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Note from the CEO

Proportion,  
Balance, and Restraint

F DA approved 37 drugs in 2022, within the normal range for 
the past decade or so. This is quite impressive for the indus-
try given continuing headwinds thrown off by COVID-19 

working conditions, limiting both productivity and in-person site 
inspections. Twenty-three of these drugs are considered first in 
class, meaning they operate via a unique mechanism of action. 
Most of that group had some speeded-up approval process such as 
accelerated approval, as a breakthrough therapy, fast tracked, or as 
an orphan drug (1).

More than half of these new therapies were for patients with 
rare diseases or who have few or zero other treatment options, 
such as acid sphingomyelinase deficiency (an inherited disease that 
affects the body’s ability to metabolize fat), metastatic or unresect-
able uveal melanoma (a rare cancer that develops in a part of the 
eye called the uvea), and generalized pustular psoriasis (a rare, 
life-threatening skin disease). While psoriasis generally affects 
only approximately 3% of the population, with this pustular variant 
affecting only a tiny percentage of that, there is a moral imperative 
for the pharma industry to help those whom they can. From that 
viewpoint of looking after minorities, scientists, insurers, manu-
facturers, regulators, sales, and marketing teams can be said to be 
somewhat in balance. 

It is a similar story from the European Medicines Agency 
(EMA), approving a record 55 therapies including 21 medicines 
for rare diseases in 2022. Among those approved were a number of 
notable gene therapies for indications in cancer and hemophilia (2).  
Most readers see these headlines without giving much thought to 
the delicate balance required to incentivize research for subsets of 
the population; hemophilia, for example, might otherwise be left 
behind, except for the delicate negotiations required by all stake-
holders to encourage scientists to persevere in deciphering intrac-
table biological puzzles. 

Left alone, the so-called free market might tackle only finan-
cially obvious major disease conditions. The fact that this isn’t the 
case speaks well of the system, and I’d like to suggest a hidden 
benefit in what is learned. From generalized pustular psoriasis 
treatments, we may yet yield benefits for all psoriasis sufferers, 
or from that expensive gene treatment for hemophilia, we might 
uncover advances in gene treatments generally, or for some sickle 
cell related sequalae we are not even currently contemplating. The 
restraint to not target solely the major disease groups has provided 
good proportion and balance for our industry. 

REFERENCES
1. FDA. New Drug Therapy Approvals 2022. FDA.gov. Jan. 

10, 2023 (accessed Jan. 25, 2023).
2. EMA. Medicine Evaluation Figures, Monthly Figures 2022. 

EMA.Europa.eu (accessed Jan. 25, 2023). 
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From the Editor

The Commercial 
Message mRNA 
Products Send

M essenger RNA (mRNA)-based vac-
cines have been largely optimized 
for stability, structure, and delivery. 

Integration of naturally occurring modified 
nucleosides, such as pseudouridine (ψ), reduces cytokine produc-
tion by masking recognition of toll-like receptors, while improv-
ing translation and stability through decreasing activation of 
protein Kinase R and 2′-5′-oligoadenylate synthetases (1). To the 
lay person, these seem esoteric and weirdly fringe pathways. To 
immunologists and molecular biologists, for decades these have 
been pedestrian highway blockages to progress in the field. Success 
here has sent this message, “efforts to expand applications to other 
disease states will pay off in a big way.”

Inside boardrooms and laboratories, fervent activity continues 
to push the boundaries for both vaccine applications, and mRNA 
more generally. With regard to novel delivery in particular, but 
in tandem with efforts to ramp up (by orders of magnitude) dose 
loading capabilities, new intellectual property filings abound. 
Novel strategies from related fields have been tested, rejected, 
modified, and integrated. Cancer vaccine activity has seen huge 
efforts and, to some degree, positive results. While none are cur-
rently approved for standard treatment, early clinical trials with 
mRNA vaccines as monotherapy and in combination with check-
point inhibitors look encouraging (2). There is a cross pollination 
between the fields. But direct translation requires new biological 
thinking. For example, while checkpoint inhibitors appear to work 
most effectively when dealing with multiple DNA damage repair 
mutations in patients, it is unclear what that means when combin-
ing with mRNA treatments. Fundamentally, the industry is at the 
early stages of unraveling what similarities and differences can be 
taken advantage of for mRNA modalities in oncology, infections 
disease, or neural degeneration indications. This new pioneering 
phase of mRNA is loaded with potential, but also obstacles and 
false dawns. That’s what makes commercial mRNA prospects so 
captivating—the hidden biology being unpacked behind the head-
lines. The message here is that success begets success, and biologi-
cal understanding has driven that whole process forward. 

REFERENCES
1. Gal-BenAri, S.; Barrera, I.; Ehrlich, M.; K Rosenblum. PKR a 

Kinase to Remember. Front. Mol. Neurosci. Sec. Molecular 
Signalling and Pathways. 2019, Jan. 9, 2019, 11. https://doi.
org/10.3389/fnmol.2018.00480 

2. Lorentzen, C.; Haanen, J.; Met, O.; Savane, I. Clinical 
Advances and Ongoing Trials of mRNA Vaccines for Cancer 
Treatment. The Lancet, Oncology, October 2022. ◆
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A  detailed report f rom key House 
Committees blasts FDA’s role in advis-
ing, assessing, and providing acceler-

ated approval in 2021 for Biogen’s controversial 
Alzheimer’s treatment Aduhelm (aducanumab). 
The critique calls for changes in agency interac-
tions with manufacturers to more carefully doc-
ument meetings and other communications and 
to clarify the agency’s role in advising sponsors 
on product testing and submissions. 

The joint investigation by the House Energy 
and Commerce Committee and the House 
Committee on Oversight and Reform on FDA 
approval of Aduhelm slams FDA officials for 
failing to record multiple interactions with the 
company, particularly their assistance in devel-
oping Biogen’s briefing documents for a key 
advisory committee meeting (1). 

The Democrat-led panels reviewed hundreds 
of reports and records that document how FDA 
formed a working group with the sponsor that 
engaged in dozens of meetings and more than 100 
calls, email exchanges, and other interactions to 
review research data on the drug. The investigators  
report that FDA staffers helped Biogen revise its 
clinical trials and then surprised all observers with 

its decision to adopt the accelerated 
approval pathway for Aduhelm despite 
questionable efficacy data and opposi-
tion from some agency units. 

Concerns about this unusual collab-
oration in developing and approving 
Aduhelm was compounded by Biogen’s 
high launch price for the drug despite  
limited evidence of treatment value 
and benefit. The Congressional report  
closely examines the company’s deci-
sion to set a price of $56,000 for treat-
ment per year, along with its extensive 
plan for marketing the new drug and 

details on company board meetings to approve 
the program. In the end, Biogen’s strategy failed 
dismally, as the potential for huge outlays for 
Medicare beneficiaries prompted further assess-
ment by the Centers for Medicare and Medicaid 
Services (CMS) that led to highly limited cover-
age of the drug and similar curbs on prescribing 
by insurers and health plans.   

The House report calls on FDA to take actions 
to restore public “trust in the agency’s processes 
and assurances of drug safety and efficacy.” This 
includes fully documenting “all substantive FDA 
interactions with drug sponsors” and developing 
a protocol to address the preparation of joint brief-
ing documents for advisory committees. The leg-
islators also recommend that FDA update industry 
guidance for developing new Alzheimer’s drugs. 

TIGHTENING THE PROCESS
Meanwhile, FDA officials have revised the accel-
erated approval process by limiting time frames 
for manufacturers to conduct requested confir-
matory studies and expanding efforts to remove 
from the market drugs that fail to document 
post-approval efficacy. The agency gained sup-
port for such action from provisions in the 
massive Consolidated Appropriations Act for 
2023 designed to ensure that sponsors conduct 
required post-approval confirmatory studies in 
a timely manner. The legislation clarifies that 
FDA reviewers may require sponsors to begin 
post-approval studies prior to product approval 
and speeds up the process for the agency to 
withdraw from the market drugs that fail to 
confirm anticipated benefits in a timely man-
ner. Sponsors must update the agency on con-
firmatory trial status every six months, and a 
new FDA accelerated approval oversight council 
will review the program and its policies and 
explain rationales for accepting confirming 

Jill Wechsler is  
BioPharm International’s 

Washington editor,  
jillwechsler7@gmail.com.

A Congressional probe of FDA’s approval of Alzheimer’s  
treatment targets the agency’s interactions with drug manufacturers. 

FDA Interactions with Industry Under Scrutiny
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evidence, or for pulling a product 
from the market. 

The agency also addresses con-
cerns about defining study require-
ments for drugs seeking accelerated 
approval in 2022’s revisions to the 
Prescription Drug User Fee program 
(PDUFA), which clarifies the process 
for FDA and industry to assess likely 
requirements for post-marketing 
studies earlier in the development 
process. At the same time, FDA has 
intensified actions on drugs granted 
accelerated approval that fail to 
provide acceptable confirmatory 
evidence of product efficacy in a 
timely manner. 

A big question is whether FDA 
will put off difficult approval deci-
sions when facing questions about 
initial clinical data and uncertainty 
over post-approval assessment. Of 
note is a six-month delay last year in 
approving Relyvrio, a new treatment 
for ALS (amyotrophic lateral sclero-
sis or Lou Gehrig’s disease) devel-
oped by Amylin Pharmaceuticals (2). 
Now all eyes are on FDA’s evalua-
tion of additional Alzheimer’s treat-
ments that target amyloid plaque 
in the brain, as with Aduhelm. 
First up was lecanemab from Eisai 
and partner Biogen (brand name 
Leqembi). FDA met its Jan. 6, 2023 
deadline for granting accelerated 
approval for the drug after review-
ing additional clinical trial results 
last year showing some benefit for 
Alzheimer’s patients (3). The spon-
sors also had to address safety issues 
following deaths of two, or possi-
bly more, patients enrolled in clini-
cal trials. However, FDA declined in 
January 2023 to grant accelerated 
approval for Eli Lilly’s new antiamy-
loid, donanemab, instead requesting 
more long-term data from a larger 
ongoing clinical trial (4).  

FEWER NEW DRUGS?
Added concerns have been raised 
by the recent year-end reports of 

new drugs for 2022, which reveal a 
notable decline in innovative thera-
pies gaining market approval. One 
interpretation is that the agency 
is going slow on speeding innova-
tive therapies to market to avoid  
more criticism of its review process. 
The Center for Drug Evaluation and 
Research approved only 37 new 
molecular entities (NMEs) last year, 
far below the usual 50 or more new 
therapies in recent years (5). The 
total includes 12 new cancer ther-
apies and a range of treatments for 
skin conditions, diabetes, insom-
nia, and ALS. 

