not make sense if 
greater facility productivity in terms of 
higher kg/year given a certain size/scale 
or a reduction in the scale of the facil-
ity to reduce footprint and capital cost 
could not be achieved. 

“The potential benefits of continuous 
processing in terms of productivity, effi-
ciency, batch consistency, cost of goods, 
reduced footprint, and raw-material 
requirements are well documented; the 
literature is saturated with scientific and 
engineering analyses and demonstra-
tions. Some challenges, such as automa-
tion, process analytical technology (PAT), 
equipment robustness, and a regulatory 
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pathway, are still undergoing develop-
ment and industry alignment. Ultimately, 
continuous adoption comes down to the 
business risk of doing something new 
and the required investment of time and 
money,” Ram continues.

INTENSIFYING THE CAPTURE 
STEP A PRIMARY FOCUS
The purification of biomolecules by 
chromatography consumes about 1000 
kg of eluent per kg of product, accord-
ing to Yohann Le Guennec, a project 
manager with Ypso-Facto. “That is an 
enormous quantity and this process 
must be changed. Eluent consump-
tion has direct implications in terms 
of cost, safety, and of course environ-
mental impact. Therefore, downstream 
process intensification efforts should 
aim at reducing raw material consump-
tion and the associated generation of 
wastes. Such greener, safer, and cheaper 
processes would also have smaller pro-
cessing footprints and require reduced 
storage space,” he believes.

Intensification of the capture 
step would have the greatest impact, 
Lobedann agrees. “Application of cur-
rent affinity-based resins in the market 
make it the most expensive step due to 
a lower productivity (<20 g/L/h) caused 
by a combination of low binding capac-
ities and linear flow velocities due to 
diffusion limitations,” he explains. 

OPPORTUNITIES ACROSS 
ALL DOWNSTREAM UNIT 
OPERATIONS
In addition to increasing the higher 
throughput and productivity of anti-
body capture, Ram says that process 
intensification and integration have 
applicability in many other aspects of 
downstream processing, ranging from 
integrated harvest and clarification of 
cell culture to intensification and inte-
gration of viral inactivation and anion 
exchange chromatography steps to buf-
fer preparation and management.

Process intensification would have a 
major impact on the interface between 

the bioreactor and the first capture step, 
as this is where the highest volumes are 
being generated, moved, and processed, 
according to Chilima. “The use of 
integrated, automated, and continuous 
platforms for upstream and midstream 
processing, potentially in combination 
with continuous chromatography to 
collect and process the product-contain-
ing perfusate, would significantly ease 
operations as well as reduce the manu-
facturing footprint,” she remarks.

Further intensification of the down-
stream at the polishing and buffer 
exchange steps would also reduce foot-
print and processing times when com-
pared with traditional approaches, adds 
Lobedann. For instance, Malmquist 
points out that flow-through polishing 
steps can be seen as process intensifica-
tion compared to bind and elute processes. 

In addition to achieving faster purifi-
cation within each unit operation, there 
are other ways to improve the productiv-
ity of purification processes in terms of 
increased kilogram of protein produced 
per hour from a liter of bioreactor volume 
(kg/H/L), according to Ram. Among 
them he includes increasing the capacity 
of purification tools and reducing the 
number of unit operations or using a 
combination of the various solutions.  

The buffer management (preparation, 
distribution, and hold) area is often over-
looked, and intensifying here with inline 
buffer dilution would also be promis-
ing, observes Lobedann. “This approach 
would greatly reduce the auxiliary foot-
print through the use of smaller storage 
tanks with concentrated buffers that can 
then be diluted at point of use,” he says.

MANY ESTABLISHED 
INTENSIFICATION 
TECHNOLOGIES
Approaches available today for process 
intensification include established tech-
nologies including multi-column chro-
matography, membrane chromatography, 
continuous virus inactivation, single-pass 
tangential-flow filtration (TFF), and 
real-time buffer production.

Switching to a modern, high-capacity 
resin will lead to process intensification 
in itself because doing so enables the use 
of a smaller column, notes Malmquist. 
Even so, multicolumn chromatography is 
a great tool for intensifying downstream 
processing, especially in the mAbs space, 
according to Chilima. These systems can 
be operated sequentially or in simulat-
ed-moving-bed mode. “The latter will 
enable users to increase the utilization 
of the resins, further intensifying their 
operations,” she explains. Continuous 
capture has additional benefits for perfu-
sion processes with a continuous output 
from upstream, Erlandsson adds.

Rapid cycling chromatography with 
fiber membrane units is another approach 
that is attractive in low-demand situa-
tions with infrequent production where 
the production schedule does not allow 
full utilization of the lifetime of a resin, 
according to Malmquist. “This type of 
convectively driven chromatography leads 
to very high volumetric productivities and 
allows really short cycle times (minutes) 
and facilitates true single-use chromatog-
raphy where the lifetime of the adsorber 
(more than 100 cycles) is consumed 
within one single batch,” he observes.

Rapid cycling can also be performed 
with resins packed in low-bed-height-
columns that allow high flowrates with-
out reaching the pressure limit, notes 
Malmquist. “While the diffusional lim-
itations set a cap on how fast you can run, 
20 cycles per day isn’t impossible,” he says.

Alternative chromatography media 
such as membrane adsorbers also 
can greatly reduce the required vol-
ume of adsorbents due to their high 
binding capacities when operated in a 
flow-through mode, which results in 
increased volumetric productivity and 
lower buffer consumption when com-
pared to resins, Kumar comments.

In addition, membrane adsorbers 
when operated in a bind/elute mode 
(e.g., rapid cycling chromatography) 
in the capture step also offer advan-
tages such as higher productivity and 
lower cost of goods for processes with 
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lower annual demand by operating with 
a one-batch-one-membrane approach, 
according to Kumar.

Continuous virus inactivation and 
single-pass TFF (SPTFF), mean-
while, enable hold-free continuous pro-
cessing, according to Ram. “Real-time 
production systems can significantly 
debottleneck facilities and reduce facility 
footprints and capital cost,” he contends. 
SPTFF, adds Lobedann, can reduce the 
cost and operational floor space required 
to perform concentration and buffer 
exchange in between unit operations or 
toward final formulation. “As the SPTFF 
units can lead to smaller units by omit-
ting recirculation pumps and tubing, they 
can be integrated into existing systems 
and hence minimize non-value-added 
activities,” he explains.

In-line conditioning enables on 
demand in-line buffer formulation 
from single-component stock solutions. 
“The technology can either be inte-
grated with a chromatography skid or 
used in an independent buffer pro-
ducing unit, thus significantly reduc-
ing the footprint, as well as labor and 
time, needed for buffer preparation 
and storage,” states Erlandsson. She 
also notes that in-line conditioning 
allows adjustment of the effluent from 
one step to suit the subsequent step 
without the need for a mixing tank for 
both flow-through and bind-and-elute 
steps and is a good fit for multi-prod-
uct facilities. Buffer prep skid technol-
ogy, adds Ram, can dramatically reduce 
suite turnaround times and required 
process footprint.

Finally, Chilima points to more cut-
ting-edge technology developments 
such as fully automated and integrated 
platforms that combine upstream and 
midstream processing. “Systems like 
the Nevoline platform from Univercells 
Technologies are built to enable the 
product to be continuously and auto-
matically produced, clarified, and con-
centrated, thus reducing the processing 
volumes during further downstream pro-
cessing steps,” she explains.

VARIOUS APPROACHES  
TO DEVELOPING  
INTENSIFIED SOLUTIONS
Determining the best downstream 
process intensification strategies can 
be achieved in a number of different 
ways. Nicoud highlights three main 
approaches. The first is a fully experi-
mental approach involving trial and error. 

The second involves the use of 
mathematical relations and statistical 
models to correlate operating param-
eters with responses. This approach, 
Nicoud says, enables the reduction of 
the number of conditions that must 
be tested and is applicable to all types 
of processes, but suffers from a lack of 
predictive capability. 

When mechanistic models are 
employed, the physicochemical phe-
nomena (e.g., acid-base equilibria, dif-
fusion in the pores, interactions with 
the chromatographic medium) are iden-
tified and described by a set of equa-
tions solved numerically. “This approach 
requires a certain level of under-
standing of the underlying separation 
mechanisms, but is extremely power-
ful,” Nicoud observes. “Once the model 
parameters have been determined, the 
model can be used to predict new condi-
tions ‘outside the box’.”

UPSTREAM IMPACTS
It is important, stresses Malmquist, to 
look at the overall process rather than 
upstream vs. downstream intensifica-
tion separately. There are, he notes, links 
between the upstream strategy and the 

need and/or possibilities for down-
stream intensification. Higher titers will 
reduce the loading time for the capture 
step and thus lead to shorter cycles, for 
instance. Whether the upstream pro-
cess is continuous (perfusion-based) or 
batch (batch cell culture or perfusion 
with collection in a hold tank) will also 
have a strong influence on the down-
stream intensification strategy.

In addition to driving the need for 
downstream process intensification, 
high-titer upstream processes often 
are accompanied by higher levels of 
product variants and process impurities, 
which introduces additional challenges 
downstream, according to Ram. The 
nature and content of impurities has 
a dramatic impact on the purification 
process, Nicoud agrees. “It is key that 
upstream and downstream teams work 
hand-in-hand to identify together the 
trade-offs existing between the benefit 
of a high titer and the burden of a high 
impurity content,” she states.

Better design and control of upstream 
processes to reduce the types and 
amounts of impurities entering the 
downstream can lead to more efficient 
downstream processes, Ram comments. 

“Using quality-by-design approaches to 
upstream process development as well 
as process analytical technologies during 
development and manufacturing could 
also enable more consistent product 
quality and aid in the intensification of 
downstream processing,” he adds.

In addition, higher cell-specific pro-
ductivity enables high titer processes 
without the need for high cell density 
cultivation, thus making clarification less 
complicated, according to Kumar. He 
also notes that using improved cell lines 
or early harvest of the supernatant can be 
beneficial for subsequent processing by 
lowering impurity and improving prod-
uct-quality profiles.

Furthermore, Kumar suggests that sta-
ble intermediates, especially harvests, can 
enable connected processing or end-to-
end continuous processing for higher 
resin utilization and overall downstream 
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processing productivity in a smaller foot-
print, possibly lowering utility costs.

Along those lines, Chilima points 
to fixed-bed bioreactors (FBRs) that 
decouple cell culture media f rom 
the cells containing the product as 
enabling upstream and downstream 
process intensification. “These bioreac-
tors can provide the equivalent output 
of 1000-plus-liter stirred tank reac-
tors within vessels with volumes in the 
tens of liters because FBRs are oper-
ated at very high cell densities with 
the cells immobilized within a matrix,” 
she explains. For intracellular prod-
ucts, that reduces the volumes han-
dled during downstream processing, 
and for extracellular/secreted products 
the bioreactor itself behaves as a cell 
retaining system. In both cases, she 
also points out that an FBR behaves as 
a filter, reducing the impurity load on 
the harvest bulk, which may reduce the 
size of clarification filters and reduce 
downstream purification requirements.

A ROLE FOR SINGLE-USE 
TECHNOLOGIES
Single-use technologies (SUT) have a 
role to play in facilitating process inten-
sification in the downstream. By allow-
ing shorter change-over times, they 
deliver an “overall facility intensifica-
tion,” according to Erlandsson. Low-
risk product changeovers and avoidance 
of cleaning activities reduces the patient 
risk for contamination, Lobedann adds. 
Another benefit is flexibility for fast 
scale up or scale out and easy installa-
tion by simple connections, all of which 
are important for realizing process 
intensification. The ability to achieve 
closed processing, while not related to 
process intensification, is crucial for 
ensuring patient safety.

Recently introduced membrane tech-
nology for bind-and-elute rapid cycling 
chromatography is a true single-use 
solution that will, Malmquist believes, 
change the way we look at single-use 
chromatography. New options for chro-
matography that further increase the 

capacity per liter of columns and oper-
ating speeds, such as the next-generation 
technologies being developed by Astrea 
Bioseparations, will also be important 
SUTs for downstream process intensifi-
cation, according to Chilima.

In addition to membrane chroma-
tography, Ram highlights SPTFF as 
being valuable in process intensifica-
tion. Chilima, too, sees TFF systems as 
being a primary example of how SUTs 
enable continuous processing, which 
she says magnifies the benefits of pro-
cess intensification. 

Modularization of single-use man-
ifolds used in the design of each  
specific downstream unit operation also 
offers end users a way to minimize the 
unique SKUs they must manage and a 
pathway toward an easier supply-chain 
transition to enable support of intensi-
fied processes, according to Ram. “Such 
modularization,” he says, “requires 
the adaptability necessary to adjust  
single-use manifolds to variations 
in tubing I.D. scales, processing pres-
sures, or flowrates necessary to sup-
port these processes therefore breaks 
traditionally large manifolds into smaller,  
functional elements that can seamlessly 
connect together using standardized  
single-use subcomponents.”  

As with any technology, however, 
Nicoud stresses that there are pros and 
cons of SUTs that must be assessed 
rationally on a case-by-case basis. As 
a successful example, he highlights the 

EASY process developed by Sanofi 
(1). “This disruptive process works in 
full flowthrough with disposable tech-
nologies and has been shown to be a 
valuable alternative to classical mAb 
downstream processing for small num-
bers of batches,” she explains.

SOFTWARE AND 
AUTOMATION TECHNOLOGIES 
KEY ENABLERS OF 
INTENSIFICATION
Both advanced automation technologies 
and the software that enable them—
as well as data collection and analysis  
systems—are essential to successful pro-
cess intensification. For instance, pro-
cess intensification through continuous 
processing cannot exist without auto-
mation, according to Chilima. To enable 
a fully automated process, she adds, 
adequate sensing technologies, control 
loops, and data management technolo-
gies must be in place.

Integrated unit operations also offer 
benefits for traditional batch pro-
duction, Ram observes. “By reducing 
touch points and manual intervention 
and introducing increased inline and 
at-line monitoring and control, it can 
reduce production risk, increase pro-
cess knowledge, and help improve pro-
cess control,” he comments. PAT and 
integrated data analytics tools, agrees 
Kumar, play an important role in an 
intensified process by measuring and 
predicting critical process parameters 
as well as allowing control/correction 
as required to ensure product quality in 
an individual unit operation.

In addition, PAT and data analyt-
ics tools with a plug-and-play hard-
ware/automation interface are a basic 
requirement for connected/continuous 
processes and set the foundation for 
implementing ‘smart,’ autonomous, data-
driven manufacturing that would involve 
digital twins, review-by exception, and 
real-time release, Kumar remarks.

As a specific example, Malmquist 
highlights the transfer of mechanis-
tic chromatography modeling from an 
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academic exercise to industrial practice, 
which allows simulation of different 
concepts that directly impact down-
stream process intensification efforts. 
Integration of PAT sensors, meanwhile, 
will enable more intensive downstream 
processing by maximizing loading or 
elution pool definition.

Ram cautions that although more 
companies are investing in automation, 
the industry has yet to establish a plat-
form approach or best practices for inte-
grated unit operations. He does expect 
the industry will align on a preferred 
approach to integrated unit operations as 
automation and the use of PAT increases, 
making this a standard practice for bio-
manufacturers and helping reduce one of 
the barriers to continuous adoption.

Outside of direct impacts on processes, 
Kobl emphasizes that software can also 
facilitate communication and collabora-
tion between the many people involved 
in the development of intensified pro-
cesses. “Software tools can be extremely 
valuable to ease communication between 
stakeholders, in particular through the 
structuration of data to ensure the com-
pleteness and reusability of the infor-
mation through various services and 
functions,” he says.

STILL MANY  
HURDLES TO OVERCOME
Achieving process and operational inten-
sification in a general sense will be chal-
lenging. Le Guennec notes that process 
intensification cannot occur unless com-
panies are willing to accept change, and 
in such a risk-averse industry, the reluc-
tance to adopt new technologies and 
methodologies may be a great hindrance 
to implementation of downstream pro-
cess intensification solutions.

For those companies that are inter-
ested, a lack of awareness regarding the 
tools and methods needed to guide man-
agement in the selection and evaluation 
of the right process intensification strat-
egies for both upstream and downstream 
processing is one of the greatest hurdles 
hindering adoption, according to Kumar. 

A lack of standardization of applicable 
technologies is another key issue, Ram 
contends. “Typical processes employ 
technologies and systems from multiple 
vendors, and attempts at intensification 
are designed around stitching together 
otherwise individual batch processes. 
These two factors limit the efficiencies 
that can be gained,” he explains.

In fact, to be really effective, addi-
tional process development effort may 
be needed for continuous chromatog-
raphy and other process intensification 
activities, and in some cases investment 
in new manufacturing equipment might 
be required, which could impact process 
transferability due to facility-fit issues, 
according to Malmquist. 

Some of the technologies employed 
for process intensification, Erlandsson 
adds, also come with an increased com-
plexity, both from a technical/equip-
ment perspective and from a perceived 
regulatory aspect. It is important, there-
fore, to accurately assess the operational 
and business value of technologies used 
for process implementation, according 
to Ram. “While the technology itself 
may be attractive, the implementation 
might not be palatable or adoptable 
from a business standpoint,” Ram states. 

In addition, having a clear view on 
the strategy for automation will greatly 
enhance the ability to streamline 
downstream processes, Ram believes. 
Similarly, standardizing how key pro-
cess indicators and critical processes 
parameters are managed is an important 
step for intensification.  

Kumar recommends that drug man-
ufacturers work with total solution pro-
viders with significant exposure in this 
area and use decision-making tools such 
as cost modeling (return on investment, 
total cost of ownership), conceptual 
design/process modeling, and application 
trials/development. Le Guennec agrees 
that process simulation may be a valuable 
tool for helping companies think “out-
side the box” and evaluate process alter-
natives digitally, thus mitigating the risks 
before actual implementation. 