In addition, the Center for 
Biologics Evaluation and Research 
approved eight new therapies, 
including several new gene thera-
pies and vaccines, but again fewer 
than in 2021 (6). Analysts cite a 
broad range of factors shaping the 
new drug approval process, noting 
that important new rare disease 
treatments and innovative gene 
therapies advanced last year. Going 

forward, FDA will be under pressure 
to ensure that it fully considers risks 
as well as potential benefits of new 
therapies, and that its assistance in 
guiding drug development is impar-
tial and transparent. 
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FDA has weighed into the escalat-
ing abortion policy battle by tak-
ing steps to expand patient access 
to the abortifacient mifepristone 
from pharmacies and physicians. 
The agency revised a regulation 
to enable local pharmacies to dis-
pense the pill directly to individu-
als with a prescription, instead of 
requiring patients to visit a certi-
fied physician to obtain the drug. 
A related change also makes per-
manent its policy of permitting 
providers to prescribe the medi-
cine via telemedicine visits.

FDA revised its dispensing policy 
for mifepristone by altering certain 
provisions of its Risk Evaluation 
and Mitigation Strategy (REMS) 
for the drug. The change was 
requested by manufacturers Danco 

Laboratories and GenBioPro, 
which produces a generic version. 
Under the revised REMS, chain 
and independent pharmacies that 
become certified in the program 
may dispense the drug directly to 
patients presenting a prescription 
from a certified prescriber, as 
explained in FDA’s review of the 
proposed REMS modification.

Reference
1. FDA. Center for Drug Evalua-

tion and Research, Application 
Number 020687Orig1s025, 
Summary Review. www.ac-
cessdata.fda.gov/drugsatfda_
docs/summary_review/2023/
020687Orig1s025SumR.pdf 
(accessed Jan. 25, 2023).

—Jill Wechsler

FDA Policy Heightens Debate Over Medicated Abortion
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https://www.fda.gov/news-events/press-announcements/fda-approves-new-treatment-option-patients-als ]
https://www.fda.gov/news-events/press-announcements/fda-approves-new-treatment-option-patients-als ]
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-disease-treatmen
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-disease-treatmen
https://www.fda.gov/drugs/new-drugs-fda-cders-new-molecular-entities-and-new-therapeutic-biological-products/novel-drug-approvals-2022
https://www.fda.gov/vaccines-blood-biologics/development-approval-process-cber/2022-biological-license-application-approvals
https://www.fda.gov/vaccines-blood-biologics/development-approval-process-cber/2022-biological-license-application-approvals
https://www.accessdata.fda.gov/drugsatfda_docs/summary_review/2023/020687Orig1s025SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/summary_review/2023/020687Orig1s025SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/summary_review/2023/020687Orig1s025SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/summary_review/2023/020687Orig1s025SumR.pdf
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Robust Development  
Fuels Drive to Finish Line

A slew of late-stage clinical trials are expected to push new 
regenerative medicines onto the market in the next few years.

FELIZA MIRASOL

R   egenerative medicines have the attention of investors, 
industry players, and regulatory authorities. Prompted by 
an influx of funding in the regenerative medicines sector, 

drug developers have jumped forward with clinical development 
of product candidates. Factors that remain critical to the success-
ful development of regenerative medicines include raw material 
sourcing and overcoming manufacturing bottlenecks.

REGENERATIVE MEDICINE STATS
Going into the 2023 year, the biopharmaceutical industry  
saw 2220 active clinical trials worldwide for regenerative 
medicines, primarily cell and gene therapy product candidates, 
and of those, 202 trials are in Phase III (1). These Phase III 
clinical trials are expected to fuel more regenerative medicine 
approvals in the next few years, according to Tim Hunt, CEO, 
Alliance for Regenerative Medicine (ARM) in ARM’s state of 
the industry address (1). 

Hunt further emphasized that the industry saw an 11% 
growth year-over-year in the number of developers working on 
cell and gene therapy therapies. This increase brings the total 
number of cell and gene therapy developers to 1457, currently. 

AT THE STARTING LINE
Among the more critical factors in the development  of 
new regenerative medicines, and specifically cell and gene 
therapies, is the quality of raw materials. Yet, the impact that 
starting materials have on the end-product quality remains 
ambiguous in the case of cell and gene therapies.

“To be fair,” says John Lee, senior vice-president, Head of 
Cell Therapy, Center for Breakthrough Medicines (CBM), 
“the jury is (mostly) still out on this question. Until the field 
is able to connect aspects of the manufacturing process to 
clinical readouts, it will be difficult to truly answer this ques-
tion with any degree of confidence.”

Lee explains that cell selection is arguably the 
most important component of these types of therapies,  
however, since clinical efficacy is “assuredly linked to the 
therapeutic capacity of the source material,” which he 
points out the field has learned from lessons taken from the  
development autologous chimeric antigen receptor-T cell 
(CAR-T) therapies.

Regarding cell selection—in the case of cell therapies, for 
instance—autologous cells will have the same concerns as 

Cover Story: Regenerative Medicines
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currently exist with FDA-approved 
CAR-T therapies, such as the fact that 
patient-to-patient variability will con-
tinue to hamper manufacturers’ abili-
ties to standardize processes and define 
critical process attributes that allow 
streamlined production of  reproduc-
ible drug product(s), Lee emphasizes. 
Allogeneic cells derived from healthy 
donors, however, offer an ability to 
bypass many of those concerns via 
donor screening and the creation of 
master cell banks, he explains.

“In line with this reality, the identi-
fication of ‘super donors’ who can yield 
cell-based products whose human leu-
kocyte antigen (HLA) phenotype is 
tolerated by many recipients is an area 
of active investigation across the field. 

Likewise, induced pluripotent stem 
cells (iPSCs) represent an alternative 
allogeneic option to create a desired 
cellular phenotype with gene-edits that 
avoids immunogenic rejection or graft-
versus-host response,” Lee states. 

According to Randy Yerden, CEO 
of BioSpherix, a US-based company 
focused on the design and manufac-
ture of cell culture,  processing, and 
production equipment, the old adage 
of “bad protoplasm in yields bad pro-
toplasm out” has been seen when start-
ing cells for cell therapies are sourced 
from patients who have had multiple 
rounds of cytotoxic therapy in autolo-
gous immunotherapies. New strategies 
for sourcing and storing the patient’s 
cells before the cytotoxic therapy may 

improve end product quality and 
consistency, he notes. Other patient- 
specific factors, such as age or comor-
bidities, however, may also adversely 
affect autologous end-product quality. 
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An important aspect of regenerative medicines is opti-
mizing the supply and manufacturing of important com-
ponents, such as viral vectors, which are crucial for the 
delivery of cell and gene therapies. 

Improving yield of viral vectors will primarily be 
achieved via scale-up, process improvements, and 
cell line development, says Emily Moran, senior vice-
president of Vector Manufacturing and Supply Chain, 
Center for Breakthrough Medicines. Scale-up will go 
from the standard 200-L volume to 2000-L volume. 
Process improvements include alternating tangential 
flow filtration (ATF) on the production bioreactor, novel 
DNA for transfection, improved primary and polishing 
chromatography columns, and improved drug product 
formulation, Moran emphasizes.

In terms of producer or packaging cell line development, 
a combination of integrated adenoviral helper (i.e., Ad 
helper) genes, replication/capsid genes (i.e., rep and cap) 
and/or gene-of-interest to reduce/eliminate plasmid need 
will be needed to improve yields, Moran adds.

The scale-up and process improvements are expected 
to result in significantly increased batch yields and 
significant reduction in cost of goods (COGS), Moran 
says. These improvements would enable cost reduction 
for developing a single product and enable the ability 
to treat higher and/or repeat dose targets, she explains. 
In the end, patient access to these therapies will likely 
improve as the COGS goes down and overall throughput 
is improved across manufacturing facilities.

Another goal in the quest for improving viral vector 
yields is the standardization of manufacturing, Moran 
points out. Standardization includes implementing a 
similar order of unit operations, process technologies, 
and control strategies across manufacturing processes. 
Such standardization would enable improved 
consistency of the quality profile of viral vectors 
(e.g., adeno-associated virus-based vectors) going 
into humans as well as the ability to connect product 
attributes to clinical outcomes, Moran explains.

Other benefits of standardization include the improved 
ability to compare clinical outcomes across products 
from different companies; reduced investment in 
process/analytical/preclinical development, allowing 
for investment of more products; and the streamlining 
of the supply chain from a materials perspective  
for both development and manufacturing activities, 
which would increase speed to market and decrease 
cost, Moran states.

Currently, near patient manufacturing is an increasingly 
urgent goal. Proximity to patients reduces vein-to-vein 
time, which, in return, should improve patient access 
and outcomes, Moran emphasizes. Furthermore, having 
decentralized networks can improve product access and 
availability. The latter may come at a higher cost and 
increased variability in quality, however, due to distributed 
manufacturing, Moran concludes.

—Feliza Mirasol

Optimizing Vectors to Standardize Success
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In contrast, Yerden explains, a 
major allure of allogeneic therapies 
is sourcing starting cells from prime 
young healthy donors, which are then 
expanded and banked (i.e., stored) 
as a uniform, high quality end prod-
uct, or as an intermediate starting cell 
for further processing and produc-
tion. “In either case, if universal histo-
compatibility can’t be achieved, even 
a uniform high quality allogeneic end 
product may exhibit variable safety 
and efficacy due to patient immune 
reactivity differences,” Yerden cautions. 

“Regardless of the starting cells,” 
Yerden continues, “innovators in the 
live cell industry are relentlessly find-
ing and eliminating more and more 
sources of end-product variability in 
the production process. For exam-
ple, one source of variability and 
end-product quality degradation has 
been under our noses for decades.” 
Yerden explains that short fluctua-
tions in the three universal critical 
cell process parameters (CPPs) of 
temperature, carbon dioxide (CO2) , 
and oxygen (O2) when cells are taken 
out of the incubator or bioreactor and 
exposed to room air are now known 
to be harmful (2). However, technol-
ogy exists today that can now elimi-
nate these fluctuations over the entire 
cell production process (3), he notes.

Sourcing starting material for 
regenative medicines overall is mod-
erately easier than sourcing starting 
material for other cell-based therapies, 
says Lee.  The reason being that most 
regenerative medicines are created 
from healthy material, he notes. 

“While some platforms utilize 
somatic cells, the majority of prod-
ucts in development are derived from 
different types of stem cells, includ-
ing embryonic, iPSC, hematopoi-
etic, mesenchymal, and endothelial 
progenitor stem cells. Each of these 
cell types has unique differentiation 
and proliferation profiles that guide 
their respective utility for therapeutic 
usage,” Lee adds.

THE RACE IN PROGRESS
With 2220 regenerative medicine 
clinical trials actively in progress 
worldwide, the types and categories of 
therapies are broad and varied. Yerden 
points out, however, that as certain 
categories prove successful, more and 
more developers will move into these 
categories. “For example, with the 
success of CAR-T cell therapies, there 
might be more developers focusing on 
CAR-Ts than most other categories 
put together,” he states.

As for Lee, he notes that some of 
the most promising categories of clin-
ical candidates include engineered 
skin grafts to treat burn patients; 
customized bone grafts for implants, 
joint replacements, and injuries; res-
toration of heart function in cardio-
myopathy patients; restoration of 
muscle function in patients with uri-
nary incontinence, rotator cuff sur-
gery rehabilitation, etc.; restoration 
of eye function in disorders such as 
retinitis pigmentosa and/or macular 
degeneration; grafts to repair tears in 
connective tissues (i.e., tendons and 
cartilage); and restoration of kidney 
function in diabetic patients with 
chronic kidney disease.

As evidenced by both the number 
of active clinical trials currently in 
the industry pipeline and the growth 
in the number of developers, the 

advancement of regenerative medi-
cines is progressing well on all fronts.

HURDLES ALONG THE WAY
The successful development of regen-
erative medicine products has had its 
own hurdles on the road toward market 
approval. According to Yerden, the first 
obstruction happened early, at the time 
when the regenerative medicines indus-
try first started to form. 

Yerden recalls that virtually all dis-
covery and intellectual property (IP) 
was developed in medical universi-
ties, as was the similar path of medical 
devices and new drugs. Unlike medi-
cal devices and drugs, however, there 
was no pre-existing big industry infra-
structure to license the cell-based prod-
ucts. “Big medical device companies 
usually license and commercialize new 
devices developed in the universities. 
Big drug companies usually license and  
commercialize new drugs developed 
in the universities. When the first 
cell therapies were developed, there 
were no big industrial companies to 
license and commercialize the new cell  
therapies,” he explains. 

In response to that vacuum in the 
United States, the US government 
built, staffed, and supported a hand-
ful of good manufacturing practice 
(GMP)-compliant cleanroom produc-
tion facilities for cells with therapeu-
tic potential, Yerden states. “They saw 
the tremendous potential and figured 
it would be well worth taxpayer money 
to place these around the country to 
provide a mechanism for the IP to 
advance beyond the typical limitations 
of universities just short of clinical 
trials. They would enable a pathway 
further down the development cycle 
through Phase I and Phase II clinical 
trials. Shortly thereafter, the big med-
ical universities decided to build their 
own GMP-compliant cleanrooms for 
the same reason,” Yerden explains. 

Yet, for years, there was no industry 
infrastructure to license and commer-
cialize the cell products, despite the 
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fact that many were advancing through 
early stage clinical trials, Yerden contin-
ues. A few high profile venture-funded 
companies were formed. A  few of the 
big drug companies were starting to 
dabble in their own skunkworks-style 
cell development labs. 

However, it all changed when a 
cell therapy started to cure childhood  
leukemias (CAR-T). Fast forward to 
present time, and the industry now has a 
robust infrastructure,  Yerden emphasizes.

The second big obstruction occurred 
when, instead of cell biologists mak-
ing cell manufacturing decisions, it was 
a flood of pharmaceutical engineers 
making these decisions, Yerden adds. 

“Money was no object. They didn’t 
understand the significant difference 
between cells-as-substrate and cells-as-
product. A massive amount of money 
and effort is still getting wasted on leg-
acy biotech manufacturing technologies, 
which will never be able to produce 
high quality therapeutic cells. Even 
today, many manufactured cells are 
treated without regard to the science of 
cells,” he states.  

For example, Yerden reiterates 
those fluctuations in the three critical 
cell process parameters of tempera-
ture, O2, and CO2 (universal for all 
cells) are routinely ignored in steps of 
production upstream and downstream  
of the incubation step.  Modern sci-
ence-based closed production tech-
nology eliminates these fluctuations, 
says Yerden, and improves cell quality. 

Another example he includes is 
that most cell production processes in 
cleanrooms and traditional isolators are 
dependent on the heavy use of biocides 
to establish and maintain aseptic con-
ditions; but he cautions that nothing 
is more dangerous to therapeutic cells 
than the biocides used for microbial 
contamination risk mitigation. Modern 
science-based closed production tech-
nologies enable aseptic production 
without biocides, he points outs. 

A third example lays in the fact that 
large-scale batch production ignores 

the critical paracrine role in well differ-
entiated, highly functional phenotype 
and results in poorly differentiated, 
minimally functioning phenotypes. For 
this challenge, modern science-based 
closed production technologies now 
enable paracrine-friendly small batch 
production, which can be run in par-
allel for large scale. Alternatively,  new 
microencapsulation strategies may sat-
isfy the paracrine need and result in 
better therapeutic cells from big vats, 
Yerden concludes.

“Tying the manufacturing process to 
clinical outcomes remains an opportu-
nity for significant growth,” Lee adds. 
“The identification of critical process 
parameters (CPPs) and critical quality 
attributes (CQAs) is essential for the 
successful en masse establishment of 
regenerative medicines in the clinic.” 

In regards to CPPs, Lee explains 
that a dedicated focus on identify-
ing CPPs during manufacturing is 
merited to achieve the goal of consis-
tency between efficacious batches of 
drug product. “The field is in need of 
automation that is capable of closing 
the manufacturing process while also 
enabling inline testing across a panel 
of biological readouts. By minimiz-
ing manual manipulation, variability 
within manufacturing can be lessened 
such that CPPs can be better assessed 
and identified,” he states. 

Through the identification of CPPs, 
Lee further states, manufacturers  
can subsequently better understand 
how those CPPs impact the CQAs of  
these therapies.

Meanwhile, the absence of CQAs 
that are directly correlated with 
patient outcomes is another area that 
still requires substantial attention, 
Lee points out. “Because a portion of 
the manufacturing process literally 
occurs within the patient, research-
ers and manufacturers will need to  
prospectively derive datasets that can 
be retrospectively analyzed alongside 
patient outcomes to better define these 
CQAs,” he notes. 

While the field collectively awaits 
more substantial clinical data, there 
may be non-human in-vivo models 
that can help bridge the gap in the 
interim, Lee posits. However, he cau-
tions that the extraneous limitations 
of such models (i.e., xenograft-based 
biology) likely impairs their predictive 
utility for such applications.

Another area that Lee expects will 
require additional attention is how the 
field of regenerative medicines will 
address questions surrounding prod-
uct-specific logistics for administration. 
For instance, some drug products will 
need to be administered within hours 
of completion of manufacturing, which 
creates hurdles around release testing 
and shipping conditions that must be 
navigated. Lee says that cryopreser-
vation is a potential solution in some 
instances, but such a solution comes 
with other issues, including the main-
tenance of functionally post-thaw, and 
ensuring the proper handling of these 
valuable therapies upon receipt.
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Technology for In Vivo CAR T-cell 
Therapy Advances

In vivo CAR-T gene therapies could overcome the challenges 
faced by autologous and allogeneic treatments.

CYNTHIA A. CHALLENER

T here is no doubt that chimeric antigen receptor 
(CAR) T-cell therapies have had a tremendous 
positive impact on patients that have received them; 

however, autologous cell therapies produced in central-
ized manufacturing facilities have inherent limitations 
that inhibit widespread availability and access. Allogeneic, 
or off-the-shelf versions, are one potential solution, but 
developers of these therapies must overcome different 
challenges, such as graft-versus-host disease, the potential 
for introduction of chromosomal abnormalities, ensuring 
successful gene editing of all donor cells, and problems 
with T-cell exhaustion (1).

Another option is to produce autologous therapies at 
the point of care (POC) (2). Companies such as Miltenyi 
Biotech, Lonza, SQZ Biotech, Orgenesis, and Ori Biotech 
have developed or are commercializing closed, automated 
cell- and gene-therapy production platforms with small 
footprints that can be installed at hospitals and institutions 
for good manufacturing practice (GMP) production of CAR 
T-cell therapies onsite. There are various university hospitals 
around the world exploring the potential of these systems. 

Orgenesis and aCGT Vector are establishing networks of 
POC sites leveraging their own production technologies. 

A third approach being explored by several companies 
eliminates the need for gene editing of immune cells outside 
the body altogether. These solutions involve in vivo genera-
tion of CAR cells. This approach also has its challenges, but 
offers the potential to combine some of the benefits of both 
autologous and allogeneic cell therapies. 

AUTOLOGOUS ISSUES
Autologous cell therapies today require collection of immune cells 
from the patient that are then shipped to a central manufacturing 
facility. Most patients are extremely ill and have endured multiple 
previous therapies, leading to variability in the starting material 

Development
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and the potential for manufacturing fail-
ures. Production slots are also limited, 
often creating delays that such ill patients 
cannot generally afford. Facilities that 
offer cell therapy are limited as well, and 
as a result, patients must travel to them, 
adding to the burden placed on them and 
their families. Furthermore, the cost of 
gene-modified cell therapies is high

An IQVIA survey (3), notes Gregory 
Frost, chairman and CEO of EXUMA 
Biotech, revealed that the patient’s health 
status, cost to patient, and geographic dis-
tance for the patient to travel were the top 
three reasons why community oncologists 
do not refer patients for CAR-T therapy. 

ALLOGENEIC LIMITATIONS
Allogenic cell therapies offer compel-
ling benefits relative to autologous CAR 
T-cell treatments for certain indications. 
As off-the-shelf products, they are avail-
able immediately, eliminating the logis-
tics complexities that add time and cost 
to autologous therapies. They also do 
not suffer from the variability associated 
with patient-derived cells. 

Avoiding the natural immune 
response to foreign CAR-T cells has, 
however, proven much more challenging 
than past industry hurdles such as the 
advancement from mouse antibodies to 
human antibodies, according to Frost. 
“Although many different strategies 
are being explored, the only clinically 
validated solutions to this challenge to 
date has been sustained immunosup-
pressive treatment regimens to elimi-
nate the body’s T and NK cell function, 
thereby increasing the risk of oppor-
tunistic infections without transplant-
ward-level care,” he says. Generally as a 
result, the time that must be spent in the 
specialized care setting is often extended 
and introduces additional burdens for 
patients and their families that do not 
live near one of these specialized facilities. 

EXPANDING ACCESS WITH  
IN VIVO CAR THERAPIES
In vivo CAR therapies have the poten-
tial to offer the benefits of both autol-

ogous and allogeneic therapies. “The 
most apparent advantage that in vivo 
CAR therapy could provide over autol-
ogous or allogeneic cellular therapy is to 
capture the durability benefits of autol-
ogous cell therapy with the reduced 
cost and complexity of an off-the-shelf 
product,” contends Frost.

If other safety parameters can be 
maintained clinically, Frost explains 
a CAR therapy that delivers a cost-
of-goods-per-patient-treated on par 
with biologics may change the efficacy 
bar from 30–50% durable complete 
responses to a 30+% improvement in 
progression-free survival or overall sur-
vival, a particularly relevant goal for 
indications in solid tumors. “Moreover,” 
he adds, “lymphodepletion may not be 
necessary for in vivo therapies, thereby 
potentially expanding the setting of 
care beyond tertiary care centers with 
intensive-care units and extending 
CAR therapy into indications not pre-
viously addressed (e.g., autoimmune 
disease) due to an unfavorable bene-
fit-to-risk ratio.” Furthermore, as a true 
off-the-shelf option, in vivo CAR ther-
apy products are unburdened by the 
complex logistics for cryopreservation 
of a cellular drug product. 