A VALUED APPROACH TO 
IMPROVING BIOPROCESSING
Despite the challenges, there is growing 
recognition that process intensification 
offers a means for improving productivity 
and efficiency across both upstream and 
downstream operations. “Process inten-
sification is by essence the willingness to 
improve existing processes. Due to a con-
stant pressure to develop cheaper, safer, 
and greener processes, intensifying pro-
cesses will always remain of major impor-
tance for the industry,” Kobl insists.

Lobedann notes that if process inten-
sification is defined as a holistic frame-
work to increase overall productivity of 
unit operations, the manufacturing pro-
cess, or the facility output for bioman-
ufacturing, then according to BioPlan 
Associates’ 17th Annual Report and Survey 
of Biopharmaceutical Manufacturing and 
Production (2), approximately 56% of the 
biopharma industry is already actively 
or informally evaluating unit opera-
tion-based process intensification with 
approximately 18% considering possible 
use of connected/continuous bioprocess-
ing technologies in downstream process-
ing. “This percentage will grow further 
once molecules manufactured through 
successful implementation of process 
intensification in the downstream have 
received regulatory approval and reached 
the market,” Lobedann avers.

Ultimately, Ram believes that process 
intensification, integration, and automa-
tion are all efforts to improve biomanu-
facturing efficiency that will become the 
norm, especially with established biotech 
players and, to some extent, with contract 
development and manufacturing orga-
nizations. “Many companies—biotechs, 
technology suppliers, software and auto-
mation vendors—are working hard on 
making this a reality,” he concludes.
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Nucleic Acid-based Therapeutics 
Are Stepping into the Spotlight

The recent success of mRNA vaccines has opened the door for 
further and future development of nucleic acid-based therapies.

FELIZA MIRASOL

N ucleic acid-based therapeutics have been stepping up 
into the spotlight following the deployment of mes-
senger RNA (mRNA) COVID-19 vaccines in 2021 

and the rise in clinical development programs for gene ther-
apies. These areas of development may just be the surface of 
the types of therapeutic applications where nucleic acid-based 
therapeutics can come into play. Tackling the development 
challenges of these therapeutics can potentially benefit more 
expansive areas of unmet medical need, particularly in diffi-
cult-to-treat patient populations.

CURRENT FAILURES IN BIOTHERAPIES
Current immune therapies in development may often fail or 
not work for everyone. The result of these failures, in part, is 
what may be driving the R&D engine for alternative modali-
ties, including nucleic acid-based therapeutics.

“We do not yet fully understand why current immune 
therapies are highly efficacious in some patients while other 
patients fail to respond, but research scientists are explor-
ing several hypotheses. With cancer immunotherapies, it is 
important to remember that tumors are highly heteroge-

neous, in respect to the expression of tumor antigens and 
their effects on the immune system that enable tumor cells 
to escape immune surveillance,” explains John Lewis, CEO 
of Entos Pharmaceuticals. 

Lewis points out that some cancers may not respond to 
current immuno-oncology (IO) drugs because these cancers 
do not express the target protein, or because they suppress 
immune surveillance and inhibit T-cell responses. Mutational 
burden, which is the number of mutations present in a cancer 
cell, may also play a role in response to IO therapies, especially 
checkpoint inhibitors, he adds. 

“Checkpoint pathways evolved to regulate the T-cell 
response to cancer cells. Some tumors suppress T-cell response, 
so checkpoint inhibitors can overcome this suppression. While 
this allows normal T-cell anti-tumor activity to develop, this 
activity appears more effective in cells with a higher muta-
tional burden,” says Lewis. 

Another reason for failure is that current immune ther-
apies often have safety issues or lack efficacy, or a combi-
nation of both, points out Gerrit Dispersyn, CEO, Phio 
Pharmaceuticals. Regardless of background, he explains, there 
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is a need for more refined therapies to 
reprogram immune cells and tumor 
cells. Therefore, there is a need to tar-
get the internal cell machinery that can 
be achieved with oligonucleotide (i.e., 
nucleic acid)-based therapeutics. 

Currently available commercial IO 
products mainly fall into two categories: 
immune checkpoint antibodies and chi-
meric antigen receptor T cell (CAR-T) 
therapy, Dispersyn notes. He explains 
that immune checkpoint antibodies 
“remove the brakes” of all T cells, includ-
ing the auto-reactive ones, which leads 
to dose-limiting toxicity. Meanwhile, 
CAR-T therapies have limited access to 
solid tumors. Thus, the use of oligonu-
cleotides has the potential to improve 
efficacy against solid tumors.

“Of the different platform technolo-
gies, it is becoming more and more clear 
that the shortcomings of the currently 
used platforms—whether it’s antibodies, 
cell-based therapeutics, or gene ther-
apy—are being realized. Therefore, new 
approaches to fine tuning or helping 
overcome these challenges is partially 
explaining the turn to RNA-based ther-
apeutics,” says Dispersyn.

“Triggering immune responses to 
fight disease is incredibly challenging, 
and we do not fully understand the 
complexities behind it,” adds Matthew 
Scholz, CEO of Oisin Biotechnologies, 
a US-based late preclinical stage com-
pany specializing in therapeutics for 
age-related diseases, and OncoSenX, a 
US-based late-stage pre-clinical cancer 
company. Scholz notes that there is 
significant variability in the popula-
tion as well as heterogeneity within 
tumors. A therapeutic that targets a 
surface protein or requires functional 
T-cell infiltration can therefore be 
rendered ineffective in many patients. 
Targeting disease at the cellular level 
using RNA and DNA to “code” for a 
desired response is a more specific and 
nuanced approach, he asserts. 

“With nucleic acid-based technol-
ogies, only the code for proteins is 
delivered. With DNA as a payload, tis-

sue-specific expression of the cargo can 
be achieved through rational promoter 
selection as well,” says Scholz. “Think 
of it as a software approach to mobiliz-
ing the immune system: nucleic acids 
provide the program and the immune 
system interprets the program and 
responds accordingly. The caveat of 
this approach is the nucleic acids must 
be delivered to the right cells in the 
body for the program to run effectively, 
in this case T cells for immune mod-
ulation and tumor cells themselves to 
eliminate tumors.” 

For oncology indications, some 
immunotherapies are powerful at acti-
vating immune responses to attack 
and destroy tumor cells, specifies Jake 
Becraft, PhD, co-founder and CEO 
of Strand Therapeutics, an emerging 
biopharmaceutical company. However, 
one of the major shortcomings of 
these therapeutic agents is unexpected, 
off-target effects that can cause serious 
adverse reactions and life-threatening 
toxicities, he adds. The major advan-
tage of nucleic acid-based therapeutics 
lies in the fact that they can be used 
to accurately target a tumor or tissue, 
then have a specific therapeutic protein, 
biologic, or immune engager expressed 
only at the site of interest. “This local-
ization dramatically decreases the risks 
of off-target effects and improves safety 
and efficacy,” Becraft states.

While nucleic acid-based ther-
apies may not overcome all their 
challenges, they enable more precise 
cellular targeting and extended activity 
than small-molecule or protein-based 
therapies, adds Lewis. According to 
Lewis, preclinical studies demonstrate 
that therapeutic gene expression can 
be targeted to specific tissue types 
with tissue-specific promoters, which 
can potentially improve efficacy while 
reducing side effects that result from 
off-target activity. Furthermore, can-
cer cells have high turnover rates, and 
DNA-based therapies provide a longer 
duration of activity than protein and 
small-molecule therapies, Lewis adds. 

NUCLEIC ACID FOCUS
Much of the focus today is on RNA and 
RNA-related technology for developing 
“next-generation” biotherapeutics. The 
benefits of RNA technology, accord-
ing to Dispersyn, is that it does not 
require modification of the genome. For 
instance, Phio is using an RNA inter-
ference (RNAi) approach to developing 
therapeutics because RNAi is transient 
and not permanent. In comparison, 
gene-editing approaches may result in 
permanent issues or toxicity. 

“In cases where permanent modifica-
tion is not required, we have the option 
to use RNA-based therapeutics. This is  
because DNA is not directly linked to 
proteins. RNA is a required intermedi-
ary step between genetic material and 
the protein. It is the proteins that make 
a disease present or absent. Since every 
translation of the genome goes to RNA, 
theoretically, almost everything can be 
solved using RNA therapies. This may 
be a more helpful solution than edit-
ing DNA, which is permanent and the 
long-term effects of which are largely 
unknown at this time,” Dispersyn says.

With much of the focus on RNA-
based approaches for developing nucleic 
acid-based therapeutics, where does 
DNA fit in?

Scholz states that, while DNA is 
harder to deliver than RNA, DNA does 
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offer many advantages over RNA, such 
as durability of expression, reduced 
manufacturing costs, increased stabil-
ity, and contextual control of expression. 

“DNA-based vaccines are in clinical tri-
als now, and Oisin Biotechnologies has 
a pipeline of candidates targeting indi-
cations including chronic kidney dis-
ease, metabolic diseases, and sarcopenia, 
to name a few,” says Scholz. “As these 
technologies are currently being evalu-
ated in human clinical trials, we expect 
it will not be long before pharmaceutical 
companies broadly adopt this technol-
ogy to deliver DNA payload.”

Scholz explains that the key to 
delivering DNA is to have a non-toxic 
delivery system that can easily get into 
cells without causing damage. “These 
technologies are in humans now, and 
we expect it won’t be long before more 
pharmaceutical companies adapt this 
technology to deliver DNA payloads,” 
he states. DNA payloads permit an 
additional layer of selective expression, 
thus paving the way for encoded ther-
apeutics that not only target and kill 
tumor cells while sparing healthy cells, 
but also deliver key immune modulators 
to healthy cells, including immune cells, 
which can enable multi-pronged thera-
peutic approaches, he adds.

Becraft also notes that there are a 
number of DNA-based approaches cur-
rently in development, including T-cell 
therapies, genome editing and writing, 
and clustered regularly interspaced short 
palindromic repeats (CRISPR). Becraft 
adds that viral-based gene therapies that 
use adeno-associated virus (AAV) for 
diseases such as muscular dystrophy use 
a DNA-based payload. “While DNA 
and RNA-based therapeutics have 
similarities, the main difference is that 
DNA needs to be delivered further into 
the nucleus. This presents a lot of chal-
lenges to overcome due to the strength 
and defense of the nuclear membrane,” 
says Becraft.

DNA offers a variety of benefits 
compared with RNA, remarks Lewis. 

Benefits from using DNA include more 
durable expression, the ability to design 
a single DNA therapy that expresses 
multiple therapeutic molecules, and less 
complex supply chain management. “To 
date, a challenge in realizing the full 
potential of DNA-based therapies has 
been developing safe and highly effec-
tive delivery systems,” says Lewis. 

Lipid-based systems, for example, 
are associated with liver toxicity while 
viral delivery systems trigger immune 
responses (which can result in serious 
adverse events) that limit repeat dosing, 
Lewis explains. He further adds that, 
while the DNA-based gene therapies 
approved to date have shown promising 
long-term data, it remains to be seen if a 
single-dose provides life-long therapy or 
if repeat dosing will be needed following 
longer periods of time. 

“Given the enormous potential 
of DNA-based therapies, there are 
many academic and industry efforts to 
develop new delivery strategies, either 
through innovation of novel delivery 
systems or improved approaches to mit-
igating the safety and efficacy limita-
tions of current approaches,” says Lewis.

Larry Pitcher, senior director and 
general manager, microbial manufactur-
ing services, Thermo Fisher Scientific 
also emphasizes the fact that plasmid 
DNA (pDNA)-based vaccines have 
been around since the dawn of recom-
binant DNA technology. He also notes 
that pDNA is increasingly being used 
as a raw material or therapeutic agent 
in gene therapies and certain vaccines, 
and that its use is driven by the growth 
and transformational benefits of cell and 
gene therapies as well as the expanded 
application of mRNA. 

“Its [pDNA’s] advantages, including 
weak immunogenicity, increased safety, 
and ease of manufacture, have dramat-
ically increased demand for materials 
and manufacturing capacity globally. 
Investments in state-of-the-art manu-
facturing ensure [that clients] have reli-
able access to the high-quality materials 

and capabilities that have become vital 
for the production of these new lifesav-
ing medicines and the patients in need,” 
says Pitcher. 

DEVELOPMENT CHALLENGES
Among the key challenges for devel-
opers of nucleic acid-based therapeu-
tics will be the need to scale up to 
meet current demand and to evolve 
as market needs change, highlights 
Serena Fries Smith, director of Market 
Development & Strategy, mRNA 
Vaccines and Therapeutics, Thermo 
Fisher Scientific. Smith explains that, 
to meet current demand and evolve 
with the market, developers need a 
reliable supply of high-quality, good 
manufacturing practice (GMP)-grade 
raw materials. 

Without reliable materials supply, 
developers can encounter manufacturing 
disruptions, including deviations, that 
can result in costly delays.  

“Another challenge is the need for 
in-region manufacturing capacity 
and distribution to improve global 
access, including for people in lower 
income regions. To help address barri-
ers such as lack of a cold supply chain, 
we are seeing smaller facilities pop-
ping up globally,” Smith says. “Stability 
and shelf-life are also challenges, but 
researchers have learned to alter chem-
ical features of the mRNA transcript 
to improve the stability. In addition, 
improvements in delivery can protect 
mRNA against degradation.”

Historical and current challenges 
to nucleic acid-based therapy devel-
opment inc lude the production 
process itself, in terms of scalability, 
standardized quality metrics, and deliv-
ery, emphasizes Jordana Henderson, 
associate  director  of  Research 
and  De ve lopment  a t  Tr iL ink 
Biotechnologies (part of Maravai 
LifeSciences), a contract development 
and manufacturing organization spe-
cializing in the synthesis of nucleic 
acids, nucleoside triphosphates, and 
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mRNA capping analogs. Henderson 
notes, however, that mRNA produc-
tion scale-up, specifically, is quickly 
being overcome through optimized 
in-vitro transcription reactions fol-
lowed by simplified purification pro-
cesses. Optimal on-target delivery and 
standardization of drug substance ana-
lytical procedures, however, are still a 
work in progress, she adds. 

“To make a functional message, it is 
critical that the synthetic mRNA con-
tains all the structural elements of a 
mature post-transcriptionally modi-
fied mRNA found in eukaryotes. This 
includes a 5’ cap structure (Cap 1 or 2), 
5’ untranslated region (UTR), coding 
sequence, 3’ UTR, and poly-adenosine 
tail,” Henderson explains. She also spec-
ifies that generating the appropriate 5’ 
Cap 1 structure in vitro once required 
additional enzymes and purification 
steps in the manufacturing process. Now, 
however, using co-transcriptional cap 
analogues (e.g., CleanCap, TriLink) can 
initiate the formation of a Cap 1 struc-
ture in a one-pot reaction via the RNA 
polymerase that is used to transcribe the 
message of interest, she further elucidates. 

“Such improvement to the IVT 
[in-vitro transcription] reaction has 
enabled streamlined and scaleable 
purification processes for quick manu-
facturing of high-quality mRNA prod-
ucts. Ongoing and future work on the 
mRNA platform is focused on devel-
oping safe modifications to the nucleic 
acid that increase the molecules stabil-
ity and translatability,” says Henderson. 

Henderson also points out that sev-
eral groups, including academic and 
industry alike, are actively working 
on lipid nanoparticle delivery system 
improvements, while regulatory lead-
ers, including the US Pharmacopeial 
Convention and FDA, are looking to 
standardize mRNA drug substance 
specifications. “Altogether, these 
efforts will contribute to much needed 
advances in medical treatment options,” 
Henderson states.

Becraft points to the specificity of 
therapeutic protein expression as 
another major challenge in develop-
ing nucleic-acid agents. By using syn-
thetic biology, however, the industry 
can address this roadblock and improve 
safety and efficacy. “Synthetic biology 
coupled with mRNA guarantees that 
the molecule will be encoded with the 
correct genetic information. We can 
also engineer the mRNA to be con-
text-dependent so the protein will only 
be expressed inside of certain cell types. 
This logic-based genetic programming 
allows us to have precise control of the 
location, timing, and level of protein 
expression,” Becraft states.

Lewis also hones in on the limita-
tions in tolerability and immunogenicity, 
as well as scalability, of current deliv-
ery methods, as being among the major 
challenges to nucleic acid-based therapy 
development. “Lipid-based systems are 
associated with liver toxicities and viral-
based systems lead to immune responses 
that can both limit initial transduction 
efficiency and prevent redosing. Entos 
was established to address these limita-
tions and broadly enable the next gen-
eration of nucleic medicines,” he states.

“We are in the process of publish-
ing preclinical data demonstrating the 
significant potential of our Fusogenix 
proteolipid vehicle (PLV) platform in 
diverse indications. These data show 
that this novel delivery system leads to 
broad distribution across tissue types 
and organ systems with minimal toxicity. 
Gene expression can be targeted using 
tissue-specific promoters, and delivery 
of DNA with the Fusogenix PLV plat-
form [e.g., Entos’ DNA vaccine candi-
date] leads to sustained gene expression 
out to one-year post-dosing,” Lewis says. 

The data from Entos’ as-yet-unpub-
lished preclinical studies also demon-
strate that the Fusogenix PLV platform 
can effectively deliver RNA as well. 

“Importantly, these studies also show 
that the low levels of immunogenicity 
and high levels of activity are main-

tained after extended periods of repeat 
dosing,” says Lewis. “Additional studies 
demonstrate the feasibility of using the 
Fusogenix platform to enable DNA 
vaccines against SARS-CoV-2.”

Entos’ DNA vaccine candidate 
includes the full-length viral spike 
protein, which may provide enhanced 
and broad immune responses com-
pared with protein vaccines that use 
spike protein fragments, Lewis adds. 
DNA vaccines can also encode genetic 
adjuvants that can enhance neutral-
izing anti-SARS-CoV-2 antibody 
responses in mice and non-human 
primates. “Data demonstrates that our 
Fusogenix PLV DNA vaccine candidate 
protected against SARS-CoV-2 infec-
tion in an animal model. We are cur-
rently conducting a Phase II trial of our 
SARS-CoV-2 DNA vaccine candidate,” 
Lewis states.