Overall, in vivo CAR therapy “may 
address the significant concerns associated 
with autologous and allogenic gene-mod-
ified cell therapies and thus function to 
expand patient access to CAR therapy by 
making it safer, potentially more effica-

cious, less financially toxic, and available in 
settings more convenient to patients and 
their families,” Frost comments. 

It is also worth noting that in addi-
tion to the reduced cost and complexity 
of therapy and the potential to expand 
to a wider array of care settings, in vivo 
CAR/T-cell receptor (TCR) therapies 
reduce the complexity of cell processing 
validation, according to Frost. “While 
the product is the process,” he observes, 
“the in vivo approach does not require 
the associated costs and time to develop 
an optimized and validated manufactur-
ing cell process, which can introduce new 
challenges in comparability assessment 
with subsequent process changes.” 

Frost also points out that enhance-
ments and minor modifications to the 
transduction program encoded in the 
vector can easily be made, allowing for 
iterative evaluation preclinically and 
potentially clinically. “The versatility of 
the technology is anticipated to extend 
the technology broadly into academia 
and small and large biotechnology com-
panies, which could result in the accel-
erated discovery and development of 
transformative therapies at substantially 
reduced costs,” he concludes.

IN VIVO TECHNICAL 
CHALLENGES
Of course, in vivo gene-modified cell 
therapies face their own set of technical 
challenges. A key issue, according to Frost, 
is the inability to perform preparative 
lymphodepletion of the patient prior to 
the infusion of the engineered cells. This 
procedure removes other immune cells 
that would otherwise compete with the 
CAR cells for growth factors and other 
nutrients, reducing their chances to sur-
vive, expand, and exhibit antitumor func-
tion. “Lymphodepletion is not a viable 
option for in vivo CAR therapy since it 
would kill off the very cells targeted for 
in vivo engineering. As such, any in vivo 
approach will need a means for ensuring 
robust proliferation and survival in an 
environment that is rife with competition 
for the same nutrients,” Frost says. 

Development
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It is also essential that the vehicle 
delivering the genetic material for 
reengineering of the target immune 
cells is highly selective for the right 
cells. “Whether the vehicle is a viral 
vector or lipid nanoparticle (LNP), it 
must target delivery to the specific cell 
type to be re-engineered (e.g., T cell, 
natural killer cell) in order to prevent 
any unintended gene modification,” 
comments Frost. 

VIRAL AND NON-VIRAL  
IN VIVO APPROACHES
Viral vectors and lipid nanoparticles 
represent two different approaches 
being explored for in vivo engineering. 
Nonviral approaches typically involve 
LNPs encapsulating nucleic acids, while 
viral approaches are generally based on 
the same retroviral vectors used in current 
ex vivo cellular therapies.

Non-viral approaches, notes Frost, 
have the possible advantage of a more 
defined regulatory pathway based on the 
recent approvals of the COVID-19 vac-
cines. Non-integrating approaches may, 
however, not provide a sustained clini-
cal response given that CAR transcripts 
become diluted (and eventually lost) as 
the cells divide, he observes. 

Such therapies would likely require 
persistent retreatment in the absence 
of a clinical response, especially for the 
treatment of solid tumors, which require 
a prolonged T-cell response. “Integrating 
vectors, such as lentiviral (LV) vec-
tors, may offer the benefit of stably  
integrating into the host-cell genome 
to allow for a sustained response with 
a single dose,” says Frost. As such, he 
anticipates further investigations into 
the tropism of viral approaches to reduce 
the risks of adverse events associated 
with non-target cell integration. 

SEVERAL TECHNOLOGIES  
IN DEVELOPMENT
The level of investment in in vivo 
gene-modified cell therapies suggests 
that this new approach truly does have 
real potential. Several startups have been 

established in the past few years with 
strong financial backing. 

EXUMA Biotech’s in vivo CAR/
TCR therapy platform, GCAR, com-
prises a lentivector with a CD3- target-
ing/activation element on its surface to 
target T cells and provide them with their 
initial proliferation stimulus. The genetic 
payload within the LV encodes for either 
a CAR or TCR, as well as EXUMA’s 
intracellular “DRIVER” signaling 
domain. Once integrated and expressed 
by T cells, DRIVER signaling and ini-
tial CD3 activation causes robust in vivo 
proliferation with persistence and antitu-
mor activity in a lymphoreplete environ-
ment occurring from continued antigen 
engagement, according to Frost.

“Our proprietary LV design ele-
ments address the challenges faced by 
in vivo CAR therapy, as the DRIVER 
allows for proliferation and persistence 
in the midst of competing cells, and 
the CD3-targeting moiety directs the 
lentivector to T cells,” Frost states. In 
preclinical animal models, EXUMA 
has confirmed enhanced tropism to T 
cells, circulating CAR-positive cells, 
and a potent, dose-dependent elimi-
nation of target cells upon in vivo len-
tivector administration. 

Umoja Biopharma has developed its 
VivoVec surface-engineered LV vector- 
based off-the-shelf viral-vector par-
ticles for the generation of CAR-T 
cells in vivo (4). The particles include 
rapamycin-activated cytokine recep-

tors (RACRs) designed to selectively 
provide costimulatory molecules to 
CAR-T cells in the presence of rapa-
mycin. Preclinical study results indi-
cate the particle design demonstrates 
enhanced T-cell binding and activation 
both in vitro and in vivo, as well as 
generation of large numbers of CAR-T 
cells, thus enabling enhanced antitu-
mor activity at lower doses.

Vector BioPharma’s  Shielded, 
Retargeted Adenovirus (SHREAD) 
platform uses engineered adenovi-
ral vectors combined with exogenous, 
high-avidity adapter proteins (in the 
form of virus-like particles) to achieve 
delivery to defined biomarkers on spe-
cific cells or tissues of DNA encoding 
various genes and regulators, allow-
ing local production of potent drugs 
with reduced risk of systemic toxicities 
(5,6). The company was established in 
August 2022 to commercialize tech-
nology developed in the laboratory 
of Andreas Plückthun, PhD at the 
University of Zürich (7).

Ensoma, launched in February 2021, 
is also leveraging adenoviral vectors (8). 
Ensoma’s Engenious vectors are devoid 
of any viral genome, thus minimizing 
the chance of an immune response and 
freeing up to 35 kilobases of DNA 
packaging capacity to deliver a diverse 
range of genome modification technol-
ogies. The vectors can be used in vivo 
to engineer hematopoietic stem cells 
as well as erythroid, lymphoid (e.g., T 
cells, B cells), and myeloid (e.g., macro-
phages, microglia) cell types with pre-
cision. The company has entered into 
a strategic collaboration with Takeda 
Pharmaceutical Company (9).

Capstan Therapeutics, which was 
co-founded by Carl June, one of the orig-
inal innovators in the autologous CAR 
T-cell-therapy space, and launched in 
September 2022 (10), is using mRNA 
technology to generate CAR-T cells in 
vivo. In one example, they injected CD-5 
targeted mRNA-LNPs to reduce fibrosis 
and restore cardiac function in a mouse 
model of heart disease (11).

Development

The level of 
investment in in vivo 

gene-modified cell 
therapies suggests 

that this new 
approach truly does 
have real potential. 
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Interius BioTherapeutics is com-
mercializing technology developed 
by Saar Gill at the University of 
Pennsylvania (12). The company is ini-
tially focused on treating hematologic 
malignancies using an in vivo CAR 
treatment, but hopes to expand to 
applications beyond immuno-oncology 
that address diseases not amenable to 
current gene-therapy modalities. It has 
provided minimal information about 
the specific technology involved.

Sana Biotechnology has several 
in vivo gene-modified cell therapies 
at the preclinical development stage. 
SG295 is an in vivo CAR T with 
CD8-targeted fusogen delivery of a 
CD19-targeted CAR for treatment of 
patients with B cell malignancies and 
for which the company expects to file 
an investigational new drug application 
(IND) in 2023 (13). SG418 is a hema-
topoietic stem cell-targeted fusosome 
with the ability to deliver gene-edit-
ing material in vivo to repair genetic 
abnormalities such as those that cause 
sickle cell disease and beta-thalassemia. 
Sana hopes to demonstrate preclinical 
proof of concept in 2023.   

GENE THERAPY  
PROVIDES A POTENTIAL 
REGULATORY ROADMAP
Although in vivo gene-modified cell 
therapies constitute a novel drug class, 
they are related to direct gene therapies, 
several of which have received regulatory 
approval in the United States, European 
Union, and other countries around the 
world. These gene-therapy approv-
als, according to Frost, provide a help-
ful roadmap for regulatory evaluation 
of in vivo CAR therapies. “While each 
product and platform has its own unique 
considerations that must be addressed 
for a specific indication, the FDA has 
also published numerous guidance doc-
uments regarding gene therapy that are 
helpful to sponsors developing in vivo 
gene therapies,” he says.

As is the case with recent regulatory 
reviews of retroviral gene vectors in cells 

other than T lymphocytes, Frost expects 
that regulators will expect developers 
of in vivo therapies based on retroviral 
vectors to demonstrate that those vec-
tors are indeed transducing the target 
cell type (e.g., T cells) and not other cell 
types, such as hematopoietic stem cells 
or gametes. In this context, he notes 
that significant consideration must be 
given to the tropism of the delivery 
vehicle, whether viral or non-viral.

CLINICAL CANDIDATES 
ANTICIPATED IN THE  
NEXT FEW YEARS
Given the growing number of compa-
nies developing in vivo CAR therapies 
using many different approaches, Frost 
anticipates candidates entering clinical 
trials within the next several years. The 
data gathered during those trials will 
serve to better refine the science. “With 
the advances that will be achieved and 
the growing body of evidence that will 
be generated as a result of these stud-
ies, it can be expected that the overall 
industry will become more comfortable 
with in vivo gene therapy, ultimately 
facilitating the progression of other 
products to the clinic and eventually 
the market. The widespread use and 
breadth of enhancements to monoclo-
nal antibodies, which were first discov-
ered in 1975 and first approved in 1986, 
is suggestive of the potential for in vivo 
CAR therapy. With today’s technology 
and know-how, the innovation cycle 
for this technology is expected to be 
dramatically accelerated,” he concludes.
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Potency Assays for  
Novel Complex Modalities

Variability instills consistency in advanced therapy medicinal products. 
CHRIS SPIVEY

I n a tightly regulated industry, certifying that a drug is 
authentic, safe, and effective requires passing through sev-
eral different thresholds of proof. In the 2011 Guidance for 

Industry, Potency Tests for Cellular and Gene Therapy Products 
(CGT) (1), FDA states, “No lot of any licensed product shall 
be released by the manufacturer prior to the completion of tests 
for conformity with standards applicable to such product, (21 
CFR [Code of Federal Regulations 610.1), which include tests for 
potency, sterility, purity, and identity (21 CFR Part 610, Subpart 
B).” These requirements apply to all biological products, includ-
ing autologous and single patient allogeneic products, where a 
lot may be defined as a single dose. 

The need to meet this guidance, and especially for rising 
levels of instances of single dose production for CGT, can create 
a burden in terms of time, economics, and staff training. The 
biopharmaceutics classification system (BCS)-based biowaiver 
approach is intended, along with other measures, to reduce the 
need for in vivo bioequivalence studies (i.e., it can provide a sur-
rogate for in vivo bioequivalence). The International Council for 
Harmonisation’s  (ICH) M9 guideline states, “In vivo bioequiv-
alence studies may be exempted if an assumption of equivalence 
in in vivo performance can be justified by satisfactory in vitro 
data. The BCS is a scientific approach based on the aqueous 

solubility and intestinal permeability characteristics of the drug 
substance or substances” (2). In practical terms, CGT fields are 
moving so rapidly many identification and potency tests are 
being invented alongside the drug therapies themselves. It is 
an increasingly hopeful time for critically ill patients and also 
for the pharmaceutical industry, but this growing trend places a 
strain on scientists, suppliers, manufacturers, hospital staff, regu-
lators, and insurers. In a industry insider survey (3), nearly half of 
all respondents replied that CGTs represented the largest oppor-
tunity for growth in terms of potential new therapies. While the 
surge is clearly a highly positive step, it also means taking care to 
solve inherent present challenges becomes more urgent. 

ONLY A CERTAIN AMOUNT  
OF PAST KNOWLEDGE IS USEFUL
A typical strategy is to apply lessons learned from more 
mature therapies, particularly the use of monoclonal antibod-
ies (mAbs), where much has been optimized due to popularity, 
length of use, and to some degree (arguably), less complex-
ity residing in these systems. But even here more work on 
potency assays is evidently required. An article offering a 
novel mathematical approach for fitting concentration-re-
sponse curves on mAbs for potency data concludes, “the future 

Analytics
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strategy for bioassay analysis should 
include investments both in the develop-
ment of the best Mechanism of Action 
(MoA) reflecting assay and the identi-
fication of cost-effective techniques for 
implementation; this investment should 
begin in the early phases of clinical devel-
opment. There have been some note-
worthy achievements in the utilization 
of mathematical models in the bioassay 
evaluation strategies in various segments, 
but there is a long way left to go. Because 
the mechanism behind monoclonal anti-
body development is complex or poorly 
understood, mathematical models, which 
are relatively simple, could be used to 
reduce time and expenses” (4). 

Vibha Jawa, executive director, head 
of Biotherapeutics Bioanalysis in 
Nonclinical Disposition and Bioanalysis 
(NDB) Organization, Bristol Myers 
Squibb, describes which types of 
products require the closest watch for 
potency fluctuations. “I would say the 
novel complex modalities where we 
don’t know what expression levels are 
needed for these new targets in order 
to validate that the drug is adequately 
binding to the intended target. So, defi-
nitely novel modalities like multidomain  
biologics and CGT therapies require 
more consideration for potency.” So, ab 
initio, increased biological complexity 
itself, plays a central role in making these 
therapies more difficult. If we cannot 
match on a one-to-one basis the expres-
sion levels required for MoA, how then 
does one model an effective potency 
regime at the point of origin? 

WHEN THE  
THERAPY IS THE CELL
Jawa goes on to build on this observation, 
saying, “a common thread for these new 
modalities is that the drug product itself 
is a cell. And it’s a patient’s cell that we 
are talking about. So, it’s not a Chinese 
hamster ovary cell or antibody that comes 
to us already being well defined. In this 
case, the Chimeric antigen receptor T 
cell (CAR-T) for example, where we are  
taking cells from the patient, we are going 

to engineer them outside of the body, 
and we have to understand if the CAR  
we have transduced into these cells, are 
they going to be able to bind the tumor 
target, so for potency you are using this 
CAR-T cell, or a cell line which is very 
similar, which can go kill a tumor, and 
we have to do all potency testing upfront 
to know this receptor is dedicated or  
efficient enough.”

And as if to put an exclamation point 
on the issue of complexitiy, Jawa con-
cludes, “so herein lies the complexity—
each person has their own T cell, with its 
own level of T-cell antigen receptor vari-
ability. We just don’t know how the T cell 
receptors are going to interact with the 
tumor cell, and same for major histocom-
patibility complex class one and class two 
molecules which are the proteins present, 
which present the peptides. So, potency is, 
shall we say, a completely different ques-
tion to answer for CAR-T therapies.” 

There is some good news, however, 
when it comes to viral gene therapies. 
There is an intrinsically more consistent 
manufacturing base to pull from, and 
the adeno-associated viruses or lentivirus 
being used to transduce the modification 

into a cell of interest can therefore be 
manufactured  more consistently, and 
with less variability, than for CAR-T 
therapies. Another direction would be 
to question if there is a significant rise in 
complexity, yet again, when dealing with 
emerging therapies such as allogenic 
CAR-Ts, Natural Killer cell-based CARs, 
or armored CARs. These new modalities 
require ingenuity in setting up biorele-
vant test systems for target cells, because 
the screening of multiple new test cells 
lines will be required. The further we 
go on this path, the more variability we 
need to account for in order to engineer 
consistency into these new products.
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greatest advancements in cell therapy to date, areas for improvement, the 
biggest trends in cell therapy development, and retention as a pain point.
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Benefits of Technologies Facilitate 
Adoption of Single-use Systems

Single-use systems hold key benefits for 
biomanufacturers, despite certain limitations.

FELIZA MIRASOL

A s downstream bioprocessing operations gradually 
implement single-use, biomanufacturing facilities are 
also being brought into alignment. What hurdles do 

biomanufacturers face in converting facilities to accommodate 
single-use systems (SUS) in downstream processing?

KEY TECHNOLOGIES
Certain key innovations in technology and equipment have 
helped to advance the performance of SUS in downstream 
bioprocessing. Jay Harp, director of Single-Use Product 
Management at Avantor, notes that the higher product yields 
and greater cell densities resulting from the increased accep-
tance of perfusion technology in upstream bioprocessing has 
put a strain on downstream processes. However, advancements 
in chromatography and filtration techniques have been imple-
mented to meet these challenges. 

“Advancements in sensing technology and the ability for sin-
gle-use monitoring tools give manufacturers a greater degree of 
control over their processes,” Harp states. “Tangential flow fil-
tration systems use this advanced process technology to better 
control flow rates and achieve better process performance.”

Ati Alizadehbirjandi, manager of Manufacturing Science 
and Technology (MSAT) at Avid Bioservices, notes that 
continuous processing technology, such as the multi-column 
chromatography platform (BioSMB) has been a key inno-
vation in biomanufacturing. The development of continuous 
inline viral inactivation skids (by Pall Sciences), single-pass 
tangential flow filtration, and other multiple components that 
have been built all address bottlenecking issues in the down-
stream, Alizadehbirjandi emphasizes. 

Bioprocess skids have the capability to process larger vol-
umes in a shorter period of time, where previously only hard-
piped systems could handle such volume, adds Gene Yoshioka, 
senior director of Manufacturing at Avid Bioservices. 

“The rise of multi-modal chromatography allowed for 
higher precision in purification efficiency. Membrane chro-
matography was also developed to act as a more size-efficient 
replacement for high-capacity packed bed resin chromatogra-
phy,” Alizadehbirjandi says. Furthermore, in-line process ana-
lytical technology development will advance performance and 
minimize bottlenecks to a higher extent by providing instant 
essential results, she adds.

Downstream Processing
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FULL IMPLEMENTATION
The implementation of SUS has had its 
share of challenges, including the stress 
of high-volume products, high facil-
ity cost, and supply chain vulnerability, 
according to Alizadehbirjandi. 

Alizadehbirjandi explains that if 
a high-volume product used a stain-
less-steel system for its purification, then 
it would be costly to switch to SUS, and 
the manufacturing process for the prod-
uct would need revision. Moreover, stain-
less steel is generally more cost-efficient 
for a high-volume product. In terms of 
facility cost, companies that have estab-
lished stainless-steel facilities would also 
face a high cost for the switch to SUS.

In addition, single-use facili-
ties require a much larger warehouse 
footprint to store consumables, says 
Yoshioka, who mentions that managing 
the supply of consumables becomes crit-
ical as the reliance on vendors becomes 
more prominent. 

Another aspect to be wary of is safety 
concerns regarding extractables and 
leachables (E&L) from plastic-derived or 
polymer material, which comprise SUS, 
adds Alizadehbirjandi. As expected, reg-
ulatory concerns for E&L are elevated 
for SUS systems, vs. transitional stain-
less-steel production, she says.

Tim Korwan, director of New 
Product Introduction at Avantor, 
explains that biomanufacturing facil-
ities differ greatly from those that are 
fully single use. One of the key differ-
entiators that he notes is the operating 
expenses and reliability of supply. 

“In standard biomanufacturing facili-
ties, the ability to change something in 
the manufacturing process relies upon 
the manufacturer to manage through 
extensive investments (both capital and 
time). With fully single-use facilities, 
manufacturing technicians and process 
engineers need to have a deeper knowl-
edge about new technologies because 
the supplier is responsible for the man-
aging the supply,” Korwan emphasizes. 

Because the supplier is responsible 
for components in a fully single-use 

facility, if one component of the man-
ufacturing process isn’t met by the sup-
plier, then the process cannot move 
forward, cautions Korwan. Coupled 
with the flexibility inside fully sin-
gle-use facilities, a biomanufacturer  
could end up with a stalled manufac-
turing process that could cause delays 
to the supply chain. 

“To address this challenge, facili-
ties can take a hybrid approach where 
the standard stainless-steel footprint 
is used (where appropriate) and is  
supplemented with single-use products.” 
Korwan states. 

Korwan also explains that there is 
greater demand placed on the ware-
house in a single-use facility, with lead 
times being a main issue. Because sin-
gle-use products do not have an infinite 
lead time, one cannot overstock these 
products or risk having them expire. 

“As a result, single-use facilities require 
robust inventory management and coor-
dination with vendors,” he says.  

KEY ADVANTAGES
In terms of advantages, single use 
offers the greatest degree of flexibil-
ity, says Harp, who highlights the fact 
that biopharma manufacturing is con-
stantly evolving with new processes and 
modalities. “Scientific advancements 
would not be capable without the equal 
advancements of single-use technology 
and the response of single-use integra-
tors,” he states.

Korwan says that the need for sup-
ply chain professionals has never been 
greater because managing the supply of 
the entire fluid pathway in biomanufac-
turing is an extremely rigorous exercise. 

“As a result,” he explains, “the warehouse 
infrastructure needed to support this 
has never been greater.” 