Historically, the delivery of oligonu-
cleotides into the cell has been an issue 
for RNA therapeutics, says Dispersyn. 
Companies have taken different 
approaches to address this issue, such 
as the use of lipid nanoparticles as the 
delivery vehicle leading to liver accu-
mulation because of its role in first-pass 
metabolism. “As a consequence the cur-
rent RNAi approaches most companies 
utilize are liver specific, even though 
RNAi can work equally well in non-
liver targets if you can deliver the RNA 
molecules there. Phio’s solution to this 
non-liver delivery challenge was to 
develop a RNAi platform with struc-
tural and chemical modifications that 
allowes for spontaneous uptake to cells 
without the need for a delivery vehicle,” 
Dispersyn explains. 

Oisin’s PLV delivery technology, 
meanwhile, has enabled the company 
to develop systemic DNA therapeutics. 
“Once the first generation of nucleic acid 
therapeutics have been developed for 
obvious disease targets, second-gener-
ation therapeutics will need to focus 
on delivering optimized DNA/RNA 
‘software’ sequences for more complex 
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diseases,” says Scholz. “Next-generation 
sequencing and analysis for new unique 
targets, along with software-based syn-
thetic promoter design, will help us 
explore different programming tech-
niques for specific disease burdens 
in the future.”  

POSITION IN 
IMMUNO-ONCOLOGY
Of the nucleic acid-based approaches 
to biotherapeutic development, RNAi 
has been especially pegged for its 
potential role in IO therapies. For 
instance, RNAi can be introduced 
into T cells. Fundamentally, T cells 
are like any other cell in that they 
can be programmed by nucleic acid 
therapies, points out Scholz. Often 
in cancer, T cells are overwhelmed by 
tumor cells, and because of a built-in 
fail-safe mechanism, T cells can shut 
down when overwhelmed, that is, they 
can go into T cell exhaustion. T cell 
exhaustion can be counteracted with 
the help of RNAi, however. “In essence, 
with careful selection of the nucleic 
acid payload, delivery of RNAi to T 
cells could be used to combat T cell 
exhaustion by breaking the inhibitory 
circuit f rom the inside, releasing T 
cells to seek out and fight both the 
primary tumor and metastases alike,” 
Scholz emphasizes. 

Scholz cautions, however, that RNAi 
technology has been limited in its 
ability to target and kill tumor cells 
directly simply because RNAi tech-
nology cannot distinguish a healthy 
cell from a tumor cell. “Our preclinical 
studies clearly demonstrate that a plas-
mid DNA-based suicide gene approach 
can distinguish tumor cells and effec-
tively eliminate them. Using RNA and 
DNA in tumors has enormous poten-
tial. If you can deliver a precise payload 
to these tumors that target only that 
tumor’s microenvironment you could, 
in theory, come up with many different 
ways to attack cancer at the cellular 
level. This, in essence, could get to the 
root cause of cancer. Being able to tar-

get specific cancer traits systemically 
may also help to tackle metastatic can-
cers,” Scholz explains.

Conventional RNAi technology has 
limitations that prevent effective appli-
cation in immuno-oncology, including 
challenges with delivery and stability, 
however, notes Dispersyn. Phio’s plat-
form allows RNAi to be used for 
increasing the tumor cell killing activity 
of immune cells, as well as for increas-
ing the vulnerability of tumor cells 
toward such cell killing. For example, 
Phio’s focus in adoptive cell therapy 
includes using its technology to reduce 
the therapeutic immune cell’s expres-
sion of immunosuppressive proteins, 
which can allow these immune cells to 
overcome tumor resistance mechanisms 
and improve their ability to destroy 
tumor cells. 

“Similarly, we can reprogram cells 
used in adoptive cell therapy, such as 
CAR T-cells, to increase their actvity 
towards solid tumors. After expand-
ing these immune cells ex vivo, and 
enhancing them with our RNAi com-
pounds, the cells are returned to the 
patient for treatment,” Dispersyn says.

“RNAi could improve the efficacy 
and safety of current T-cell directed IO 
therapies by inhibiting the expression 
of cancer-related proteins rather than 
inhibiting active proteins contribut-
ing to disease pathology,” adds Lewis. 
Moreover, tissue-specific promoters 
may provide more precise control of 
this inhibitory activity to target cells 
and reduce off-target side effects. “As 
an example, some checkpoint inhib-
itors block CTLA-4 [checkpoints 
T-lymphocyte-associated protein 4] 
activity on T cells to overcome T-cell 
suppression and stimulate a T-cell 
response against the tumor. RNAi 
designed to inhibit CTLA-4 expres-
sion can achieve the same objective 
but be more effective because it pre-
vents the CTLA-4 signaling pathway 
from turning on rather than inhibiting 
signaling once the pathway is active,” 
Lewis explains.

The value of mRNA therapeutics 
in immuno-oncology, meanwhile, lays 
in mRNA’s ability to express therapeu-
tic proteins directly from inside the 
tumor, initiating the immune response 
that destroys cancer cells, adds Becraft. 
This approach enables the encoding of 
any specific protein sequence that can 
then be delivered to the tumor itself. In 
this case, the tumor begins to directly 
secrete its own anti-tumor IO therapy, 
and it is this localized expression that 
ensures the immune system can recog-
nize and attack the tumor cells. What’s 
more, this immune response can com-
mence without the off-target effects 
that plague current immunotherapies 
that must circulate in the blood stream 
before reaching the tumor microenvi-
ronment, notes Becraft.

“This same philosophy can also 
be adapted to CAR T-cell therapy, 
where synthetic protein receptors are 
expressed and embedded on the sur-
face of a patient’s T cells that then can 
recognize and kill off certain types of 
cancer cells. However, to accomplish 
this, current CAR-T therapies use a 
production method where the cells 
are extracted from the patient’s body, 
genetically engineered, then trans-
planted back into the patient. This 
approach is difficult to scale and con-
trol due to infrastructure and reproduc-
ibility challenges,” Becraft states. “At 
Strand, we believe we can bypass this 
issue using our self-amplifying mRNA 
therapeutics to deliver the instructions 
directly into the patient so that the T 
cells can make these protein receptors 
and become armed with the tools to 
recognize and kill the cancer cells.”

Though the use of nucleic acids in 
biotherapeutic development has long 
been studied in research, the practical 
use of such therapeutics is still in its 
infancy at the industry level. However, 
progress toward commercialization is 
expected to move forward in light of 
growing interest, investment, and suc-
cess thus far of early entrants, such as 
mRNA vaccines. ◆
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Large-Scale Single-Use Bioreactors 
Can Maximize Long-Term Scale Up

The growing demand for antibody and other 
bio-therapeutics will require long-term scale-up solutions.

FELIZA MIRASOL

S  cale-up solutions are needed to create cost-effective 
capacity to meet increasing demand for antibody and 
other bio-therapies. In one approach to enable scale 

up, companies such as ABEC and Thermo Fisher Scientific 
have launched the biggest volume single-use bioreactors 
on the market to date. In recent years, ABEC introduced 
its 4000-L and 6000-L single-use bioreactors, and Thermo 
Fisher introduced its 5000-L single-use bioreactor.

RESPONSE TO MARKET NEED
In gauging the market’s need for scale-up solutions, ABEC rec-
ognized several unmet market needs for single-use clinical and 
commercial manufacturing, including the need for larger-scale 
production to allow for lower cost of goods; performance at 
large-scale that is comparable to what stainless-steel systems 
allow for maximum yield and productivity; and customizabil-
ity to allow for more seamless process transfer and scale up as 
well as the ability to accommodate critical operational needs 
and address facility integration constraints, says Brady Cole, 
vice-president Equipment Solutions, ABEC. ABEC was the 

first company to commercially launch large-scale single-use bio-
reactors at a scale larger than 2000 L (the industry norm).

In addition, the market has need for a multi-source, open-ar-
chitecture structure that can supply control systems, instruments, 
and components, which would allow for greater supply-chain 
flexibility and assurance, Cole states.

Mark T. Smith, PhD, senior manager, R&D Single-Use 
Technologies, Thermo Fisher Scientific, adds that the advantages 
of large-volume, single-use bioreactors became clear about 15 
years ago “when single-use systems were highly valued in the 
process development, pilot, and clinical manufacturing space, pri-
marily for their flexibility and speed of changeover.” The demand 
for preclinical and clinical-phase production continues to grow 
substantially making the easy and relatively low-cost, low-risk 
installation of smaller single-use system (SUS) facilities attractive. 

“Initially, the maximum volume considered for single-use bio-
reactors was 1000 L, as industry experts indicated that would be 
the maximum reasonable size prior to shifting to ‘more economical’ 
large, stainless-steel bioreactors (e.g., 6000 L–25,000 L). Today, 
we know that 2000 L single-use bioreactors became desired by 
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the industry, in large part to help sus-
tain capacity into further or more clinical 
phases and to mitigate risk around large 
new facility buildouts,” Smith states.

Smith also acknowledges that the tar-
get patient populations for biologics are 
getting smaller, and, therefore, the likeli-
hood of blockbuster drugs requiring tens 
of thousands of liters in dedicated reac-
tor volume is extremely low. “Estimates 
from more than a decade ago projected 
median annual capacity demand for any 
given antibody product as approximately 
200 kg/yr with a heavily weighted bias 
towards lower capacity demand (1). Today, 
with all the emerging target indications 
and emerging modalities, experts estimate 
that this median production demand is 
closer to 80 kg/yr for antibody or anti-
body equivalent production,” Smith says. 

The combination of smaller patient 
populations, lower anticipated median 
demand capacity, and the need for speed, 
flexibility, and multi-product facilities thus 
support the case for single-use technolo-
gies. Smith points out that 2000 L is not 
the most economical choice for long-term 
production. “Evaluations of flexible facil-
ities suggest that a larger volume, such 
as 5000 L, balances the flexibility of sin-
gle-use with the economies of scale that, 
typically, larger-scale stainless facilities 
would provide,” Smith states.

Besides antibody therapeutics, other 
newer biologic modalities will also require 
large-volume scale up in the near future. 
Cole notes that ABEC has already imple-
mented systems for vaccines as well as 
non-antibody recombinant proteins.

While antibodies still make up a 
large fraction of the biologics pipe-
line, recombinantly expressed proteins 
may also fit into this paradigm, Smith 
notes. The number of these recombi-
nant proteins are increasing in the clin-
ical pipeline. In addition, production of 
viral vectors for gene and cell therapies 
also could make sense at large scale 
(e.g., 5000 L), if the associated process 
technologies are provided, such as more 
scalable and consistent solutions for 
transfection reagents and complexation 
process, overall transfection efficiency, 

harvest clarification, and chromatogra-
phy, among other technologies, according 
to Smith.

“Additionally, allogeneic cell expansion 
is likely going to need a more tenable 
solution for scale, especially for indica-
tions with large patient populations. This 
need for larger scales has yet to be demon-
strated and demand is currently limited 
because of the small number of products 
approved and requiring such volumes,” 
Smith adds.

KEY SUCCESS
Now that large-scale single-use bioreac-
tors beyond the 2000-L mark have been 
on the market, what have been some key 
successes in their performance so far? In 
ABEC’s case, the company has dozens 
of systems in the field that have been 
operating for multiple years. According 
to Cole, these systems “have successfully 
proven the benefits of our large-scale 
approach, with respect to cost of goods, 
process performance, customizability, and 
open architecture.” 

“For example, we are demonstrating the 
ability to achieve the mass transfer perfor-
mance needed for the latest high-density 
cell-culture processes,” Cole states.

Smith says that ensuring quality and 
robustness is paramount. “Performance 
and scale are also core to their success. 
Large-scale, single-use bioreactors pro-
vide economies of scale at a time when 
labor is tight and production capacity 
is critical, primarily due to pandemic 
response and increasing investment in 
biotech,” Smith explains.

FINE-TUNING THE SYSTEM
Furthermore, scale-up challenges have 
helped to fine tune the design/technology 
of these large-scale single-use bioreactors. 
Thermo Fisher’s development of its new 
single-use bioreactors product line, for 
instance, was built on more than 15 years 
of experience in single-use bioreactors and 
other single-use systems. This experience, 
combined with extensive customer feed-
back, helped fine-tune the design of the 
company’s large-scale bioreactors prior to 
its release. 

Some other challenges addressed along 
the way were related to packaging and 
installation. Providing simple and robust 
packaging for shipment, sterilization, bio-
processing container (BPC) loading, and 
BPC disposal for customers was a priority, 
says Smith. 

Another challenge has been reactor 
installation. “Very large, monolith biore-
actors can require walls to be removed or 
door openings to be expanded for install, 
but single-use facilities are meant for 
flexibility and change,” he says. Thermo 
Fisher’s system is therefore modular; it 
can be disassembled into three parts that 
fit through typical double-doorways and 
hallways. “This modular design enables 
easier, lower risk reactor install that 
equates to lower overall facility downtime,” 
says Smith.

Cole notes that ABEC hasn’t seen any 
fundamental challenges to the design/
technology of large-scale, single-use 
bioreactors, but the company has imple-
mented continuous improvements, such 
as an updated disposable container instal-
lation hoist. “We have also implemented 
customer-specific changes to accommo-
date specific process or operational needs,” 
says Cole.

Moving forward, the types of bio-
logic products that are expected to be the 
core business for large-scale bioreactors 
include monoclonal antibody (mAbs) 
products. “We view mAbs as being a pri-
mary driver for these bioreactors,” says 
Cole. He notes that cell-culture based 
vaccines and gene therapy applications are 
also seeing growth.

Smith anticipates that the most pro-
lific products produced in large-volume 
reactors will be recombinant expression 
of all types, primarily mAbs. “However, 
with a myriad of emerging modalities 
and growing interest in new expression 
hosts, there are likely new options that 
could emerge and drive demand for 
flexible, high-performing, and robust 
large-volume single-use bioreactors,” 
he states.

REFERENCE
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What’s New in  
Downstream Processing?

The past year of downstream processing has brought innovations in pH 
sensitive antibody purification, single-use fermentation separators, and more.

GRANT PLAYTER

T he biopharmaceutical industry advanced various inno-
vative downstream technologies throughout 2021. 
Whether they are novel proteins designed for use in 

low pH ranges or single-use fermentation separation tools, 
looking at new products can help one not only understand 
the current state of the biopharmaceutical industry, but also 
glean insight into the industry’s future direction.

pH SENSITIVE PURIFICATION
Repligen partnered with Navigo Proteins, a scaffold protein 
engineering and custom affinity resin development company, 
to create the novel protein A ligand, NGL-Impact A Hi pH, 
in September 2021. According to the company, this is the 
first protein designed for use in antibody aggregation in low 
pH elution buffers, which can resolve challenges associated 
with Fc-fusion proteins.

Protein A affinity ligands are used in chromatography 
media to enable affinity purification of monoclonal antibody  
(mAb)-based drugs. According to Repligen, while this  
protein was specifically developed for low pH elution buffers, 
because it has demonstrated high performance across all 

antibodies and has a broad pH operating range, it can also be  
considered a “platform.”

According to Ralf Kuriyel, Repligen senior vice-pres-
ident, R&D, the new ligand addresses one of the major 
pain points in antibody drug purification—the formation 
of aggregates during Protein A elution. In customer evalu-
ations, it demonstrated two-fold lower levels of aggregate 
formation while maintaining high dynamic binding capacity 
and caustic stability (1).

SINGLE-USE CELL CULTURES SEPARATOR
GEA, a German systems and components supplier, 
announced its kytero single-use separator, intended for use 
in fermentation solutions and cell cultures, in March 2021. 
It is equipped with GEA Westfalia Separator disk stack 
technology, which is designed for maximum yield, high sepa-
ration efficiency, and gentle product handling.

The kytero is designed to combine the high performance 
of larger GEA stainless-steel pharmaceutical centrifuges with 
the benefits offered by disposable components that do not 
require cleaning. The technology relies on centrifugal separa-
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tion, rather than filter-based harvesting, 
for increased clarification efficiency (2).

SINGLE-STAGE RECOMBINANT 
PROTEIN PURIFICATION
3M Health Care’s 3M Harvest RC 
clarifier, announced in June 2021, uses 
a proprietary fibrous chromatogra-
phy media to condense three process 
steps into a single-stage purification of 
recombinant protein therapeutics. The 
company has noted that, because the 
clarifier introduces chromatographic 
separation to remove soluble impuri-
ties earlier in the process, it ultimately 
results in cleaner effluent. 

3M Health Care has stated that the 
clarifier provides mAb recovery of more 
than 95% and can be used with cultures 
with different cell densities, high-packed 
cell volumes, and cell culture character-
istics. The quaternary ammonium func-
tionalized polypropylene fiber and 0.2 

µm polyethersulfone membrane provides 
scalable clarification (3).

RECOMBINANT-BASED 
AFFINITY COLUMN
In April 2021, Tosoh Bioscience intro-
duced the TSKgel FcR-IIIA-5PW 
high-performance liquid chromotagra-
phy (HPLC) column in its Fc gamma 
receptor (FcRy) affinity chromatography 
portfolio for antibody drug analysis. The 
product is a semi-preparative affinity col-
umn based on a recombinant FcyRIIIA 
receptor ligand bonded to porous 10 µm 
polymethacrylate particles. The new col-
umn has the ability to be loaded with up 
to 5 mg of mAbs.

Along with the FcR-IIIA-NPR, the 
TSKgel FcR-IIIA-5PW separates anti-
bodies into three fractions according to 
the affinity of their Fc region for a par-
ticular Fc receptor (i.e., FcyIIIa), corre-
sponding with different mAb glycoforms 

and their antibody-dependent cellular 
cytotoxicity activity. The new column 
represents a tool that links the FcyIIIa 
receptor affinity with mAb function 
and structure. Characterizing each frac-
tion with orthogonal methods connects 
FcyIIIa receptor affinity to structural 
causes and functional effects (4).
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Press Release, March 24, 2021.