Facilities have been moving away from 
a stainless-steel footprint in recent years. 
Facilities are transforming into more of a 
shell-type structure, which is a substan-
tial change for how these buildings have 
operated in the past, says Korwan. 

The former stainless-steel footprint 
requires mass amounts of infrastruc-
ture and immovable piping, Korwan 
adds. Whereas now, SUS have allowed 
for the unit of operations to be placed 
in unclassified rooms, which minimizes 
the requirement for electrical sterilizing 
equipment, and thus allowing the ability 
for flexibility within the suite. 

“Coupled with the lack of immov-
able piping, the facilities are able to flex 
between different modalities quickly 
and efficiently without having to 
change the infrastructure of the build-
ing,” Korwan states.

Meanwhile, Alizadehbirjandi points 
to a quicker turnaround time as being 
a key advantage of SUS. SUS allows 
for better time management by avoid-
ing steam-in-place cleaning. This time 
advantage has resulted in achieving bet-
ter speed-to-market. 

Another benefit is water usage conser-
vation, in which water intake for bioman-
ufacturing facilities has been cut down by 
>50%, resulting in decreased plumbing, 
Alizadehbirjandi emphasizes. Other ben-
efits include agile process development, 
process intensification, as well as better 
ability to deliver personalized medicine. 

Yoshioka adds that for a contract 
development and manufacturing 
organization working with multi-
ple products, eliminating the risk of 
cross-contamination is vital to the 
safety of the products that are produced. 
SUS allows for quick changeover while 
removing the risk of product residu-
als on product contact equipment sur-
faces.  It has also eliminated the need 
for equipment cleaning and cleaning 
validation/verification which in itself is 
a large resource commitment. ◆

Downstream Processing

Facilities have been 
moving away from 

a stainless-steel 
footprint in  
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Convecdiff membranes, a new type of chromatographic material that combines 
high protein-binding capacity with high productivity while providing scalability, 
are introduced. The convecdiff membrane prototypes presented in this study 
reach a dynamic binding capacity of around 40 g/L at residence times in the 
seconds range while pressure drop is below 2.5 bar at a bed height of several 
millimeters. The robustness of the new material is proven in two cycling studies 
with up to 200 cycles. The material performance regarding yield, impurity 
reduction, etc., observed during cycling is comparable to the performance 
of established materials, and no performance decline occurred during 
cycling. Viral clearance by the new membrane was found on par with existing 
materials. With all these characteristics, the material is well suited for protein 
bind-and-elute applications ranging from laboratory to production scale.

CHAZ GOODWINE, KATRIN TÖPPNER, PATRICK ADAMETZ,  
RICARDA A. BUSSE, VOLKMAR THOM

I n part I of this article (1), the novel 
convecdiff Protein A membrane and 
its characteristics were introduced. 
The performance of the material 

was compared to commercially available 
chromatography materials, such as resins 
and f ibers, demonstrating that the new 
membrane is capable to provide high bind-
ing capacity at residence times of seconds 
with significantly low back pressure. Early 
prototypes have been tested in a f irst 
cycling study, showing robust performance 
of the convecdiff Protein A (ProtA) mem-
brane over 200 cycles resulting in consist-
ent critical quality attributes.

A next generation of the convecdiff mem-
brane was tested at AGC Biologics. AGC is 
a global contract and manufacturing organi-
zation, providing development and manufac-
turing services of therapeutic proteins. 

CONVECDIFF MEMBRANE 
PERFORMANCE: 100 CYCLES
This second cycling study was performed over 
the course of 100 cycles using clarified harvest 
of a recombinant monoclonal antibody (mAb) 
produced at AGC. The feed solution was ster-
ile filtered prior to the cycle study, relieving 
the need for an inline feed filtration strategy. 
The convecdiff membrane prototype device 
used in the cycling study had a membrane 
volume of 1 mL and a bed height of 4 mm. It 
was operated using a chromoatography system 
(Äkta Avant 25, Cytiva) with elution fractions 
collected by the system’s fraction collector 
(threshold 50 mAU). The applied protocol for 
cycling is specified in Table I.

The protocol contains equilibration, load-
ing, wash, intermediate wash, and elution. 
Equilibration and wash buffer were phos-
phate-buffered saline (PBS) solutions. An 

Purification of Antibodies 
Using Novel Convecdiff 

Membranes Part 2:  
Robust Performance at 

Comparable Product Quality

Peer-Review Research
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intermediate wash step with high salt 
was implemented, which is a standard 
procedure during production of mAbs to 
dissolve non-specific ionic interactions 
of contaminants with ProtA matrix or 
with mAb. The elution was initiated by 
pH reduction using acetic acid buffer. In 
total, one cycle without clean-in-place 
(CIP) lasted 9.6 minutes. CIP was done 
after every 10 cycles using 0.5 M sodium 
hydroxide (NaOH) in an upflow direc-
tion to ensure that possible fouling sub-
stances were f lushed out, rather than 
pushed through the device. Until cycle 
50, CIP was performed with a volume 
of 15 MV and a residence time of 20 s 
(3 MV/min). For all later CIP cycles, the 
contact time was increased by tripling 
the volume of NaOH. By this adaption 
of the protocol, fouling, which is more 
likely in the later cycles, is avoided. 

Before cycling, the dynamic binding 
capacity (DBC) of the convecdiff mem-
brane prototype device was determined 
by using purified mAb to determine 
a suitable load volume. To run cycling 
without loss of product, the load volume 
was defined as 60% of the previously 
determined DBC10%. This results in 
a load volume of 8 MV for the given 
feed concentration, which was 1.9 L. As 
mentioned in the previous section, this 
load volume may be increased by the 
operator as the membrane’s capability is 
not limited to the given value. 

The resulting signals of ultraviolet 
(UV) and delta pressure of every 10th 
cycle of the cycling test are shown 
in Figure 1. Curve lines are shaded 
from first cycle (light grey) to cycle 
100 (black). 

The overlay of the UV signals shows 
constant shapes of the breakthrough 
curve and elution peaks, proving the 
robustness of the membrane-based puri-
fication process over the course of the 
100 cycles. The elution peaks have a 
width of 7.5 mL, which corresponds to 
7.5 MV. This peak width is larger than 
that observed in the first internal cycling 
study (see Figure 4 in part 1 of this arti-
cle) (1) due to the lower threshold value 

(50 mAU instead of 100 mAU). By 
increasing this threshold, the peak width 
would decrease and would approach the 
peak width observed in the first cycling 
study. In terms of pressure drop, a grad-
ual increase during cycling is observa-
ble. To counteract this trend, the CIP 
procedure was adapted from cycle 60 
onwards (compare Table I). Figure 2 
shows the pressure drop during cycling 
in more detail. Shown are the pressure 
drops during the load and intermedi-
ate salt wash of each cycle during the 
cycling study.

The pressure drop increases notably 
until cycle 60. From this cycle onwards, 
the CIP procedure was altered by tri-
pling the CIP volume and time while 
maintaining its frequency (every 10 
cycles). Obviously, this recipe modifica-
tion was a suitable method to stop the 
increase of the pressure drop and even 
reverse the previous trend. After 100 
cycles, the pressure drop stabilizes in a 
range from 0.1 to 0.2 MPa, depending 
on the flow rate of the respective process 
step (intermediate salt wash 10 MV/min, 
load 5.0 MV/min).

PRODUCT QUALITY 
ATTRIBUTES: 100 CYCLES
During 100 cycles, elution fractions 
were collected, with a peak collection 
threshold of 50 mAU, and analyzed 
to determine antibody concentration, 
yield, and contaminant content. Yield 
and concentration were determined 
using the load and elution volumes 
tracked by the ÄKTA and the con-
centrations of feed and eluate fractions. 
The eluate concentrations were mea-
sured with a NanoDrop One (Thermo 
Fisher Scientific), whereas the feed con-
centration was measured with an Octet 
RED 96e (FortéBio) using Protein A 
Dip and Read Biosensors (part num-
ber 18-5010 from FortéBio). Figure 3 
shows the determined yields and con-
centration during the cycling study. 

The elution peaks have an average 
volume of 7.5 mL (at 50 mAU threshold) 
and an average concentration of 2.25 
mg/mL over the course of 100 cycles. In 
cycles 40, 50, and 60, the fractionation 
threshold was decreased to collect the 
complete elution step to use it in a later 
viral clearance study (see viral clearance 
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Step Fluid/buffer
Volume 

[MV]
Flow 

 [MV/min]

Time of 
process 

step [min]

Equilibration 1 x PBS pH 7.4, 16 mS/cm 10 10 1

Load Clarified harvest with 
concentration of 1.9 g/L

8 5 1.6

Wash 1 x PBS pH 7.4, 16 mS/cm 10 10 1

Intermediate  
salt Wash

1 x PBS pH 7.4, 1M NaCl 10 10 1

Wash 1 x PBS pH 7.4, 16 mS/cm 10 10 1

Elution

0.1 M HAc pH 2.9 with 150 mM 
NaCl, 16 mS/cm

peak fractionation with threshold 
50 mAU

15 5 3

Reequilibration 
after elution

1 x PBS pH 7.4, 16 mS/cm 10 10 1

CIP  
(after every 10  
cycles, upflow)

0.5 M NaOH
15 (45 
after 

cycle 60)
3

5 (15 after 
cycle 60)

Wash after CIP 
(upflow)

1 x PBS pH 7.4, 16 mS/cm 25 10 2.5

Table I. Purification protocol applied for cycling study with convecdiff membrane at AGC 
Biologics. PBS is phosphate buffered saline. HAc is hydrogen acetate (acetic acid). NaCl 
is sodium chloride. CIP is clean in place. NaOH is sodium hydroxide.



24     BioPharm International February 2023   www.biopharminternational.com

study section in this article). Due to this 
decrease in the fractionation threshold, 
the corresponding eluate concentrations 
are only around 1.0 mg/mL. Cycle 81 
exhibited a higher eluate concentration 
due to an error in setting the UV base-
line for that run, resulting in a sharper 
eluate peak being collected. 

The yields observed were around 
100%. Yields above 100% are a meas-
urement artifact of the two different 
methods used (NanoDrop and Octet) 
for determining product concentration 
in purified eluate and clarified harvest 
fluid. The measurement data from cycles 
1 and 10 were corrupted and therefore 
not shown in Figure 3.

In comparison to the f irst inter-
nal cycling study in part 1, the yields 
observed here are higher, whereas the 

eluate concentrations are lower. This 
discrepancy is a result of the lower 
threshold applied for elution peak frac-
tionation (50 mAU [AGC] instead of 
100 mAU [internal]).

The host cell protein (HCP) con-
taminants were measured with an Octet 
RED 96e (FortéBio) using Anti-CHO 
HCP Dip and Read Biosensors with 
Cygnus detection antibodies (part num-
ber 18-5081 from FortéBio). Figure 4 
shows the HCP concentrations and 
log reduction values (LRVs). The HCP 
concentration and LRVs were constant 
over the course of the 100 cycles per-
formed. Moreover, no significant dif-
ference in HCP concentrations or LRVs 
before and after CIP is observable. The 
determined LRVs are between 2.5 to 
3.0 and are thereby in the same range 

as for the other prototype device. These 
LRVs are comparable to those achieved 
with resin materials (2).