3. 3M Health Care, “New 3M Harvest 
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processes,” Press Release, June 1, 2021.
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of Antibodies with Different FcR 
Affinities for Characterization,” 
Press Release, April 19, 2021. ◆
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The Ongoing Transformation  
of Process Controls

As process controls adjust to a continuously shifting manufacturing 
landscape, implementation of information gathered from 

novel data analysis techniques has become a priority.
GRANT PLAYTER

W hile discussing the state of process controls, 
industry professionals have an overarching  
message: the pronounced, ever-increasing impor-

tance of data. While data have always been instrumental in 
the development process, transformative new advances in 
what data can be used for are further increasing its promi-
nence within manufacturing.

WHAT’S THE DEAL WITH DATA?
According to Doan Chau, global industry technical consultant, 
Rockwell Automation, while goals such as improving overall 
equipment effectiveness and batch yield optimization are not 
new, what can be done with the information gained is chang-
ing. For instance, key performance indicators can now be easily 
visualized and analyzed in real-time, granting expedient access to 
critical information for decision makers directing their companies.

“The latest innovations in process control technology have 
stemmed from better utilizing the large amounts of data 
that’s generated on the shop floor and using information 
technology tools that were not typically seen on the shop 

floor,” says Chau. “This effectively gives production teams, 
in real time, a better understanding of the current and future 
state of the process of equipment.”

Chau also notes how Industrial Internet of Things platforms 
can be used to leverage from other systems (e.g., manufacturing 
execution systems, computerized maintenance management 
systems, laboratory information management systems, enter-
prise resource planning systems) so that machine learning and 
artificial intelligence can be applied to various outcomes, which 
include predictive maintenance, production schedule optimiza-
tion, or automated verification of manual process steps.

Kristel Biehler, the vice-president of Life Sciences at 
Emerson’s process systems and solutions business, echoes Chau’s 
thesis, stating that the industry is “all about data.” Biehler stresses, 
however, that the concern should not only be about creating that 
data, but in how it’s utilized.

“Once you have the data, how do you contextualize it? 
How do you make it useful to third-party applications with 
advanced analytics? Are you able to make decisions [using] 
the information?” says Biehler. “I think the biggest horizon is 
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our ability to unlock the power that’s 
inside of that data.”

THE RISE OF DATA-
INTEGRATED TECHNOLOGIES
Data-integrated tecnhologies have been 
instrumental in recent innovations in 
the process controls sphere. For instance, 
Biehler noted how one of her compa-
ny’s newer products, the DeltaV Spectral 
Process Analytical Technology (PAT), 
was designed to integrate chemometric 
models within the control system. The 
technology allows Emerson to take 
spectral data from on-line analyzers and 
analyze it with the embedded chemom-
etric models. “You’re exposing parame-
ters that weren’t previously available, and 
now they can be used for closed-loop 
control,” explains Biehler. For example, 
glucose can’t be measured directly, but 
you can build a model for this important 
parameter using the data from a spectral 
analyzer.  You can also use other measure-
ment parameters in addition to glucose, 
inside the control system, to close the loop 
and even optimize control settings for 
multiple controlled variables.  

Another type of real-time data 
interfacing is the module type packag-
ing (MTP) protocol that enables “plug 
and play” functionality. According to 
Biehler, MTP automatically recognizes 
features or definitions around what a 
piece of equipment is, allowing for quick 
changes to a system.

“Emerson is creating innovative solu-
tions in the manufacturing automation 
management space by getting back to 
that data,” says Biehler. “We are auto-
matically collecting data, understanding 
data during the process, and making 
corrections in real time. There’s no need 
to have to wait to clear up deviations at 
the end of the manufacturing cycle; we 
check and validate  during the process.”

Similarly, Chau notes how the rise 
of continued process verification allows 
operators to monitor the process in real 
time via statistical process control meth-
ods. This either gives the operator con-
fidence that the process is adhering to 

control parameters or notifies them that 
it is trending in an out-of-specification 
direction so that they can take additional 
actions, which could be invaluable in 
preventing a lost batch.

In a different vein, Chau cites how 
training technologies are being used 
as a solution to address the industry’s 

“aging workforce gap.” While much of the 
workforce has significant experience and 
knowledge regarding these systems, many 
are retiring without all members of the 
younger generation getting a chance to 
directly learn from their seniors.

“Digital work instructions and knowl-
edge transfer are indispensable in captur-
ing the knowledge of employees exiting 
the industry and relaying it to the new 
workforce,” says Chau. “Moreover, the 
use of extended reality (augmented or 
virtual reality) to relay the information 
has been tremendous in decreasing new 
hire time-to-value, especially in tough 
to train environments like a [good man-
ufacturing practice] cleanroom. It also 
has the added benefit of reducing human 
error, which is the primary cause of most 
pharma manufacturing failures.”

THE FUTURE OF  
PROCESS CONTROLS
With the two-year anniversary of the 
COVID-19 pandemic officially in the 
rear-view mirror, a clearer picture is 
emerging of not only its impact on the 
current market, but also of what mea-
sures that might be desired long-term. 

“Utilizing remote connectivity to sup-
port manufacturing was typically con-
sidered and included in the conversation 
because it does provide many benefits, 
such as improved response time, reduced 
costs, and increased up time,” says Chau. 

“[However], the pandemic added another 
critical factor into that equation, which 
is safety, and that was the major driving 
force in adopting remote connectivity in 
the industry during the pandemic.”

According to Chau, strict restrictions 
were already placed on who can access 
the plant prior to the pandemic. These 
restrictions impacted contractors, origi-

nal equipment manufacturers, or vendors, 
all of whom had to undergo qualifica-
tions and training to work in a cleanroom  
environment. This issue was further  
exacerbated by the pandemic, which 
shifted the issue of entering the shop 
floor onto the end user, presenting a major 
challenge to productivity that remote con-
nectivity solved. In the process, however, 
this shift also served to demonstrate the 
longitudinal efficacy of such systems.

“Continuous improvement is always 
happening in the industry, and remote 
access is certainly an enabler of that,” 
says Chau. “While it may not see the 
same demands as during the pan-
demic, remote connectivity will have an 
increased demand than prior to the pan-
demic because of the push for remote 
office work as a standard in the world.”

Meanwhile, Biehler stresses the 
ongoing changes that are occurring 
due to pandemic stresses on the sup-
ply-chain., which have ushered in a sus-
tained effort to localize manufacturing.

“New facilities are popping up in 
places where we typically have not seen 
a lot of life sciences, like Africa and in 
Canada,” says Biehler. “[When] those 
investments are made, that obviously 
brings in a need for automation.”

Furthermore, Biehler states the 
emphasis on mRNA and therapies and 
drugs derived from it, which are fre-
quently being fast tracked, could lead to 
less bulk manufacturing and more per-
sonalized medicine and gene therapies. 
Biehler believes that more personalized 
medicine would further stress the need 
for automation tools that integrate qual-
ity into product manufacturing.

“The requirements for automation are 
changing, because the industry is mov-
ing from large batches to small batches 
and it’s becoming even more important 
to be able to make changes quickly in 
your process,” says Biehler. “From that 
regard, I think that there’s a change 
that’s happening in the industry that’s 
having us rethink how we work with 
our customers to change our technolo-
gies and innovations.” ◆

Manufacturing



DEDICATED DIALOGUE SPONSORED CONTENT SPONSORED CONTENT DEDICATED DIALOGUE

Sponsored by

BIOPHARM INTERNATIONAL: What exactly is multi-column continuous 
chromatography (MCC)?
O’DONNELL: MCC is an update to simulated moving bed (SMB) chromatography introduced in the 
1950s. The best way to describe MCC is you have a set of columns—some may be in series, some in 
parallel—where different stages of the chromatographic process are conducted simultaneously. For 
example, while loading the feedstock onto one column or set of columns, if you put them in series, 
you are also simultaneously washing, eluting, sanitizing, and regenerating other columns in parallel. 
For this to come together in one purification “unit operation,” there is a need for multiple pumps, 
flow paths, detectors, and valves.  

Initially, this sounds complicated, but once you understand the basics, it’s straightforward yet 
innovative. For example, the bind and elute of a monoclonal antibody (mAb) on a protein A resin 
can be visualized as multiple chromatography systems onboard a single skid. To begin, the first 
column is completely loaded with product and any breakthrough of the antibody is captured by a 
second, and sometimes a third, column in a series. Once the first column is completely saturated, 
it’s moved to the washing stage, and the second column that was capturing the breakthrough now 
moves into the primary capture position. A new or newly regenerated column then moves into the 
last position. This process of rotating columns into the “loading zone” continues until there is no 
more feedstock. When the first, fully loaded column is removed from the loading zone, dedicated 
pumps wash, elute, sanitize, and regenerate the column. The length of these steps must be timed so 
that the column can return to the loading zone without interrupting the continuous feed. The timing 
is dependent on the number of columns, flow rates, and the length of time it takes to complete the 
individual steps in the process.   

The fascinating thing about all this column moving is that nothing actually moves—all the flow 
paths are directed through a pneumatically actuated valve block that is designed to have minimal 
dead volume. The ingenious design of the valve block eliminates the need for large bulky valves that 
increase the amount of dead volume and increase the likelihood of mechanical failure. The software 
on the skid does all this work in a way similar to a conductor leading a symphony orchestra. The 
software is no more complicated to understand and program than the typical Unicorn® software 
utilized in research and production-scale laboratories everywhere.

BIOPHARM INTERNATIONAL: What are the benefits of MCC?
O’DONNELL: Why go to all the trouble to set up an MCC process if there aren’t some significant 
benefits? Last year, a collaboration with Catalent identified several areas of significant advantage 
to using MCC. We compared a standard batch purification of mAb to a purification utilizing MCC. 
Both protocols utilized TOYOPEARL® AF-rProtein A HC-650F resin. The skid was developed by Semba 
Biosciences, which is now a Tosoh Bioscience Company. Our goal was to generate some real-life 
numbers, and we were very aggressive by purifying over a kilogram of mAb from a single batch of 
feedstock. Our comparison showed that MCC required 40% less buffer than the batch process. This 
decrease in buffer reduces both the volume of WFI and the quantities of salts needed.    

In the literature, there are different ways that MCC productivity is reported. We used a very 
straightforward calculation of the number of grams of mAb produced per liter of protein A resin per 

Increase Downstream Productivity and Decrease Costs 
with Multi-column Continuous Chromatography

J. Kevin O’Donnell, Ph.D. 
R&D Manager
Chromatography Column Technologies
Tosoh Bioscience LLC

hour. For the batch process, we attained 19.2 g/L/h, and the MCC process 
produced 63.5 g/L/h—that’s a 331% increase in productivity. Yield and 
percent monomer were comparable to the batch mode, so we concluded 
that product attributes of the mAb were unchanged.

Other cost savings come from the reduced amount of resin required in 
MCC. MCC by nature cycles the columns rapidly and although you end 
up with more columns in a process, the total amount of protein A resin 
in those columns is still less than the resin volume used in batch mode. 
Additionally, MCC requires less time to purify the antibody. This time 
savings translates to cost savings, or as the adage states: Time is money. 
The extra time may free up the purification suite for other processes, and 
management always likes the sound of that!

With all these benefits, MCC is a very attractive alternative to traditional 
batch mode.

BIOPHARM INTERNATIONAL: What’s trending with MCC technologies? 
What are the minimum and maximum system capabilities?  
O’DONNELL: Remember, MCC doesn’t change the chromatographic 
steps to purify a molecule; a rugged method must still be created. Once 
the method is developed, MCC increases productivity and reduces 
costs compared to traditional methods. Process development and 
manufacturing groups are constantly under pressure to produce 
products faster and cheaper without sacrificing product quality, and so 
far, MCC does this beautifully. Because MCC is a new technology in the 
biopharmaceutical industry, there will be a lag before the technology is 
generally accepted. What you’ll see is that once it is approved in a process 
by the FDA or other regulatory agencies, companies will scramble to be the 
first (second) adopter. Then, everyone will be using it. With that in mind, 
most of the companies that have programs to evaluate new technologies 
are already testing MCC and are waiting for the day they can finally 
implement its benefits into their processes.

There is no upper limit to scale. The more product that must be purified in 
a shorter time, the better the fit for MCC. The productivity enhancements 
and the cost savings increase dramatically as the scale increases. On the 
other hand, if there is only a demand for milligrams to several grams of a 
product, MCC is probably a bit of an overkill. Ultimately, a detailed process 
economic analysis will dictate if MCC is a good option.

BIOPHARM INTERNATIONAL: Is MCC only being used in production, or 
can it be used in development, too?
O’DONNELL: Right now, MCC is a production tool; however, this does 
not have to be the case.  Everyone is aware of how companies utilize a 
platform technology, which includes using certain resins in a certain order 
to streamline their development. Once familiar with MCC, a similar strategy 
will be used to quickly generate material for all phases of clinical trials 
culminating in large-scale manufacturing. 

How would this work for you? With a few standard experiments, 
the process engineer can implement an MCC process at almost any 
scale—and those experiments are the same ones they would perform 
for batch chromatography. Of course, as I mentioned earlier, there may 
be a minimum threshold for economic reasons, but from a technology 
standpoint, MCC can be used at any scale. In addition, new pre-packed 
columns designed specifically for MCC are currently under development 
and will provide tremendous flexibility for MCC at any scale.

BIOPHARM INTERNATIONAL: Can MCC be used for the purification of 
different biomolecules? 
O’DONNELL: Going back to its roots in SMB for separations in the 
petrochemical and food industries, there is no reason MCC can’t be used 
for almost any biomolecule, as long as there is a rugged separation 
method available. The current emphasis is the purification of mAbs 
using protein A resin, and we are working in that space as well. However, 
subsequent steps in the process using ion-exchange, hydrophobic-
interaction, and even multi-mode chromatography are not out of the realm 
of possibilities. The use of MCC for other biomolecules, such as antibody 
fragments, ADCs, oligonucleotides, and vaccine candidates, can and 
probably will be developed. If there is a need for substantial amounts of 
biopharmaceutical product purified in a cost-efficient and time-saving 
manner, there will be a need for technologies such as MCC.

BIOPHARM INTERNATIONAL: What do you predict for the future of 
this technology?
O’DONNELL: As far as technology development goes, we have to be careful 
that we don’t become so enamored with it that we make the systems too 
complicated. By keeping the technology as simple as possible, more users are 
likely to adopt it. We also need to keep it simple so that plant operators can 
utilize and/or quickly troubleshoot any process. Using chromatography resins 
with excellent binding and elution kinetics will only make this technology 
better. To further support these chromatography resins, columns with 
optimal dimensions and performance characteristics are currently 
in development.

We have heard a lot of talk about end-to-end continuous manufacturing, 
and now is the time for MCC to take its place on the podium as one of the 
innovative tools critical to the future of biopharmaceutical manufacturing.    
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dead volume. The ingenious design of the valve block eliminates the need for large bulky valves that 
increase the amount of dead volume and increase the likelihood of mechanical failure. The software 
on the skid does all this work in a way similar to a conductor leading a symphony orchestra. The 
software is no more complicated to understand and program than the typical Unicorn® software 
utilized in research and production-scale laboratories everywhere.

BIOPHARM INTERNATIONAL: What are the benefits of MCC?
O’DONNELL: Why go to all the trouble to set up an MCC process if there aren’t some significant 
benefits? Last year, a collaboration with Catalent identified several areas of significant advantage 
to using MCC. We compared a standard batch purification of mAb to a purification utilizing MCC. 
Both protocols utilized TOYOPEARL® AF-rProtein A HC-650F resin. The skid was developed by Semba 
Biosciences, which is now a Tosoh Bioscience Company. Our goal was to generate some real-life 
numbers, and we were very aggressive by purifying over a kilogram of mAb from a single batch of 
feedstock. Our comparison showed that MCC required 40% less buffer than the batch process. This 
decrease in buffer reduces both the volume of WFI and the quantities of salts needed.    

In the literature, there are different ways that MCC productivity is reported. We used a very 
straightforward calculation of the number of grams of mAb produced per liter of protein A resin per 

Increase Downstream Productivity and Decrease Costs 
with Multi-column Continuous Chromatography

J. Kevin O’Donnell, Ph.D. 
R&D Manager
Chromatography Column Technologies
Tosoh Bioscience LLC

hour. For the batch process, we attained 19.2 g/L/h, and the MCC process 
produced 63.5 g/L/h—that’s a 331% increase in productivity. Yield and 
percent monomer were comparable to the batch mode, so we concluded 
that product attributes of the mAb were unchanged.

Other cost savings come from the reduced amount of resin required in 
MCC. MCC by nature cycles the columns rapidly and although you end 
up with more columns in a process, the total amount of protein A resin 
in those columns is still less than the resin volume used in batch mode. 
Additionally, MCC requires less time to purify the antibody. This time 
savings translates to cost savings, or as the adage states: Time is money. 
The extra time may free up the purification suite for other processes, and 
management always likes the sound of that!

With all these benefits, MCC is a very attractive alternative to traditional 
batch mode.

BIOPHARM INTERNATIONAL: What’s trending with MCC technologies? 
What are the minimum and maximum system capabilities?  
O’DONNELL: Remember, MCC doesn’t change the chromatographic 
steps to purify a molecule; a rugged method must still be created. Once 
the method is developed, MCC increases productivity and reduces 
costs compared to traditional methods. Process development and 
manufacturing groups are constantly under pressure to produce 
products faster and cheaper without sacrificing product quality, and so 
far, MCC does this beautifully. Because MCC is a new technology in the 
biopharmaceutical industry, there will be a lag before the technology is 
generally accepted. What you’ll see is that once it is approved in a process 
by the FDA or other regulatory agencies, companies will scramble to be the 
first (second) adopter. Then, everyone will be using it. With that in mind, 
most of the companies that have programs to evaluate new technologies 
are already testing MCC and are waiting for the day they can finally 
implement its benefits into their processes.

There is no upper limit to scale. The more product that must be purified in 
a shorter time, the better the fit for MCC. The productivity enhancements 
and the cost savings increase dramatically as the scale increases. On the 
other hand, if there is only a demand for milligrams to several grams of a 
product, MCC is probably a bit of an overkill. Ultimately, a detailed process 
economic analysis will dictate if MCC is a good option.

BIOPHARM INTERNATIONAL: Is MCC only being used in production, or 
can it be used in development, too?
O’DONNELL: Right now, MCC is a production tool; however, this does 
not have to be the case.  Everyone is aware of how companies utilize a 
platform technology, which includes using certain resins in a certain order 
to streamline their development. Once familiar with MCC, a similar strategy 
will be used to quickly generate material for all phases of clinical trials 
culminating in large-scale manufacturing. 

How would this work for you? With a few standard experiments, 
the process engineer can implement an MCC process at almost any 
scale—and those experiments are the same ones they would perform 
for batch chromatography. Of course, as I mentioned earlier, there may 
be a minimum threshold for economic reasons, but from a technology 
standpoint, MCC can be used at any scale. In addition, new pre-packed 
columns designed specifically for MCC are currently under development 
and will provide tremendous flexibility for MCC at any scale.

BIOPHARM INTERNATIONAL: Can MCC be used for the purification of 
different biomolecules? 
O’DONNELL: Going back to its roots in SMB for separations in the 
petrochemical and food industries, there is no reason MCC can’t be used 
for almost any biomolecule, as long as there is a rugged separation 
method available. The current emphasis is the purification of mAbs 
using protein A resin, and we are working in that space as well. However, 
subsequent steps in the process using ion-exchange, hydrophobic-
interaction, and even multi-mode chromatography are not out of the realm 
of possibilities. The use of MCC for other biomolecules, such as antibody 
fragments, ADCs, oligonucleotides, and vaccine candidates, can and 
probably will be developed. If there is a need for substantial amounts of 
biopharmaceutical product purified in a cost-efficient and time-saving 
manner, there will be a need for technologies such as MCC.

BIOPHARM INTERNATIONAL: What do you predict for the future of 
this technology?
O’DONNELL: As far as technology development goes, we have to be careful 
that we don’t become so enamored with it that we make the systems too 
complicated. By keeping the technology as simple as possible, more users are 
likely to adopt it. We also need to keep it simple so that plant operators can 
utilize and/or quickly troubleshoot any process. Using chromatography resins 
with excellent binding and elution kinetics will only make this technology 
better. To further support these chromatography resins, columns with 
optimal dimensions and performance characteristics are currently 
in development.

We have heard a lot of talk about end-to-end continuous manufacturing, 
and now is the time for MCC to take its place on the podium as one of the 
innovative tools critical to the future of biopharmaceutical manufacturing.    
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Reducing Risk: Establishing 
Consistency and Scalability of  
Cell Therapy Starting Material

Taking key considerations into account along the cell therapy 
supply chain can set cell therapy developers up for success.

JOY AHO

T he pace of cell therapy development continues to 
accelerate in both the autologous and allogeneic 
spaces. With autologous cell and gene therapies 

approved by regulators in the United States and abroad, 
many biopharma companies are turning their sights to allo-
geneic cell therapies, which often use starting material from 
a healthy adult donor.

The quality and consistency of the source material can impact 
the quality of the final manufactured allogeneic cell therapy. 
Considerations and case examples along the allogeneic cell 
therapy supply chain illustrate why it is crucial for cell therapy 
developers to understand which donor attributes are critical to 
product efficacy and how those attributes impact supply chain 
requirements and ability to scale; how a cell therapy developer’s 
collection network strategy can impact quality, agility, and scal-
ability; and why partnering with experienced vendors is critical 
for the development of a reliable, high-quality supply chain.

These considerations will help cell therapy developers 
determine if a potential partner has the expertise and rela-

tionships required to identify, source, and collect allogeneic 
donors and continually deliver high-quality starting material 
for manufacture as the therapy scales.

DONOR IDENTIFICATION
The allogeneic cell therapy supply chain starts with donor iden-
tification. At this step, there are two key considerations: critical 
quality attributes of the donor starting material and geographic 
reach planned for the therapy.

Donor starting material
The critical quality attributes of the donor starting material 
can have a major impact on the ability to source donors 
at scale. Every requirement added narrows the donor pool.  
Figure 1 is a case example of how screening parameters 
can limit the number of donors that might be available to 

Supply Chain
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support that therapy. The client did 
not have stringent non-human leuko-
cyte antigen requirements but did have 
stringent additional screening criteria. 
The scenario begins at screenings com-
pleted and shows the average number 
of donors it takes to get to one col-
lection. Prior to this point, the donor 
pool started with a segment of approx-
imately 7 million potential donors out 
of an overall database of 22 million. 
Then, any donors who did not meet 
demographic-based requirements (e.g., 
ethnicity, gender, age) were filtered out 
prior to contact for screening samples.

At the screening stage during a Be 
The Match BioTherapies case study, 
the donors were evaluated for spe-
cific attributes not captured in the  
registry data, such as performance in 
culture or a specific assay. Five poten-
tial donors passed the screening param-
eters. The next steps included an 
information session for the potential 
donor, gathering donor consent, and 
scheduling the collection. Only one donor 
out of 37 screened donors completed 
collection (1).

As this case example demon-
strates, the stringency and type of 
donor requirements can drastically 
limit the number of donors who 
meet the requirements to donate for 
a therapy. Cell therapy developers 
must consider the size of the start-
ing donor pool required to meet the 

attributes that are critical to the effi-
cacy or safety of the therapy. The more 
requirements that a cell therapy devel-
oper adds, the fewer donors who meet 
the requirements (2).

Therapy geographic reach
Cell therapy developers must think 
about the desired geographic reach 
of their therapy from the beginning. 
Allogeneic starting material has the 
potential to be used to create therapies 
for multiple patients who may reside 
in a different country than where the 
starting material is collected. This 
is especially true once a company 
broadens its scope beyond its initial 
clinical trials.

Any starting material collected from 
a donor must comply with requirements 
set by the regulatory bodies in the 
countries where the resulting therapy 
may be administered, and requirements 
between countries differ.

Figure 2 shows a sampling of 
regulatory requirements for donor 
screening, donor testing, and source 
material collection in the United 
States, Canada, Australia, and the 
European Union (3–10). The blue circles  
indicate requirements that differ from 
FDA requirements.

If the cell therapy developer requests 
collections using only US regula-
tions and later decides to broaden its 
reach to another country, the start-

ing material most likely will not meet 
that country’s requirements and can-
not be used. A cell sourcing vendor 
with an understanding of international 
donor guidelines can help cell therapy  
developers collect starting material 
in a way that meets requirements for 
multiple countries.

A cell sourcing vendor with a large, 
diverse registry and an understanding of 
US and international donor guidelines 
can help cell therapy developers avoid pit-
falls that could put the therapy at risk (2).

CELL COLLECTION
Once a cell therapy developer selects 
and screens donors, the supply chain 
moves to cell collection. There are 
three key considerations when devel-
oping a cell collection network strat-
egy : geographic distr ibution of 
collection centers, alignment of collec-
tion and cell processing requirements 
with collection center capabilities, and 
therapy-specific training requirements 
and ongoing center management. 

Geographic distribution  
to lower risk
A broad geographic distribution of cell 
collection centers allows cell therapy 
developers to scale and be agile. When 
a company relies on a few centers with 
limited geographic reach, it opens its 
supply chain up to risk. A geographi-
cally diverse network lowers that risk.

The COVID-19 pandemic serves 
as a case example. Prior to COVID, it 
was not unusual for a donor to travel 
across the country to the apheresis 
center collecting for a company ’s 
therapy. However, COVID-19 made 
that kind of travel virtually impossi-
ble. This was particularly true early 
in the pandemic with travel restric-
tions and quarantine requirements in 
place in many US states (11). A geo-
graphically diverse apheresis center 
network allowed donors to stay within 
a two- to three-hour driving distance 
of home so collections could continue 
despite the pandemic.

Supply Chain

Figure 1. This case example shows how quickly an allogeneic donor pool 
narrows when a client adds stringent donor attribute requirements. Eliminating 
requirements that do not impact therapy efficacy or safety broadens the pool of 
potential donors (1).
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The advantage of having access to a 
network of apheresis centers across the 
US goes beyond lowering risks. It gives 
companies the ability to quickly scale 
as the therapy moves from early-stage 
clinical trials into commercialization and 
collection needs grow. Apheresis centers 
do not have unlimited capacity; therefore, 
companies need additional options for 
startingmaterial collection.

Collection center  
capabilities alignment
Not every apheresis center has the 
same collection and cell processing 

capabilities. A cell therapy developer 
must have a clear understanding of 
an apheresis center’s capabilities and 
select centers that can meet the ther-
apy protocol requirements.

For example, some centers do not 
have cryopreservation capabilities. 
Others do not have a clean room for cell 
processing. In addition, some apheresis 
centers have more experience collecting 
starting material for cell therapies than 
others. When developing its cell collec-
tion network strategy, cell therapy devel-
opers must keep these considerations 
in mind so starting material is collected 

consistently and at a high quality across 
the centers it has selected.  

Training and  
ongoing management
Training and center management is an 
essential piece of a cell therapy develop-
er’s collection network strategy. Robust, 
therapy-specific training procedures 
and network management practices 
help maintain consistency across cen-
ters in the network.

Figure 3 illustrates a case exam-
ple of the benefits of robust training 
procedures and network management 

Supply Chain

Figure 3. Five different collection centers collected mononuclear cells by apheresis for a developer. The total cell count and total 
volume collected were tracked over three years (2017–2020). Similar donor-to-donor variability is seen across centers.

Figure 2. Examples of country-to-country regulatory differences for source material. Inconsistencies with FDA regulations are 
identified in blue (3–10).
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practices. The data collected over three 
years for one client shows consistent 
performance in product cell count and 
product volume across trained centers 
in the client’s network. Consistency in 
the released product was maintained 
even when centers were added as the 
client’s collection needs grew over time. 
The centers were selected based on 
their ability to support the protocol. All 
centers received therapy-specific train-
ing and ongoing support (12).

Developing a cell collection network 
strategy that includes geographically 
diverse centers, aligns center capa-
bilities with protocol requirements, 
and uses robust training procedures 
and management sets cell therapy 
developers up to consistently col-
lect high quality starting material 
for manufacture (2).

SUPPLY CHAIN
The entire cell therapy supply chain is 
time sensitive and susceptible to variability. 
Therefore, there are three key consider-
ations when developing a supply chain 
vendor strategy: demonstrated experience 
overcoming cell therapy supply chain 
disruptions, understanding shipping 
lanes to meet product-release timelines, 
and single courier or courier-agnostic 
logistics model.

Supply chain disruptions
Disruptions can occur at any point 
along the supply chain—from sched-
uling cell collection through product 
delivery—that require experience and 
relationships to navigate.

For example, if a collection slot 
becomes unavailable, having a geo-
graphically diverse network of apher-
esis centers could allow the collection 
to move to a new center to keep it on 
time. If a weather event happens, such 
as a flood, hurricane, or blizzard, estab-
lished relationships with the emergency 
management community allow for the 
continued movement of product.

For products that cross international 
borders, customs complexities can be dif-

ficult to navigate. This was especially true 
early in the COVID-19 pandemic when 
borders closed suddenly. Companies 
were required to lean on existing rela-
tionships and experience to keep 
products moving.

One COVID-19 case example 
comes from the allogeneic hematopoi-
etic stem cell transplant community 
where country-to-country transports of 
fresh product from an allogeneic donor 
to a patient are common. Just days after 
the US president closed the US bor-
der to foreign nationals, the National 
Marrow Donor Program (NMDP)/Be 
The Match requested and received a 
waiver from the Centers for Disease 
Control and Prevention (CDC). The 
waiver allowed foreign nationals from 
Europe to deliver products into the 
US on behalf of the NMDP/Be The 
Match despite the border restrictions.

The NMDP/Be The Match has a 
long-standing relationship with the 
US government. It worked with Vice 
President Mike Pence, the CDC, the 
Department of Homeland Security, 
and the State Department to get the 
exemption (13). 

Shipping lanes
Cell therapy developers and supply 
chain vendors must have a complete 

understanding of product-release 
timelines, product-expiration time-
lines, and shipping lanes between the 
collection center and manufacturing 
facility. Whether starting material 
is shipped fresh or cryopreserved, it 
must reach the manufacturing facil-
ity in a specific timeframe because 
delayed delivery could mean a manu-
facturing slot is no longer available or 
the product may no longer be viable.

Experienced cell therapy supply 
chain management vendors have this 
full picture and can collaborate with 
the cell therapy developer to deter-
mine ideal shipping lanes based on 
the location of the manufacturer and/
or collection center. A collection 
center that does not have easy access 
to an airport, for example, may not 
be the best choice for products with 
short product-expiration timelines.

Figure 4 provides a case example 
of client data collected over two years 
of domestic shipments. Starting mate-
rial needed to be delivered from the 
apheresis center to the manufacturing 
facility within 48 hours. All 128 start-
ing material shipments were delivered 
within 40 hours; 120 products were 
delivered to the manufacturer within 
24 hours. Even with most collections 
and shipments occurring during the 

Supply Chain

Figure 4. Hours in transport for starting material for was tracked for 128 
domestic shipments over two years. Overall timeframes trended down over time 
with all shipments delivered to the manufacturer from the collection center within 
the cell therapy developer’s contracted deadline.
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COVID-19 pandemic, the hours in 
transport trended downward (14). 

Logistics model 
The logistics model a cell therapy sup-
ply chain management vendor employs 
can minimize quality incidents related to 
logistics. There are generally two types of 
models. In one model, the vendor works 
with one courier company to transport 
cells. In the other, the vendor works with 
multiple courier companies and selects 
the courier that best suits the ship-
ping lane. This is also called a managed 
logistics model.

In a managed logistics model, a cell 
therapy supply chain manager has over-
sight of the entire supply chain, from 
collection scheduling through product 
delivery. The supply chain manager 
works closely with a logistics team that 
is managing the shipments and mak-
ing necessary adjustments if a disruption 
occurs. The supply chain manager stays 
in close contact with all stakeholders to 
communicate any changes.

Figure 5 demonstrates how Be The 
Match BioTherapies managed logistics 
model minimizes quality incidents. In 
one case, the organization used a single 
third-party courier to manage shipments. 

The other relied on the managed logis-
tics model to manage shipments. The 
managed logistics model with shipment 
oversight by an experienced team drasti-
cally reduced quality incidents (15).

An experienced cell therapy supply 
chain management partner can help cell 
therapy developers lower the risk inher-
ent to cell therapy supply chains and 
deliver starting material to manufactur-
ing without delay (2).

CONCLUSION
With the pace of cell therapy devel-
opment, companies must have strong 
partners that can deliver consistent, 
high-quality starting material for allo-
geneic therapies. Donor attributes, cell 
collection network strategies, and a 
vendor’s experience and partnerships all 
play important roles in a cell therapy 
developer’s ability to scale from early 
clinical trials into the commercial phase. 
By keeping the considerations presented 
here in mind, cell therapy developers 
can determine if a potential partner has 
the right expertise and relationships to 
consistently deliver.
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Figure 5. International shipments from October 2020–September 2021 using a 
managed logistics model had significantly fewer quality incidents than those that 
did not use a managed logistics model (i.e., third-party managed).
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Cleanroom Cleaning:  
Proper Methodology and  

Determining Efficacy
Effective cleaning and disinfection along with contamination 

controls is imperative when operating and utilizing a cleanroom.
RYAN BURKE AND MADISON PRIFTI

P reventing contamination within classified areas of an 
operational cleanroom is a constant battle. Cleaning 
and disinfection programs help mitigate contamination 

by removing the microorganisms and particulates introduced 
into the classified areas during routine operation. In general, 
people are considered the number one source of contamina-
tion within a cleanroom, followed by materials and equip-
ment that are transferred in and out of the classified areas. 
Following proper gowning and aseptic technique procedures 
help to mitigate contamination introduced by people. A prop-
erly developed and implemented cleaning and disinfection 
program is an integral component in ensuring a cleanroom is 
in a constant state of control.

Several components must be considered when developing 
and implementing a cleaning and disinfection program. To 
determine which cleaning and disinfectant agents will be 
used, firms must identify the natural flora within the facility. 
Performing baseline monitoring in the facility—otherwise 
known as in-situ monitoring—before cleaning any of the target 

areas ensures microorganisms can be recovered. Understanding 
what organisms are naturally present plays a significant role in 
choosing the appropriate disinfectants for a facility. The resis-
tance of microorganisms to disinfectant agents can vary signifi-
cantly. For example, vegetative bacteria are generally some of the 
easiest microorganisms to eradicate while mold and bacterial 
spores are some of the most difficult.  

The effectiveness of a disinfectant depends on its intrinsic 
biocidal activity, the concentration of the disinfectant, the 
contact time, the nature of the surface disinfected, the hard-
ness of the water used to dilute the disinfectant, the amount 
of organic materials present on the surface, and the type and 
amount of microorganisms present (1). Other key aspects to 
consider when choosing a disinfectant are the application 
method, ready to use vs. concentrate, how corrosive it is, and 

Analytics
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what the rotation of disinfectants is 
going to be. United States Pharmacopeia 
(USP) <1072>, Disinfectants and 
Antiseptics, recommends rotating a 
disinfectant with a sporicidal agent, 
typically on a monthly or weekly fre-
quency, but sporicidal agents may cause 
corrosion of certain types of material 
if used too often (1). After selecting 
disinfectants, they must be evaluated 
to determine their effectiveness via a 
disinfectant efficacy study.

DETERMINING EFFICACY 
Disinfectant efficacy studies can 
become complex depending on the fol-
lowing criteria: 

• Number of disinfectants
• Number of surface materials
• Duration of contact times for 

each disinfectant
• Number of challenge organisms 

that need to be included.
However, such studies demonstrate 

the bactericidal, fungicidal, and spori-
cidal efficacy of the disinfectant agents 
and are usually required by industry 
regulatory agencies. 