Moreover, Protein A leachables were 
measured with an Octet RED 96e 
(FortéBio) using Residual Protein A 
Dip and Read Biosensors (part number 
18-5128 from FortéBio). Figure 5 gives 
an overview on the leached Protein A at 
up to 100 cycles. The measured concen-
tration is below 4 µg/g. This low con-
centration may be interpreted as minor 
leaching compared to resin materials (3). 
However, the leached Protein A con-
centration also depends on the materi-
al’s ligand density, which is unknown 
for most resin materials. Therefore, it is 
hardly possible to compare the concen-
tration of leached Protein A.

In conclusion, the cycling study with 
this prototype including the convecdiff 
membrane showed a robust perfor-
mance of the novel membrane at up to 
100 bind-and-elute cycles. The observed 
chromatograms did not show any devi-
ations or trends, and the measured qual-
ity attributes (yield, concentration, HCP 
concentration, and leachables) remained 
constant throughout all cycles. The pres-
sure drop showed an increase during 
cycling, but this limitation was overcome 
by adapting the CIP procedure to the 
requirements of this feed stream.

VIRAL CLEARANCE CAPABILITY
The viral clearance capability of 
used and unused convecdif f mem-
branes was tested at Sartorius Stedim 
BioOutsource Limited (Newhouse, 
United Kingdom). Two model viruses, 
minute virus of mice (MVM) and 
murine leukemia virus (MuLV), were 
cleared separately in duplicate runs on 
both used and unused convecdiff mem-
brane prototype devices. Properties of 
these viruses can be seen in Table II. 

The viral clearance study was per-
formed using the same lot of clarified 
harvest with the mAb that was used in 
the cycling study performed at AGC 
Biologics. The convecdiff membrane pro-
totype devices for the viral clearance 
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Figure 1. Ultraviolet (UV) signals (solid line) and observed pressure drop (dashed 
line) during the purification of monoclonal antibody-containing supernatant over 
100 bind-and-elute cycles with a convecdiff membrane prototype device.
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Figure 2. Observed pressure drop during load (5 MV/min) and intermediate salt 
wash (10 MV/min) during 100 bind-and-elute cycles with a convecdiff membrane 
prototype device.
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study were of the same type as the one 
used for the cycling study (4.0 mm bed 
height and 1.0 mL membrane volume). 
Four unused convecdiff membrane pro-
totype devices were used for the viral 
clearance runs requiring an unused 
device (one for each run), and the 
device used in the cycling study at up to 
100 cycles was used for runs requiring a 
used device. To avoid potential carryo-
ver, an extended CIP was included after 
each run of the used device, and runs 
spiked with MuLV were performed 
before those of MVM, which is more 
resistant to physico-chemical stress. 
The whole viral clearance study was 
carried out on a chromatography system 
(ÄKTA Avant 150, Cytiva). Spiked 
load material was prepared by spiking 
virus stock solutions into 0.22-µm-fil-
tered clarif ied harvest material at a 
2% spike ratio. Titer of virus used for 
spiking was approximately 108 TCID50/
mL for MVM and 107 TCID50/mL for 
MuLV. The applied protocol for opera-
tion is specified in Table III.

The purif ication protocol (Äkta 
method) contains pre-use flush, pre-use 
CIP, equilibration, loading, wash, inter-
mediate wash, and elution. For pre-use 
flush, equilibration, and wash phosphate 
buffered saline (PBS) buffer was used. 
The equilibration step was performed 
until pH stabilized at pH 7.4. An inter-
mediate wash step was implemented 
with PBS buffer containing a high con-
centration of sodium chloride (NaCl). 
Elution was done with acetic acid buffer 
containing NaCl. A CIP step was 
done before every viral clearance run 
for every device. For the device used 
in the cycling study (“used” device in 
the viral clearance study) CIP was also 
performed after every viral clearance run 
to re-use it for the next viral clearance 
run. In all cases, CIP was performed 
in the upflow direction to ensure that  
possible fouling substances are flushed 
out, rather than through the device. CIP 
was done with 15 MV at 3.0 MV/min, 
with an additional 60-minute hold for 
CIP of the cycled device.
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Figure 3. Yield and concentration of monoclonal antibody in the eluate  
fractions collected during 100 bind-and-elute cycles with convecdiff  
membrane prototype device.
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Figure 4. Concentration and logarithmic reduction values (LRVs) of host cell 
protein (HCP) impurities in selected eluates during 100 bind-and-elute cycles 
with convecdiff membrane prototype device.
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Figure 5. Residual Protein A concentration in selected eluate fractions collected 
during 100 bind-and-elute cycles with convecdiff membrane prototype device.
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A summary of the results of the 
viral clearance runs is presented in 
Table IV. The TCID50 assay is an 
endpoint assay def ined as the dilu-
tion or extrapolated dilution of virus 
required to theoretically infect 50% 
of the inoculated cultures. To distin-
guish between physical removal versus 
inactivation of virus due to low pH of 
elution, real time quantitative poly-

merase chain reaction (RTqPCR) was 
also performed for MuLV because of 
its low physiochemical resistance.

For both used and unused conv-
ecdiff membrane devices, high LRVs 
(> 4) are achieved as determined by 
TCID50 assay for MuLV clearance. 
No difference in LRV is observable 
between used and unused membrane 
adsorbers. With RTqPCR assay, only  

mediocre LRVs ranging mostly from 
2.0 to 3.0 were achieved for MuLV 
in both used and unused devices. 
Interestingly, used membrane adsorber 
devices featured a LRV of about 1.0 
log10 higher than unused membrane 
adsorber devices, indicating that 
MuLV was removed to a greater 
extent in the used membrane. For 
MVM, moderate LRV of 2.0–3.0 were 
achieved as determined by TCID50 
assay for both used and unused con-
vecdiff membrane devices. Similar to 
MuLV removal, the used membrane 
adsorber device produced LRV of 
about 1.0 log10 greater than the unused 
membrane adsorber, indicating that 
MVM was removed to a greater extent 
by the used membrane.

Both used and unused membrane 
adsorbers exhibited noteworthy clear-
ance of MuLV and MVM virus, with a 
distinct trend of increased virus removal 
by used membranes. The log virus 
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Virus Family Structure/
genome

Size 
[nm]

Physico-chemical 
resistance Characterization

MuLV Retroviridae Enveloped, single 
stranded RNA 80–110 Low

Represents a non-defective C type retrovirus.  Typical model virus for endogenous 
C-type retrovirus-like particles produced in Chinese hamster ovary (CHO) cell 

lines.  Mandatory for biological products derived from CHO cell lines and 
monoclonal antibody products.

MVM Parvoviridae Non-enveloped, 
single stranded DNA 18–24 High

Model for Human parvovirus B19, representing a severe test of the downstream 
process.  Parvoviruses are known contaminants of CHO cell fermenters and are also 

potential contaminants of rodent derived biopharmaceuticals.

Table II. Properties of viruses used in the viral clearance study. MuLv is murine leukemia virus. MVM is minute virus of mice. 

Step Fluid/buffer Volume [MV] Flow [MV/min] Time of process step [min]

Pre-use flush 1 x PBS pH 7.4, 16 mS/cm 10 5 2

Pre-use CIP (upflow) 0.5 M NaOH 15 3 5

Equilibration 1 x PBS pH 7.4, 16 mS/cm ~30 10 1

Load Clarified harvest with concentration of 1.9 g/L 10.43 5 1.6

Wash 1 x PBS pH 7.4, 16 mS/cm 10 10 1

Intermediate salt wash 1 x PBS pH 7.4, 1M NaCl, 16 mS/cm 10 10 1

Wash 1 x PBS pH 7.4, 16 mS/cm 10 10 1

Elution 0.1 M HAc, 150 mM NaCl, pH 2.9, 16 mS/cm
peak fractionation threshold 50 mAU 15 5 3

Reequilibration 1 x PBS pH 7.4, 16 mS/cm 10 10 1

CIP for cycled Device (upflow) 0.5 M NaOH 15 (followed by 
60-minute hold) 3 65

Wash after CIP (upflow) 1 x PBS pH 7.4, 16 mS/cm 5 10 2.5

Table III. Protocol for viral clearance study with convecdiff membrane devices. PBS is phosphate buffered saline. CIP is clean 
in place. NaOH is sodium hydroxide. NaCl is sodium chloride. HAc is hydrogen acetate (acetic acid).

Membrane/device Virus LRV by TCID50 assay [-] LRV by RTqPCR [-]

Used MuLV >4.73 2.92

Used MuLV >4.48 3.39

Unused MuLV >5.34 2.07

Unused MuLV >4.72 1.97

Used MVM 3.08

N/A
Used MVM 3.09

Unused MVM 2.04

Unused MVM 2.22

Table IV. Summary of viral clearance behavior with convecdiff membrane prototype 
devices. LRV is logarithmic reduction value. RTqPCR is reverse transcription-quantitative 
polymerase chain reaction. MuLV is murine leukemia virus. MVM is minute virus of mice. 
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reduction achieved by both unused and 
used convecdiff membranes in this study 
is on par with most Protein A resin pro-
cesses, which typically achieve 2.0–4.0 
log10 reduction of MuLV and 1.0–3.0 
log10 reduction of MVM (2). 

CONCLUSION
The newly developed convecdiff Protein 
A membrane was introduced in this 
study and its performance regarding 
mAb capture in bind-and-elute mode 
was successfully demonstrated. 

Different membrane prototype 
devices were tested in two independ-
ent studies at up to 200 cycles (part 1) 
and 100 cycles (part 2). In both cases, 
the analyzed critical quality attributes, 
yield, and LRV of different contami-
nants are constant over all the cycles 
performed. No loss in performance was 
observed. The performance indicators 
and the viral clearance abilities of the 
material are comparable to state-of-
the-art materials. These aspects under-
line the robustness and applicability of 
the convecdiff material.

Due to its characteristics and robust-
ness, the convecdiff membrane is suited 
for rapid cycling chromatography. This 
approach purifies large amounts of tar-
get component by a multitude of suc-
cessive bind-and-elute cycles. By rapid 
cycling chromatography, high process 
productivity is reached and lifetime 
capacity utilization of the membrane 
adsorber is possible during purif ica-
tion of one batch. Lifetime capacity 
utilization during one batch is key to 
overcoming a multitude of drawbacks 
associated with the current state-
of-the-art industry practice, namely 
packed bed chromatography. First, 
clinical material can be produced with 
the rapid cycling approach at lower 
cost because Protein A resin is typically 
underutilized, and bulk resin purchase 
is avoided. Second, non-value adding 
activities related to the actual purifi-
cation process (e.g., column packing, 
cleaning validation of columns, storage) 
are reduced to a minimum. Third and 

most important, bioburden risks asso-
ciated with packed bed column chro-
matography are eliminated because 
column storage between batches and 
re-use of the packed bed over multiple 
batches are no longer required. 
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A multi-column chromatography platform
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Accepting Alternative Approaches 
to Freeze Drying

Alternative approaches to freeze drying are gaining popularity and will help to 
overcome some of the challenges associated with conventional lyophilization.