The concept of the disinfectant 
efficacy test is to challenge the dis-
infectant agents by using a specific 
methodology that can produce mea-
surable results. It is important to retain 
extra pieces of materials of construc-
tion from when the cleanroom is being 
built to make two-inch-by-two-inch 
coupons for the disinfectant efficacy 
study. The coupons are inoculated with 

enough microorganisms to demon-
strate at least a two-log reduction 
for mold and bacterial spores and a 
three-log reduction for vegetative  
bacteria (1). A different coupon will be 
used for each organism and a prede-
termined contact time will be used for 
each disinfectant agent. 

When choosing the challenge 
organisms, it is typical to begin by 
choosing from the ones listed in USP 
<1072>, such as Staphylococcus aureus, 
Bacillus subtilis, Aspergillus brasiliensis, 
Candida albicans, Pseudomonas aeru-
ginosa, and a Salmonella spp. These 
organisms represent a range of diverse 
organisms with varying resistivity to 
the disinfectant agents. However, most 
studies will tend to expand that list by 
selecting some of the organisms recov-
ered during the baseline environmental 
monitoring (EM) and routine testing.

Once the criteria have been deter-
mined, the disinfectant efficacy study 
may begin. To briefly describe the 
process: coupons should be sterilized 
before the study to avoid contamina-
tion from other microorganisms out-
side of those selected for challenge 
organisms. Autoclaving is a typical 
sterilization method, but if materials 
are unfit for the autoclave, an alterna-
tive sterilization method must be used. 
Once ready, the coupons are inoculated 
on the upper surface with the predeter-
mined amount of organism and then 
allowed to dry for a specified amount 
of time in an ISO 5 environment. The 
appropriate disinfectant is then applied 
to each inoculated coupon for a deter-
mined contact time. Each coupon is 
then swabbed using a neutralizing 
agent to stop the disinfectant activity 
and recover any surviving microorgan-
isms. These swabs are placed into a test 
tube containing more of the neutral-
izing agent and agitated by vortexing 
them to remove the organisms from 
the swab. Log dilutions of this coupon 
wash are performed and plated either 
by pour plate method or membrane 
filtration onto appropriate medias. 

The plates are incubated at specified  
temperatures and durations of time, 
then the colony-forming units that 
develop are counted. A percent reduc-
tion is calculated by comparing the 
inoculum coupon control count plates 
to the plate counts from the coupon 
solutions. These results are analyzed  
to determine whether the minimum 
log reduction was achieved for each 
testing scenario.

Once the disinfectant study is com-
pleted successfully, the firms should 
keep the report document on file for 
future reference. The process of clean-
ing and disinfecting the classified areas 
should be specified in a standard oper-
ating procedure and documented every 
time the process is completed. Once 
the classified areas are in routine use, 
the effectiveness of the cleaning and 
disinfection program should be mon-
itored on a routine frequency through 
an EM program.

ENVIRONMENTAL 
MONITORING
Establishing an EM program using 
a risk-based approach to determine 
the number of samples, where samples 
should be taken within the classified 
areas, and the frequency of sampling 
will help to maintain control of classi-
fied spaces. A failure mode and effects 

To determine 
which cleaning and 
disinfectant agents 
will be used, firms 
must identify the 

natural flora within 
the facility. The concept of 

the disinfectant 
efficacy test is 

to challenge the 
disinfectant agents 
by using a specific 

methodology 
that can produce 

measurable results.
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analysis (FMEA) risk assessment 
identifies actual and potential failure 
modes for a product or process. FMEA 
is both a qualitative and quantitative 
approach that anticipates potential 
process failures and attempts to pro-
vide mitigation factors to reduce the 
risk of these failures. The FMEA rat-
ing for risk is derived from three areas: 

• Occurrence: the likelihood of 
the failure occurring

• Sever i t y :  re fe rences  t he 
consequences of the failure (effect 
on patient health, loss of time, loss 
of product)

• Detection: determines how 
likely the failure will be detected (a 
high detection rating can mitigate  
high occurrence).

Occurrence can be broken down 
further into two subcategories: 

• P1: the probability of microbial 
contamination related to the 
environment. Hard-to-clean 
areas, areas near return vents, 
areas with high personnel and 
material traffic, and areas adjacent 
to uncontrolled spaces.

• P2: the probability of microbial 
contamination related to the 
product. Factors such as length of 
process time, process criticality, 
and areas where signif icant 
product activity will be considered 
during the scoring of P2.

This is due to the differentiation 
of contamination risk. Risk to prod-
uct and risk from the environment are 
often mutually exclusive and should 
be assessed separately. Each risk cat-
egory is given a numerical range  
from 1–4.

Risk is determined by multiply-
ing each risk category to create a risk 
priority number (RPN). Therefore,  
probability occurrence (P1) x prob-
ability occurrence (P2) x detection x  
severity = RPN.

A risk priority can be determined 
without environmental monitor-
ing (pre-EM) as a source of detec-
tion, and then later scored after the 

implementation of environmental 
monitoring (post-EM) at each sample 
location to show the risk reduction 
with the implementation of EM to 
increase detection of microbial con-
tamination. Each sample is scored 
using this system and that score is 
used to justify its location within the 
classified area.

Once the risk assessment is com-
pleted, generate a sample location 
map for the performance qualification 
(PQ) and routine EM. A performance 
qualification protocol should outline 
the necessary qualification activities 
for areas that are usually classified as 
ISO 5, 7, or 8. The PQ testing deter-
mines whether the areas being tested 
are performing as intended and meet-
ing the criteria defined in the protocol 
under both static and dynamic con-
ditions. Various guidance documents 
may be referenced to determine the 
criteria for viable air and surface sam-
ples along with the non-viable partic-
ulates, such as USP <1116>, European 
Annex 1, and ISO 14644-1.

I S O - 1 4 6 4 4 - 1 : 2 0 1 5  f o c u s e s 
on the classification of air cleanli-
ness defined in table one of ISO  
14644-1 (2) While ISO 14644-1 is 
strictly for non-viable particulates 
and room classification, the other two 
guidance documents, USP <1116> 
and European Annex 1, provide cri-
teria for viable surface and air sam-
ples as well (1). If the criteria in these 
documents are used, those values will 
typically be considered the action lev-
els for the PQ and the routine testing 
that immediately follows. However, 
once enough historical data is accu-
mulated (typically, in one year) alert 
levels can be established, and the 
action levels can be revised based on 
these data as well.

A PQ normally will follow the 
room certification and consist of a 
specified number of days of at-rest 
(static) conditions followed by a spec-
ified number of days of operational 
(dynamic) conditions. The num-

ber of static and dynamic condition 
testing days can vary depending on 
a company’s needs. The EM usually 
encompasses non-viable particulate 
air sampling, viable air sampling, and 
viable surface sampling. Locations of 
each sampling type are determined by 
the risk assessment and are typically 
plotted on a diagram of the room to 
create a sample map. Viable air and 
surface sampling is performed using 
trypticase soy agar (TSA) media and 
sabouraud dextrose agar (SDA) media. 
TSA is a broad-spectrum general 
growth media formulated for bacte-
rial growth, while SDA is formulated 
to better detect fungal growth. The 
two types of media are incubated at 
specified temperatures and durations 
to promote the growth of any micro-
organisms that may have been trans-
ferred to the media when sampling. 
After the PQ, implementing a routine 
EM program will aid in continually 
monitoring for any adverse microbial 
trends. Routine testing will help con-
tinually monitor the effectiveness of 
the cleaning and disinfection program. 
Implementing these critical compo-
nents of the cleanroom program will 
help to ensure the cleanroom will 
operate properly and contamination 
levels will be minimized. 

There will be some cost and time 
commitments associated with con-
ducting these measures but, by 
taking the proper steps and imple-
menting these critical components at 
the appropriate times, they will help 
mitigate contamination within the 
cleanroom areas. These steps are nec-
essary to maintain a compliant clean-
room facility and to help ensure the 
integrity of the products being made 
within them.

REFERENCES
1. USP, USP General Chapter <1072>, 

“Disinfectants and Antiseptics,” USP 
43-NF 38 (Rockville, MD, 2022).

2. ISO, ISO 14644-1, Cleanrooms and 
associated controlled environments — 
Part 1: Classification of air cleanliness 
by particle concentration (2021). ◆
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This is the year in which manufacturers will have the 
courage to bet on data aggregation and AI solutions that 
help them grow their capacity, moving away from pilot 
mode and embedding those tools as foundational assets. 

PHARMTECH: The dawn of digital transformation for the pharmaceutical industry was 
announced more than a decade ago yet most are barely initiating that change, especially 
when it comes to manufacturing, even if the associated benefits seem obvious. Why do you 
think this is the case? 
VITALIE: The biopharma industry is under tremendous pressure from the COVID-19 pandemic, 
interruptions to the supply chain, increasing pressure to get products to market, personalized 
medicine putting demands on manufacturing, and overall, more competition globally. The biggest 
driver we’re seeing is the increasing pressure to externalize manufacturing operations. It is a 
phenomenon that was occurring before the pandemic, but it has exponentially increased, and more 
companies are going in this direction and relying on partnerships to meet the demands they have 
for the products. 

PHARMTECH: How has the pandemic shaken the market? 
VITALIE: It put a big spotlight on the fact that our industry has been lagging behind almost all 
other major industries in terms of adopting digital strategies and transforming their manufacturing 
capabilities. Most of this is due to decades-long use of well-defined and well-understood processes 
and relying on quality to be the primary measure of success in the manufacturing process. There was 
not pressure to begin or accelerate this transformation until the pandemic—it was happening but 
not across market segments at scale. The larger companies were investing considerable R&D and 
innovation dollars to experiment, but they hadn’t put most of these breakthrough capabilities into 
production. The other focus that has shifted is companies were primarily focused on getting products 
to market, gaining market share with each of their products and increasing commercialization 
capabilities and effectiveness—manufacturing took a backseat to all of that. But there is a massive 
trend that is building momentum: to digitally transform manufacturing across all types and sizes of 
companies around the globe—they must find ways to move forward on this journey. 

PHARMTECH: What industry use cases for biopharmaceutical manufacturing are showing a 
clear return on investment (ROI) and in what sort of timeframe? 
VITALIE: The efforts to increase yield and use equipment from different vendors to gain efficiencies 
have been in place for years. But by installing a hybrid set of equipment or having different 
strategies to achieve the objectives of manufacturing, manufacturers have created silos of data—
this problem is compounded due to every vendor continuing to sell add-on technology that is 
proprietary to their systems and technical capabilities. Until Aizon, there hasn’t been a way to put 
an easy-to-deploy, unifying layer of data technology on top of all that legacy equipment, paper 
records, and software systems to access that information and make it usable in a way that can drive 
higher efficiencies, higher yields, and lower costs while delivering tangible value quickly, especially 
as compared to the traditional timeframes. 

Smart Manufacturing: 
From Pilot to Production

John Vitalie
CEO
Aizon

More recently, artificial intelligence (AI), as we have introduced it into 
predictive maintenance for equipment, is reducing unplanned downtime. 
In addition, customers are implementing deviation-reduction strategies 
across multiple sites, technology transfers to scale more effectively at lower 
costs, and, overall, they can share insights on the performance of lines 
and sites, at a global level, to decision-makers who need to be informed to 
make better decisions in a timelier way using real-time data to understand 
what’s happening on the operator level. All this combined is creating an 
environment where chief quality officers and their teams are more involved 
in the front-end of designing these strategies rather than just reacting 
and doing their best managing corrective and preventive actions (CAPAs), 
doing testing and validation, and reporting post facto. 

PHARMTECH: Is this the year we’ll see that tipping point in which the 
pharmaceutical industry moves from pilot to full deployment, and if 
so, why now? 
VITALIE: It boils down to increasing pressure in the market, displacement 
of supply chains companies bringing manufacturing capabilities back to 
their home base, particularly in the United States. Government funding is 
also playing a role in helping companies scale up production. We’re seeing 
innovative companies in every major manufacturing area come to market 
with manufacturing capabilities that weren’t there just two years ago. The 
“now” factor is that there’s been pent-up demand to scale out production 
and increase efficiency, requiring new processes and the embracement of 
cloud technology. The only way to do that is to implement platform-based 
technology to leverage valuable data, AI and real-time monitoring, to 
get that quantum leap of improvement that is needed in the industry to 
meet the demand. We must move now and get these improvements into 
mainstream production on a global scale. 

PHARMTECH: What’s necessary to take that leap? 
VITALIE: Companies must have a strategy around adopting and leveraging 
cloud-based technology. Aizon has a fully developed and validated platform 
that’s been scaled to multiple sites and for multiple use cases with large and 
mid-sized companies. By building on AWS, we were able to leverage the 
world-class security they provide, which enabled us to build more value for 
customers and partners using other components. We remain very focused 
on applying our industry and process expertise to deliver out-of-the-box 
functionality based on the user and industry requirements. There is no need 
to build these things from off-the-shelf tools or platforms when applications 
from Aizon are available without restrictions from legacy systems and 
manual processes—our platforms are designed based on best practices, 
automation, and enhancing the skills of the end-user to free up time and 
support decision-making when it matters most. Cloud-based technologies 
take manufacturing to the next level so they can more predictably deliver 
better outcomes, therefore creating a sustainable competitive advantage. 

Another thing to note is the combination of breaking down data silos and 
getting IT to focus on working with the operating technology teams and 
the operators to collaborate on how to achieve the targeted outcomes. 
Every company needs to have a strategy around change management; 
they need to know how to make investments in technology, provide a 

high ROI and achieve the goals when they need to achieve them—change 
management is critical to making that happen. Again, having a platform 
strategy and equipping themselves with a compliant cloud-based platform 
that allows them to monitor performance, analyze in real-time, and 
optimize every stage of manufacturing through to distribution is critical. 
This will lead to huge breakthroughs in performance and capabilities and 
free up employees to do the best work that they can do. 

PHARMTECH: Is this trend exclusive to pharma, or is this as critical to 
contract manufacturing organizations (CMOs)/CDMOs? 
VITALIE: As we’re seeing more partnerships formed between large pharma and 
CDMOs, CDMOs are growing rapidly because of the market pressures forcing 
more externalization of manufacturing. CDMOs do not have the benefit of the 
margins that come from selling drugs in the marketplace—they work with very 
thin margins and have to be very efficient at what they do, which means they 
rely on the adoption of new technologies and finding new ways to be efficient, 
reduce costs, and still deliver the highest quality products possible. So, then 
the question is how do they differentiate themselves from hundreds of other 
CDMOs? And AI is the answer: putting AI to work in a way that helps them 
achieve those objectives quickly, predictably, and more transparently with the 
lower risk that accompanies having a qualified AI-capable manufacturer.  

PHARMTECH: How can AI be translated to the uniquely demanding 
industry of biopharma? Is the use of these technologies a must-have or 
more just nice to have for those starting their digital transformation? 
VITALIE: The key is getting out of the prototyping/proof-of-concept mode 
and putting these capabilities into manufacturing. The industry can 
predict certain things with high accuracy, but since the algorithms are not 
qualified or the data is not validated, they can’t automate the step from 
those predictions to changes in manufacturing. Aizon can do this. We 
purpose-build our platform to validate data from any source, whether it’s 
structured, unstructured, environmental, etc., and bring it into our system. 
At the point of collection, that data becomes compliant because our 
technology is GxP compliant. That gives you tremendous power to run the 
predictive models and know the status of your production at any stage/
time, and then make changes based on those predictions. All three types 
of our platform have a digital audit-trail embedded that tracks every byte 
of data and interaction, so all users know where the problems are and can 
quickly identify the root causes. All this is monitored in real-time, and where 
changes to the platform, software, etc., might reduce risk to the outcome 
of the production line or batch is visible to each stakeholder, so they have 
time to make changes or avoid changes they shouldn’t make. 

Our mission is to find ways to meet customers where they are in their 
digital journey, regardless of their digital maturity level, and to create 
solutions enabling them to accelerate their manufacturing transformation. 
We know every customer has challenges in terms of managing data, and 
they need to find a good strategy to mature their digital capabilities, and 
our platform and applications are designed to help them accelerate that 
maturity curve and get into new levels of performance, so we stand ready 
to lean into these partnerships to achieve the highest levels of customer 
success in the industry. 

https://www.aizon.ai
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This is the year in which manufacturers will have the 
courage to bet on data aggregation and AI solutions that 
help them grow their capacity, moving away from pilot 
mode and embedding those tools as foundational assets. 

PHARMTECH: The dawn of digital transformation for the pharmaceutical industry was 
announced more than a decade ago yet most are barely initiating that change, especially 
when it comes to manufacturing, even if the associated benefits seem obvious. Why do you 
think this is the case? 
VITALIE: The biopharma industry is under tremendous pressure from the COVID-19 pandemic, 
interruptions to the supply chain, increasing pressure to get products to market, personalized 
medicine putting demands on manufacturing, and overall, more competition globally. The biggest 
driver we’re seeing is the increasing pressure to externalize manufacturing operations. It is a 
phenomenon that was occurring before the pandemic, but it has exponentially increased, and more 
companies are going in this direction and relying on partnerships to meet the demands they have 
for the products. 

PHARMTECH: How has the pandemic shaken the market? 
VITALIE: It put a big spotlight on the fact that our industry has been lagging behind almost all 
other major industries in terms of adopting digital strategies and transforming their manufacturing 
capabilities. Most of this is due to decades-long use of well-defined and well-understood processes 
and relying on quality to be the primary measure of success in the manufacturing process. There was 
not pressure to begin or accelerate this transformation until the pandemic—it was happening but 
not across market segments at scale. The larger companies were investing considerable R&D and 
innovation dollars to experiment, but they hadn’t put most of these breakthrough capabilities into 
production. The other focus that has shifted is companies were primarily focused on getting products 
to market, gaining market share with each of their products and increasing commercialization 
capabilities and effectiveness—manufacturing took a backseat to all of that. But there is a massive 
trend that is building momentum: to digitally transform manufacturing across all types and sizes of 
companies around the globe—they must find ways to move forward on this journey. 

PHARMTECH: What industry use cases for biopharmaceutical manufacturing are showing a 
clear return on investment (ROI) and in what sort of timeframe? 
VITALIE: The efforts to increase yield and use equipment from different vendors to gain efficiencies 
have been in place for years. But by installing a hybrid set of equipment or having different 
strategies to achieve the objectives of manufacturing, manufacturers have created silos of data—
this problem is compounded due to every vendor continuing to sell add-on technology that is 
proprietary to their systems and technical capabilities. Until Aizon, there hasn’t been a way to put 
an easy-to-deploy, unifying layer of data technology on top of all that legacy equipment, paper 
records, and software systems to access that information and make it usable in a way that can drive 
higher efficiencies, higher yields, and lower costs while delivering tangible value quickly, especially 
as compared to the traditional timeframes. 

Smart Manufacturing: 
From Pilot to Production

John Vitalie
CEO
Aizon

More recently, artificial intelligence (AI), as we have introduced it into 
predictive maintenance for equipment, is reducing unplanned downtime. 
In addition, customers are implementing deviation-reduction strategies 
across multiple sites, technology transfers to scale more effectively at lower 
costs, and, overall, they can share insights on the performance of lines 
and sites, at a global level, to decision-makers who need to be informed to 
make better decisions in a timelier way using real-time data to understand 
what’s happening on the operator level. All this combined is creating an 
environment where chief quality officers and their teams are more involved 
in the front-end of designing these strategies rather than just reacting 
and doing their best managing corrective and preventive actions (CAPAs), 
doing testing and validation, and reporting post facto. 

PHARMTECH: Is this the year we’ll see that tipping point in which the 
pharmaceutical industry moves from pilot to full deployment, and if 
so, why now? 
VITALIE: It boils down to increasing pressure in the market, displacement 
of supply chains companies bringing manufacturing capabilities back to 
their home base, particularly in the United States. Government funding is 
also playing a role in helping companies scale up production. We’re seeing 
innovative companies in every major manufacturing area come to market 
with manufacturing capabilities that weren’t there just two years ago. The 
“now” factor is that there’s been pent-up demand to scale out production 
and increase efficiency, requiring new processes and the embracement of 
cloud technology. The only way to do that is to implement platform-based 
technology to leverage valuable data, AI and real-time monitoring, to 
get that quantum leap of improvement that is needed in the industry to 
meet the demand. We must move now and get these improvements into 
mainstream production on a global scale. 

PHARMTECH: What’s necessary to take that leap? 
VITALIE: Companies must have a strategy around adopting and leveraging 
cloud-based technology. Aizon has a fully developed and validated platform 
that’s been scaled to multiple sites and for multiple use cases with large and 
mid-sized companies. By building on AWS, we were able to leverage the 
world-class security they provide, which enabled us to build more value for 
customers and partners using other components. We remain very focused 
on applying our industry and process expertise to deliver out-of-the-box 
functionality based on the user and industry requirements. There is no need 
to build these things from off-the-shelf tools or platforms when applications 
from Aizon are available without restrictions from legacy systems and 
manual processes—our platforms are designed based on best practices, 
automation, and enhancing the skills of the end-user to free up time and 
support decision-making when it matters most. Cloud-based technologies 
take manufacturing to the next level so they can more predictably deliver 
better outcomes, therefore creating a sustainable competitive advantage. 

Another thing to note is the combination of breaking down data silos and 
getting IT to focus on working with the operating technology teams and 
the operators to collaborate on how to achieve the targeted outcomes. 
Every company needs to have a strategy around change management; 
they need to know how to make investments in technology, provide a 

high ROI and achieve the goals when they need to achieve them—change 
management is critical to making that happen. Again, having a platform 
strategy and equipping themselves with a compliant cloud-based platform 
that allows them to monitor performance, analyze in real-time, and 
optimize every stage of manufacturing through to distribution is critical. 
This will lead to huge breakthroughs in performance and capabilities and 
free up employees to do the best work that they can do. 

PHARMTECH: Is this trend exclusive to pharma, or is this as critical to 
contract manufacturing organizations (CMOs)/CDMOs? 
VITALIE: As we’re seeing more partnerships formed between large pharma and 
CDMOs, CDMOs are growing rapidly because of the market pressures forcing 
more externalization of manufacturing. CDMOs do not have the benefit of the 
margins that come from selling drugs in the marketplace—they work with very 
thin margins and have to be very efficient at what they do, which means they 
rely on the adoption of new technologies and finding new ways to be efficient, 
reduce costs, and still deliver the highest quality products possible. So, then 
the question is how do they differentiate themselves from hundreds of other 
CDMOs? And AI is the answer: putting AI to work in a way that helps them 
achieve those objectives quickly, predictably, and more transparently with the 
lower risk that accompanies having a qualified AI-capable manufacturer.  

PHARMTECH: How can AI be translated to the uniquely demanding 
industry of biopharma? Is the use of these technologies a must-have or 
more just nice to have for those starting their digital transformation? 
VITALIE: The key is getting out of the prototyping/proof-of-concept mode 
and putting these capabilities into manufacturing. The industry can 
predict certain things with high accuracy, but since the algorithms are not 
qualified or the data is not validated, they can’t automate the step from 
those predictions to changes in manufacturing. Aizon can do this. We 
purpose-build our platform to validate data from any source, whether it’s 
structured, unstructured, environmental, etc., and bring it into our system. 
At the point of collection, that data becomes compliant because our 
technology is GxP compliant. That gives you tremendous power to run the 
predictive models and know the status of your production at any stage/
time, and then make changes based on those predictions. All three types 
of our platform have a digital audit-trail embedded that tracks every byte 
of data and interaction, so all users know where the problems are and can 
quickly identify the root causes. All this is monitored in real-time, and where 
changes to the platform, software, etc., might reduce risk to the outcome 
of the production line or batch is visible to each stakeholder, so they have 
time to make changes or avoid changes they shouldn’t make. 

Our mission is to find ways to meet customers where they are in their 
digital journey, regardless of their digital maturity level, and to create 
solutions enabling them to accelerate their manufacturing transformation. 
We know every customer has challenges in terms of managing data, and 
they need to find a good strategy to mature their digital capabilities, and 
our platform and applications are designed to help them accelerate that 
maturity curve and get into new levels of performance, so we stand ready 
to lean into these partnerships to achieve the highest levels of customer 
success in the industry. 
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Scaling Up Capacity for Cell Therapies
The booming cell therapy market has created a need for 

capacity that outsourcing partners are ready to fill.
SUSAN HAIGNEY

A s cell and gene therapies continue to grow as 
novel treatments for unmet medical needs, bio-
pharmaceutical companies will need to assess 

their options for meeting production demand. Two cat-
egories of cell therapies represent different production 
processes: autologous products use the patient ’s own 
cells, and allogeneic products are manufactured using 
tissue from a healthy donor. 

BioPharm International spoke with Joe Codamo, PhD, 
head of Global Cell Therapy Business, Catalent, and 
Jose Cruz, director of Vector Manufacturing at Genezen, 
about the challenges of scaling up the production of cell 
therapies and ensuring capacity is met.

SCALING UP TO COMMERCIAL
BioPharm: What are the specific needs for scaling up 
commercial production of cell therapies?

Codamo (Catalent): Autologous and allogeneic 
therapies are at various stages of their product lifecy-
cles, with some shared and some unique manufacturing 
needs. The starting material for autologous products 
can be highly variable given the disease state of the 
patient. The ‘vein-to-vein’ process lead time is crit-
ical , so the manufactur ing, product test ing, and 

release timelines should be compatible. For allogeneic  
therapies, the scale-up and generation of a reproducible 
cell expansion process is key, as well as robust formu-
lation and high-throughput fill/finish capacity. Shared 
needs include implementing a secure, robust supply 
chain that can support the necessary scale, throughput, 
and reproducibility needed once a product has been 
commercialized. The associated cost of goods must be 
appropriate, especially as some may become second- or 
even first-line treatments.   

Cruz (Genezen): There are several challenges that 
all developers can expect to face when scaling up cell 
therapies to commercial production. A key need is to 
manage variability seen in development data that can 
be magnified upon scale-up. A structured quality-by- 
design (QbD) development approach fit to transi-
tion into commercial manufacturing upon regula-
tory approval will also need to be implemented. With 
increasing IND [investigational new drug] applications 
for novel and innovative cell therapies, it is likely that 
existing processes will not easily fit to new projects. It 
is therefore essential that critical core technologies are 
developed in a way to allow quick tailoring to these 
specialized processes.

Outsourcing
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BioPharm International spoke with Colleen Floreck, vice 
president, Global Marketing and Strategy, Catalent Cell 
and Gene Therapy about the specific requirements and 
challenges for expanding production of viral vectors. 

BioPharm: What were the main drivers for the 
manufacturing expansion?  

Floreck (Catalent): The gene therapy market has 
continued to grow at a high rate, with almost 100 new 
companies and over 900 assets in the pipeline in 2021.  
With this continued growth of gene and cell therapies, 
comes an increase in the demand for viral vectors and full-
scale production capabilities so that companies can fast-
track their molecule(s) to the clinic. 

As viral vector-based therapies expand into indications 
with larger populations with higher incidence, for example 
hemophilia, and systemic administrations as opposed to 
localized (such as for the eye), the need for larger batch 
sizes is growing.  Catalent has seen increased demand both 
from companies with no in-house manufacturing capacity, 
as well as Big Pharma and others that need back-up or 
secondary suppliers. To help address the increasing need 
for manufacturing capacity across the viral vector market, 
including viral vaccine and oncolytic virus assets, and to 
continue to grow with our customers’ futures in mind, 
Catalent has made strategic and aggressive investments in 
manufacturing technology and capacity.

In anticipation of market demand, Catalent secured extra 
space at its Harmans, Maryland commercial campus to add 
further suites to the network, while capitalizing on its local, 
established process development, quality, and regulatory 
teams. Additionally, learnings from previous production 
at the first commercial facility at the campus allowed the 
creation of an innovative layout to maximize and optimize 
the space. This new capacity will allow Catalent to be more 
flexible and able to rapidly pivot for customers.

BioPharm: Are there any other bottlenecks/supply-chain 
constraints affecting this part of manufacturing?

Floreck (Catalent): There are several bottlenecks that 
affect viral vector manufacturing, some of which are not 
exclusive to the cell and gene industry. For viral vector-
based therapies, plasmid DNA (pDNA) is a critical raw 
material required for production, and often has long lead 
times (up to 12 months). With only a limited number of 
vendors offering GMP [good manufacturing practice]-
grade material, this can affect their overall timeline.

Additionally, the single-use bioreactors used in the 
manufacturing process require consumables such as bags, 
which are used by more than just the cell and gene therapy 
industry. Each vendor’s bioreactor uses a specific bag 
configuration, so priority for the bags between viral vector 
manufacturers and those producing COVID vaccines can 
sometimes be challenging.

Another source of bottleneck can be analytical testing; 
as many analytical tests are outsourced to CROs [contract 
research organizations], some viral vector manufacturers 

are reliant on the timelines, and throughput of the 
CRO for their results and delays in results can impact 
manufacturing schedules.

BioPharm: What are the biggest challenges for this type 
of manufacturing? 

Floreck (Catalent): Adeno-associated virus (AAV) 
manufacturing faces many challenges including low vector 
yields, purification to separate empty and full capsids, and 
highly technical raw materials such as pDNA.  

Catalent is committed to continuous improvement to help 
assure quality, de-risk processes and avoid CMC [chemistry, 
manufacturing, and controls] issues. This necessitates 
consistent incorporation of our learnings, combined with 
the latest developments in CGMP manufacturing into our 
new and existing facilities and operations. By applying 
the expertise we have gained from the past three years 
of operating our flagship gene therapy commercial facility, 
we are now able implement a design layout with state-
of-the-art technologies and systems in our expansion 
that are innovative, efficient, and provide flexibility for our 
customers. 

Seamlessly combining plasmid manufacturing with our 
cell and gene therapy services helps to remove waiting on 
third-party timelines, offers customers better control of raw 
material availability, and allows for simplified transfer into 
viral vector manufacturing, as well as easier/streamlined 
planning and control of manufacturing timelines.

BioPharm: Are there any other key technologies/
innovations for ‘state-of-the-art’ viral vector manufacturing 
(e.g., single use systems, automation)?

Floreck (Catalent): The implementation of single-
use systems in viral vector manufacturing provides 
many benefits including using lesser amounts of natural 
resources, such as water and power. Adherent and 
suspension-based systems are available and in use for 
viral vector manufacturing. Converting from adherent to 
suspension-based processes allows for scaling-up, rather 
than scaling-out, and removes the need for animal-based 
materials. Single-use systems can allow for standardization 
of manufacturing, which can, in turn, help meet aggressive 
and expedited timelines and potentially reduce 
manufacturing costs to better address the large therapy 
costs facing patients.

Innovative solutions to address purity, automate testing, 
or provide higher throughput can also help alleviate 
some of the manufacturing obstacles. Improvements in 
transfection reagents and the development of scalable, 
robust, easily transfected clonal cell lines can help produce 
high viral vector titers, while new affinity resins, especially 
those that are re-usable, can help address the empty versus 
full particle challenge. High-throughput analytical systems, 
including those that use new technologies to evaluate 
critical quality attributes, will again help to manufacture 
safer and more effective therapies.

—Jennifer Markarian

Expanding Viral Vector Manufacturing
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ANTICIPATING CAPACITY
BioPharm: Are there specific con-
cerns regarding capacity for cell 
therapies?

Cruz (Genezen): The upsurge 
of IND applications in the cell ther-
apy space has led to an increasingly 
crowded pipeline. Cell manufactur-
ing technologies are typically very 
specialized, as opposed to ‘one-size-
fits-all,’ resulting in further capacity 
challenges due to the requirement for 
highly customized processes.

It is essential that pharmaceuti-
cal companies can quickly and thor-
oughly characterize and release vector 
technologies. This will enable genera-
tion of qualified data that can sustain 
a candidate through clinical trials, as 
well as supporting the transition into 
commercial manufacturing. However, 
increasingly crowded pipelines can 
impede these processes.

With cell therapies using autolo-
gous (patient) cells specifically, such 
as CAR [chimeric antigen receptor] 
therapies, we see a need to ensure suf-
ficient physical capacity to manage 
the different cells for facility process-
ing. This is due to the requirement 
for isolation and separate cleanrooms 
when working with patients’ cells for 
clinical trials. 

This work is predominantly manual, 
but there are self-contained systems 
available; there are moves towards 
automating transduction and expan-
sion of patient’s cells in the future. 

Codamo (Catalent): As the 
number of cell therapies in the clin-
ical pipeline grows and more reach 
later-phase studies, demand for late-
stage and commercial-scale manu-
facturing is growing correspondingly. 
This demand will only increase as 
market acceptance expands and cell 
therapies are potentially introduced at 
earlier stages of a patient’s treatment. 
The CDMO [contract development 
and manufacturing organization] 
industry has taken steps to help 
address the growing demand, as evi-

denced by the significant number of 
acquisition and expansion announce-
ments in manufacturing capacity 
made over the past few years. Getting 
new facilities online, staffing with 
appropriately experienced scientific 
and technical personnel, and having 
a robust supply chain to meet the 
markets’ needs are concerns for all 
advanced therapies, including cell-
based ones.

“When evaluating 
a potential 

manufacturing 
partner, it is 
important to 

understand what its 
scale-up strategy is.”

— Joe Codamo, 
Catalent

BioPharm: What are the steps 
for ensuring a contact partner has the 
capacity to manufacture cell therapies 
to commercial scale?

Codamo (Catalent): When eval-
uating a potential manufacturing part-
ner, it is important to understand what 
its scale-up strategy is. For example, 
has it designed or optimized its infra-
structure to deliver larger-scale and/
or higher throughput, and is it work-
ing with its own supply chain to help 
assure high-quality production and 
consistent material quality? CDMOs 
should have a clear technical transfer 
and ramp-up strategy to go from clini-
cal to commercial manufacturing. This 
[strategy] includes a process valida-
tion strategy and the supportive studies 
to demonstrate process and analytical 
robustness. Finally, the CDMO should 

have a global strategy to prepare 
for, and support, commercial launch, 
including topics spanning communi-
cation with regulatory authorities to a 
robust strategy for business continuity 
(staffing, material contingency, facility 
operations, etc.).

Cruz (Genezen): One of the big-
gest concerns highlighted by clients 
is the need to find a CDMO offer-
ing both the roadmap to commercially 
manufacture cell therapies as well 
as the technical skill set to solve the 
inevitable challenges along the way. 
Selecting a partner with future com-
mercial capacity while demonstrating 
cross-industry experience in the clinic, 
regulatory, and manufacturing sciences 
is key to successful commercialization, 
but they can be difficult to find. 

Once a suitable partner is identified, 
early engagement between developers 
and the technical team is needed to 
develop a ‘best-launch’ process with an 
overarching aim to create a ‘best-in-
class’ scope of work.

OUTSOURCING CELL  
THERAPY PRODUCTION
BioPharm: What are the benefits 
of outsourcing the production of cell 
therapies?

Cruz (Genezen): Outsourcing 
cell therapy production has many 
benefits, particularly for smaller and 
younger companies with limited 
financial capital aiming to minimize 
the fixed costs that can be associated 
with building physical infrastructure. 

Wo r k i n g  w i t h  a  d e d i c a t e d 
CDMO partner also provides access 
to cross-functional expertise f rom 
process development, manufactur-
ing sciences, operations, engineer-
ing, quality assurance, and regulatory. 
The seasoned expertise offered by 
CDMOs can act to bridge the path 
between discovery and clinical, as 
well as development and commercial 
manufacturing.

Working with CDMOs that have 
standardized development processes 

Outsourcing
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built  on QbD principles while 
offering tailored-fit technologies to 
manage inherent variability of cell 
processes will also help to increase 
speed to market.

Codamo (Catalent): An out-
sourced manufacturing partner can 
offer scalability, quality, and the 
regulatory experience gained f rom 
producing a variety of products 
and modalit ies. A CDMO pro-
vides opportunities for supply-chain 
streamlining and the leveraging of 
strong, global supply arrangements, 
as well as the necessary manufactur-
ing capacity to help an early-stage 
cell therapy company ready itself for 
production within fast-paced time-
lines. CDMOs that can support end-
to-end services including starting 
materials (plasmid DNA, viral vec-
tors) and clinical logistics can sim-
plify the supply chain. Outsourcing 
allows companies to avoid invest-
ing in CGMP [current good man-
ufacturing practice] facilities, which 
may not be cost effective, and pose a 
financial risk when product demand 
and its clinical or market success 
is unknown.

BioPharm: What are the chal-
lenges of outsourcing cell therapy pro-
duction?

Codamo (Catalent): These can 
include the management of timelines 
and communication with manufac-
turing partners, especially if multiple 
partners are involved in the process. 
Gene-enabled cell therapies require 
viral vector manufacturing as well as 
the production of the final product, 
and manufacturing of the cell therapy 
cannot begin until the viral vector is 
available. The cell therapy company 
may need to manage the communica-
tion between the CDMOs and their 
timelines, or if using a single man-
ufacturing partner with integrated 
services, ensure that the partner pro-
vides one main point of contact and 
streamlines the integration between 
the supply chain stages.

Cruz (Genezen): As well as the 
challenge of identifying a CDMO 
offering both expertise and capac-
ity, it is also necessary to ensure the 
availability of this capacity in the 
required timeframe and availability 
of analytical technologies. 

“Developers 
looking for a 

CDMO partner 
should also 

consider whether 
they are looking 

for a short or long-
term investment.” 

—Jose Cruz, 
Genezen

T h e s e  a n a l y t i c a l  m e t h o d s 
include master cell bank (MCB) 
and vector product release test-
ing, RCL assays, HEK293T host 
cel l  protein (HCP) assays, and 
others that are essential in deter-
mining quality at different stages 
of the process.

Developers looking for a CDMO 
partner should also consider whether 
they are looking for a short or long-
term investment. If they envisage the 
project scaling up from discovery to 
clinical supply and then to commer-
cial manufacturing, they must deter-
mine whether they wish to eventually 
bring specific steps in-house. If aim-
ing to bring the product to market 
with support f rom a CDMO, they 
should determine whether their part-
ners have these capabilities early in 
the project ’s lifetime to ease transi-
tions and avoid delays.

BioPharm: What is the ratio of 
in-house vs. outsourced production of 
cell therapies? Do you see the industry 
increasing the amount of outsourcing 
for these therapies?

Codamo (Catalent): For small-
scale needs, such as in the early-phase 
studies, we estimate that more 
in-house production is currently con-
ducted. However, once either larger 
batch sizes are needed, or a wider dis-
tribution of manufacturing is necessary, 
the ratio of in-house to outsourced 
manufacturing changes. Outsourcing 
partners with established clinical sup-
ply capabilities as well as manufac-
turing expertise are better suited to 
manage larger scale or larger numbers 
of batches and the vein-to-vein logis-
tics. For those with in-house capabili-
ties, there is the potential for secondary 
and back-up supplies to be provided 
from outsourcing partners as therapies 
receive worldwide approval.

Cruz (Genezen): Currently, the 
ratio of in-house to outsourced viral 
vector manufacturing is around 40:60 
with lentiviral vector and adeno-as-
sociated viral vector manufacturing 
constituting 66% of total projects (1). 
Outsourcing is expected to further 
increase to 68% in the next five years. 

Cell therapies using allogeneic 
(donor) cells, as opposed to autolo-
gous cells, could drive greater out-
sourcing. As managing or handling 
autologous cells is a critical step, com-
panies are often keen to keep this 
process in-house. Unlike autologous 
cells, allogeneic cells have the poten-
tial to be produced in one large batch 
before being packaged into individ-
ual doses. Although less personalized, 
these therapies require processes that 
are much more manageable at large 
scale as compared with autologous 
cell handling and may be more suited 
to outsourcing.  

REFERENCE
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Put a Cap on CAPAs  
Data may be used to improve (or remove)  

a corrective action/preventive action.
SUE MARCHANT

B eing cautious is a good thing, especially when it comes to 
product quality and safety. Pharmaceutical companies, in 
particular, have to be aware of this. Products that can save 

patients’ lives can adversely affect them with a relatively small 
change. That’s why some pharma companies immediately open 
a corrective action/preventive action (CAPA) when something 
unexpected occurs. No one could accuse these companies of 
not giving a quality event the gravitas it deserves. However, this 
method is a recipe for overworked quality managers.

A more moderate approach is warranted, but deciding 
which events go to CAPA and which don’t requires a risk-
based approach that uses advanced analytics and digital 
tools to guide the quality department in its decision-making. 
Eventually, the use of artificial intelligence (AI) can take much 
of the guesswork out of determining if a CAPA is needed, 
finding the root cause, and even carrying out remediation.

NOT ALL ROADS LEAD TO CAPA
A deviation, nonconformance, or out-of-specification result can 
indicate a significant problem with a product. However, it can 
also indicate an operator was having a bad day, which led to an 
isolated event. There’s a whole spectrum of how serious a quality 
event is, and not all of those should lead to a CAPA. That said, 
why do some companies seem a bit too eager to CAPA?

At least part of the problem is a lack of visibility. CAPA 
should be based on risk. But risk needs to be determined 
by frequency and severity. In some cases, severity can be 
straightforward just based on a single event. However, fre-
quency by nature requires multiple data points. Without a 
consistent, electronic way of documenting CAPA, pharma 
companies can’t analyze their events to determine if a CAPA 
is necessary. Hence, the dependence on the CAPA process.

THE DATA SOLUTION TO CAPA
As with so many quality problems, this one can be solved 
by data. If a quality management system (QMS) makes it 
difficult to track and trend quality events, finding patterns or 
determining root causes is difficult. McKinsey & Company 
found that “advanced analytics is the linchpin of transform-
ing the investigation process” (1). Without it, finding the 
root cause for the event and making sure the right preventive 
and corrective actions are in place can be a months-long pro-
cess. Capturing that data in an electronic format and using a 
system that can connect all that data is the first step.

Quality/Regulations

SUE MARCHANT is senior vice president of Product at MasterControl.
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Technology has advanced to the point 
that there are multiple ways to do this. 
Ideally, a pharma company can use a sys-
tem that has multiple components that 
can be used throughout its organization 
(e.g., a quality system that connects to 
the manufacturing line for consistency in 
standard operating procedures [SOPs] 
and work instructions). Because reality 
is often less than ideal, systems that can 
integrate with each other also provide 
that single source of truth. For example, 
connectors that let the enterprise resource 
planning (ERP) system exchange infor-
mation with the QMS.

Once those data are connected, they 
can be analyzed. This can be done by 
doing a data dump into Microsoft Excel 
or by using a business intelligence solu-
tion. It’s becoming more common for the 
QMS, ERP, or other enterprise software 
to provide analytics capabilities as part of 
its solution. These programs enable qual-
ity professionals to find the relationships 
and causal factors and point them toward 

a possible root cause. A good example of 
this is with natural language processing 
(NLP), a subset of AI that can under-
stand free text in much the same way as a 
human can. This is invaluable if the data 
collection involves those fields. In cus-
tomer complaints, the same problem with 
a pharmaceutical could be described as 

“makes me nauseous,” “I feel queasy,” and 
“makes me sick to my stomach.” Rather 
than having a human go through that 
information, NLP quickly determines 
that all these complaints are related.

When a pharma company has many 
of the same or similar issues, it’s usu-
ally an indication that a CAPA is 
warranted. But already having those 
events connected to a single investiga-
tion expedites matters. Now the quality 
professional can focus on the investi-
gation and, with AI, make more confi-
dent assertions about how to solve the 
problem. AI programs can narrow a 
person’s focus to the most likely root 
causes. These programs can further 

use prescriptive analytics to indicate 
what the corrective action should be, 
what other processes could be affected, 
and how to mitigate any possible  
negative effects from it.

AI’s potential in quality management 
isn’t going to replace the people, it’s 
going to augment them. This brings the 
best of both worlds to the investigation 
process by letting AI take care of typical 
leg work and leaving humans to carry 
out work that requires human reasoning. 
An expert from Cognizant pointed out: 
“Decision-making and strategic-thinking 
skills are best performed when workers 
are supported by the insights generated 
by AI and data analytics and freed from 
performing rote and repetitive work by 
intelligent automation” (2).

THE QUALITY  
POTENTIAL OF AI
The more data an AI has access to, the 
more intelligent and accurate it becomes. 
It can eventually launch and populate a 

Quality/Regulations

Performing corrective action and preventive action 
(CAPA) activities is often necessary to investigate 
a manufacturing deviation and prevent it from reoc-
curring. BioPharm International asked Joe O’Gorman, 
head of Global Operations at LZ Lifescience, a Cog-
nizant Company, about the role technology plays in 
performing CAPAs.

BioPharm: How can technology be used to prepare 
and perform CAPAs?

O’Gorman (LZ Lifescience): When applied to manage 
quality systems, connected digital technologies and 
software offer managers a common set of tools and 
the rich high-integrity data they need to enforce the 
process of CAPA and its compliant management relative 
to regulators. Resolving a CAPA-causing event, for 
example, is accelerated, made more efficient and reliable 
with real-time traceability, automated notifications, and 
escalations management. Digital systems not only 
support efficient CAPA management they allow the 
entire enterprise to access CAPA information.

BioPharm: How can technology be used to track 
the progress of CAPAs and the impact of changes on 
products and processes?

O’Gorman (LZ Lifescience): With routine data 
capture and reporting automated, quality staff can 

leverage digital technology to build a detailed history 
of events and then mine and analyze [these] data 
to obtain a richer knowledge of root causes. With a 
well-integrated CAPA management platform, quality 
teams also have the ability to clearly assign ownership, 
notify various people/groups, and better manage and 
connect all collaborators to resolve CAPA-triggering 
events. With automated workflows to manage the 
CAPA process itself and automated reporting to 
monitor status as it moves through it, operators can 
achieve a much clearer and direct view of CAPA 
progress in real time.

BioPharm: How can technology be used to anticipate 
potential problem areas that might need a CAPA plan?

O’Gorman (LZ Lifescience): With real-time visibility 
and the ability to track the age of each action and 
escalate action automatically with email or an SMS alert, 
a CAPA management platform allows managers to 
better understand events and the necessary response. 
With historical root-cause analysis at their fingertips 
and a clearer view and reporting of actual outcomes, 
managers can apply these learnings to operations to 
prevent potential problems in the first place.

—Susan Haigney

Technology and CAPA
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CAPA based on risk or a trend related 
to a quality event. As previously men-
tioned, it can tie multiple related quality 
events together. Just as CAPAs touch 
other aspects of quality, AI’s benefits 
extend to all areas of quality.

Some other practical uses of AI in 
pharma include:

• Predicting the delay in product 
release based on a deviation

• Predict when a quality event will 
result in complaints

• Recommend updates to a training 
course based on errors that occur 
during production

• Warn a pharma company when a 
batch may lead to a recall, incident, 
or adverse event.

This is just a small list of examples, 
but it gives an accurate depiction of what 
quality management can look like when 
AI is used. All the tedious, repetitive 
tasks that quality professionals do right 
now can be handled by automation, data 

analytics, and AI, leaving employees to 
focus on more important projects.

CONCLUSION
CAPA doesn’t have to be the tedious, 
time-consuming process it usually is. The 
technology to provide these benefits is 
available right now. However, purchasing 
these solutions today doesn’t mean they 
could immediately perform as mentioned 
above. The real benefits of AI come over 
time as more data are included and the 
algorithm becomes more accurate.

Pharma companies are already expe-
riencing benefits from data and AI. For 
proof, “look no further than COVID-
19 vaccine development. Companies 
shattered previous vaccine development 
records due to their ability to capture, 
store, process, and analyze machine data” 
(3). This progress isn’t limited to the 
pharma companies that were focused on 
vaccine development either. It’s spread 
across the entire life science industry.

A report from Cognizant revealed that 
73% of life sciences companies have at 
least started projects to use data analyt-
ics and 68% have started projects to use 
AI (2). If a company doesn’t plan to start 
similar projects, catching up is only going 
to get more difficult as time goes on. On 
the plus side, a pharma company doesn’t 
need to send its employees back to school 
or hire AI experts to start this journey. AI 
solutions can help quality professionals 
improve their decision-making now, low-
ering the number of quality events that 
turn into CAPAs, shortening the investi-
gation time, and decreasing the chance of 
issues recurring.
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Ask the Expert

Experts Susan J. Schniepp, distinguished fellow for Regulatory Compliance 
Associates, and Steven J. Lynn, executive vice-president, Pharmaceuticals for 
Regulatory Compliance Associates, discuss the verification of compendial methods.

Q: Are compendial methods considered 
validated?

A: According to the pharmacopoeias, com-
pendial methods are validated. The United 

States Pharmacopeia–National Formulary (USP–NF) 
states “… users of analytical methods described in 
USP–NF are not required to validate the accuracy 
and reliability of these methods but merely verify 
their suitability under actual conditions of use” (1). 
The European Pharmacopoeia (Ph.Eur.) also consider 
their methods validated, stating, “The analytical 
procedures given in an individual monograph have 
been validated in accordance with accepted scien-
tific practice and recommendations on analytical 
validation. Unless otherwise stated in individual 
monograph or in the corresponding general chap-
ter, validation of these procedures by the user is not 
required” (2). The fact that the supporting valida-
tion information for pharmacopeial methods is 
retained by the compendial authorities and not by 
the users of the methods does not change the fact 
that the official methods in these publications are 
supported by validation information.

This does not mean that the user can just use 
the methods as is. The methods need to be veri-
fied as suitable for use in the user’s laboratory. 
The USP–NF and the Ph.Eur. describe the require-
ments for verification in their respective compen-
dia. The USP–NF and Ph.Eur. explicitly require that 
compendial procedures demonstrate suitability 
under actual conditions of use (1,2). The European 
Directorate for the Quality of Medicines (EDQM) 
stipulates on their website, “When implementing 
a Ph.Eur. analytical procedure, the user must assess 
whether and to what extent its suitability under 
the actual conditions of use needs to be demon-
strated according to relevant monographs, general 
chapters, and quality systems. In other words, it 
is the user’s responsibility to transfer the proce-
dure correctly” (3). Once a monograph has been 
established and it is accepted that the published 
method is validated, users of the monograph need 
to verify that the method is suitable for determin-

ing the quality of their product. The purpose of 
verification is to establish that the official method 
is reproducible when used by others. The task for 
the users of the monographs is to prove the pub-
lished method is reproducible for their company’s 
product tested by their analysts in their laborato-
ries using their equipment. There is no absolute 
guidance for verification requirements. Companies 
must decide for themselves how they will establish 
the method is verified and suitable for their prod-
uct. However, the requirements for test method 
verification will depend on the complexity of the 
method. Chromatographic methods should, at a 
minimum, meet the system suitability require-
ments defined in the official method. Method 
performance can be accomplished by using perfor-
mance characteristics such as blanks in chemistry 
or un-inoculated media in microbiology, labora-
tory control samples and spiked samples for chem-
istry, or positive culture controls for microbiology 
to assess accuracy. Technique-dependent method-
ologies should not require verification. 

To simplify activities, many companies trans-
late monograph instructions into laboratory pro-
cedures. To minimize any compliance risks, the 
company should establish a baseline comparison 
between the official monograph and the internal 
testing documents. In addition to precision, accu-
racy, ruggedness, and robustness, the reader may 
also want to consider reference standard usage, sys-
tem suitability requirements, or other parameters 
that may help establish equivalency to the com-
pendial methods. The criteria listed above should 
not be considered all-inclusive in establishing that 
an internal method complies with the official 
pharmacopeial method. User’s may have other 
requirements to consider for their laboratory usage.
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of Cygnus Technologies. AVIPure is a registered trademark of Aviti de. PER.C6 is a registered 
trademark of JANSSEN VACCINES & PREVENTION B.V.; CAP is a registered trademark of 
CEVEC Pharmaceuti cals GmbH.

Our product line continues to grow to serve your needs as 
you develop critical cell and gene therapies and vaccines.
We know you need to scale up and quality control quickly 
and efficiently with the highest level of confidence.

•  Host cell protein (HCP) ELISA Kits for viral vector and
vaccine manufacturing and QC:

  HEK293 • Sf9 • BHK • HeLa • A549
MRC5 • PER.C6® • CAP® • Vero • MDCK

• Process-Related Impurity ELISA Kits:
  EndonucleaseGTP® • BSA • HSA • Human Transferrin

Insulin • AVIPure® – AAV9 Ligand

•  Host Cell DNA Extraction and Human Host Cell DNA 
Detection Kits

• Viral Clearance Kits

Cygnus Custom Development Services ease the burden 
to your staff for process-specific assay development and 
advanced AAE-MS™ orthogonal testing. We work side by side 
with you to ensure your development goes smoothly.

Trust your gene therapy and vaccine development
to the highest quality analytics.

With you all the way.

Quality.
Trust ours to enable yours.

approved CAR-T and
gene therapies use our

technologies for 
product lot release

10 of 10

Learn more at:
cygnusgtp.com/ad

https://www.cygnustechnologies.com/gene-cell-therapy-products
https://www.cygnustechnologies.com/gene-cell-therapy-products


DEVELOPING BIOLOGIC DRUGS IS SCIENCE. 
ACCELERATING ADVANCED TREATMENTS & VACCINES IS ART. 

US + 1 888 SOLUTION (765-8846)   EUR  00800 8855 6178   biologics.catalent.com   © 2022 Catalent, Inc. All rights reserved. 

Successful biologics are built on advanced science, innovative technology and the art of orchestrating 
accelerated development, fast scale-up and reliable manufacturing. 

From antibodies and vaccines to cell and gene therapies, Catalent Biologics is the only partner with the 
proven expertise across the broadest set of superior technologies, integrated solutions and a global 
network to help turn your science into better treatments for patients, faster. 

development | analytical | drug substance & product manufacturing | packaging | supply

WHERE SCIENCE 
MEETS ART. 
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