FELICITY THOMAS

T he biopharmaceutical market is experiencing continued 
growth—forecast to reach $769.45 billion by 2030 (1)—
driven by factors such as an aging population and the 

increasing prevalence of chronic diseases. Additionally, thanks 
to the ability of biopharmaceuticals to treat diseases that were 
once considered ‘untreatable,’ there is a greater acceptance of 
these therapies across the board within the industry.  

Biopharmaceutical drugs, however, are intrinsically unstable 
and predisposed to degradation and may require processes 
that can maintain the product’s stability during storage and 
transport. “Protein-based biologics are susceptible to various 
stresses such as temperature excursions, pH shifts, shear, inter-
facial adsorption, moisture, organic solvents, and so on. Some 
biologics are less stable in their liquid state and may undergo 
hydrolysis, thereby, leading to protein aggregation and/or 
denaturation. Moreover, the storage and transport of bulk 
products in their liquid or frozen state increases the need for 
cold chain shipping requirements and validation,” confirms 
Ashutosh Sharma, researcher, Pharmaceutical and Molecular 
Biotechnology Research Centre, SETU Waterford (Formerly, 
Waterford Institute of Technology), Ireland. “To combat some 

of these challenges, freeze-drying of biologics is deemed suit-
able for many products.”

OF UTMOST IMPORTANCE
Freeze-drying, or lyophilization, of therapeutic products is a 
well-established technique within industry. The batch freeze 
drying process is commonly used for a variety of biologics, such 
as enzymes, antibodies, fusion proteins, nanobodies, vaccines, 
hormones, and gene therapy products, according to Sharma. 
“Some advantages of freeze drying include improved stability 
and shelf-life of labile biologics, reduced chemical decompo-
sition and cold chain requirements, and low residual moisture 
content post-processing,” he says.

According to market research, the global market for lyo-
philization services for biopharmaceuticals is expected to 
grow at a compound annual rate of 10.1% between 2022 and 
2030  (2). This growth is undoubtedly reflective of the increas-
ing demand for biopharmaceuticals that is being witnessed by 
industry as a result of the therapies’ high specificity for treating 
widespread diseases, as well as their improved interactions with 
cellular receptors and other biomolecules, Sharma notes.

Manufacturing
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“Being high-value products, ensuring a 
high standard of safety, quality, and effi-
cacy of [biopharmaceuticals] is of utmost 
importance,” says Sharma. “As per a 
review by Gervasi et al. (3), nearly 34% of 
biologic products are lyophilized formu-
lations in the European market. Two key 
drivers for this technique are to improve 
and increase the shelf-life of biologic drug 
products and to reduce complexities asso-
ciated with cold chain requirements of 
liquid and/or frozen bulk products while 
the technique itself has its own challenges.”

CONVENTIONAL CHALLENGES
When freeze drying drug products, there 
are several fill/finish unit operations in 
addition to lyophilization, such as freeze 
thawing, time out of refrigeration, vial 
filling, and so on, that need to be consid-
ered which could potentially impact the 
products’ critical quality attributes (CQAs), 
Sharma stresses. However, focusing on 
conventional lyophilization, which is one 
of the major unit operations for freeze-
dried products, there are a few key chal-
lenges that should be noted, he states.

“Firstly, long processing times that 
could vary from days to weeks with 
high capital costs and high energy con-
sumption leading to reduced efficiency 
in the overall process [is a significant 
challenge],” Sharma says. 

Then, there is the potential for some 
biologics to experience cold denaturation 
during the freeze drying process, Sharma 
continues. “The requirement for appro-
priate formulation components including 
cryoprotectants and lyoprotectants as well 
as their impact on the overall glass transi-
tion temperature and melt temperature is 
very essential at the formulation develop-
ment stage prior to lyophilization,” he says.

Other concerns pertain to the heat 
and mass transfer, as well as scaling up 
of the process—all of which are under 
discussion—which can be dependent 
upon the dryer designer, container clo-
sure, load condition, and product for-
mulation, Sharma emphasizes. “Vials 
situated on the edge of the shelves dry 
faster than vials present in the center 

due to radiation from the chamber 
walls which causes issues of vial-to-vial 
heterogeneity,” he says.

“Moreover, being a static process, 
[lyophilization] increases the risk of 
rejection of the entire batch in case of 
process failure. A batch process is lim-
ited to processing small volumes of unit 
doses which increases the requirement 
for a large number of vials,” Sharma 
specifies. “Human intervention during 
the process can increase the risk of con-
tamination despite current good manu-
facturing practices (CGMP).”

Furthermore, Sharma points out that 
the reconstitution of certain high con-
centration freeze-dried protein cakes 
can prove problematic and lengthy 
when compared with free-flowing pow-
ders that are produced by alternative 
drying techniques.

And these challenges are also evolving 
in the wake of the continued advance-
ment and increasing complexity of the 
biopharmaceutical therapies in devel-
opment. “To meet the needs of patients, 
some biologic products are required in 
multiple dose strengths. Each dose 
strength requires a completely different 
lyophilization cycle with additional qual-
ification and validation for different fill/
finish unit operations, primary packaging 
components supply chain, sterilization 
and clean validation, container closure 
integrity, and so on, thereby, increasing the 
complexity of this technique for certain 
drug products,” Sharma states.

ALTERNATIVE APPROACHES
“To combat some of the challenges asso-
ciated with conventional lyophiliza-
tion, alternative drying technologies 
are gradually gaining popularity for 
the manufacturing of biopharmaceuti-
cals,” asserts Sharma. Continuous pro-
cesses, such as the Spin-freeze-drying 
unit doses technology developed by 
RheaVita and Ghent University  (4), 
or alternative approaches, such as 
Electrostatic spray-drying developed by 
Fluid Air (5), have been gaining interest 
within industry. Further innovative dry-

ing techniques have been detailed in a 
paper by Sharma et al. (6).

“Along with some of the continuous 
and alternative drying technologies 
described above, process as well as prod-
uct characterization are essential require-
ments as per CGMP,” Sharma says. 

“Product and process characterization 
can be achieved by using process ana-
lytical technologies (PATs) and offline 
characterization techniques. These tech-
nologies allow to identify and evaluate 
critical process parameters and CQAs 
and may also aid in establishing a cor-
relation between the two.” 

Numerous advanced techniques have 
been evaluated as PAT tools for lyo-
philization and alternative drying tech-
nologies for biologics, Sharma explains. 
“Overall, these techniques will aid in 
improving the existing process by pro-
viding more insights and better under-
standing of both the process and the 
product,” he concludes.  
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Current Trends in Host Cell Protein 
Detection for Biologics Manufacturing

In this paper, the authors lay out some commonly accepted 
HCP analytical methods, the challenges of HCP assay, and 

provide recommendations on what can easily be accomplished 
in-house and when it may be better to outsource.

ZHIPING YAO, WESLEY WANG, AND WEICHANG ZHOU

B iologics, especially protein drugs, are often produced 
in cultured cells. Those cultured cells, called host cells, 
synthesize the target proteins along with the proteins 

coded by the cell genome for the cells’ own survival, function, 
and reproduction. Purifying the target protein from the other 
host cell proteins (HCPs) is the main task for downstream 
processing of biologics manufacturing.

HCP removal is crucial, as HCPs are often immunogenic 
and can affect the potency and stability of biologics. Therefore, 
detection and quantification of residual HCPs are categorized 
as obligatory critical quality attributes in the biologics manu-
facturing process, and HCPs are strictly monitored through-
out production to ensure safety and potency of the products. 

There are thousands of types of HCPs within one cell. For 
example, Chinese hamster ovary (CHO) cells, which are 
often used in biologics production, have more than 24,000 
coded genes (1), making HCP detection a challenging tech-
nique, as both assay breadth (number of HCPs detected) 

and sensitivity are required. In this paper, the authors lay 
out some commonly accepted HCP analytical methods, the 
challenges of HCP assay, especially during late clinical stages 
(process characterization and validation stages), and pro-
vide recommendations on what can easily be accomplished 
in-house and when it may be better to outsource, due to time, 
cost, and expertise factors. 

ELISA AND HCP ANTIBODY  
COVERAGE EVALUATION 
The most common assay method for HCP detection is 
enzyme-linked immunosorbent assay (ELISA) which utilizes 
pre-raised HCP antibodies to detect HCPs in samples. As 
it utilizes enzymes to amplify the signal, ELISA is highly  

Outsourcing

ZHIPING YAO is an executive direc tor at WuXi Biologics.  
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sensitive and can detect HCPs at a level 
of 1-3ng/mL. ELISA is quality control 
friendly and is used as a product release 
assay for nearly all biological products.

The difficult part of HCP ELISA 
is the coverage assessment of HCP 
antibodies.  HCP antibody coverage 
data are often requested by regulatory 
agencies to support the use of an HCP 
ELISA as early as investigational new 
drug application (IND) stage. Two-
dimensional (2-D) gels followed by 
Western blot analysis or immunoaffinity 
purification followed by 2-D gel analy-
sis are often the choices for HCP anti-
body coverage evaluation. 

Two-dimensional gels separate proteins 
by size and charge, and those proteins 
are then transferred to a membrane that 
is incubated with HCP antibodies for 
Western blot detection (Figure 1a and 
1b, courtesy of Xiaoqing Zhu, WuXi 
Biologics). The technical challenges here 
are the large size of the gel, which holds 
thousands of proteins, and the need of 
transferring those thousands of proteins 

to a membrane under one voltage and 
time condition, plus the alignment of each 
protein on the gel with the corresponding 
protein on the membrane, making it a 
task more suitable for experienced and 
well-equipped labs.  There are many expe-
rienced contract laboratories available to 
assist in this more complex analysis.

Coverage evaluation using immu-
noaffinity purification followed by 2-D 
gel analysis involves generation of HCP 
antibody conjugated resin and running 
2-D gels for total HCPs and affinity-pu-
rified HCPs separately (Figure 1c 
and 1d, courtesy of Muchen Li, WuXi 
Biologics). Both the antibody conjuga-
tion step and the HCP purification step 
need multiple experiments for optimi-
zation, and often consume mg level of 
HCP antibodies. This analysis could 
take a long time and become quite costly. 
Outsourcing to an experienced lab might 
be a good option.

The total HCPs needed for cover-
age evaluation are usually produced in 
bioreactors using null cell lines (cells 

transfected with gene of interest [GOI] 
deleted plasmids) under conditions sim-
ilar to product manufacturing. Because 
both plasmid transfection for null cell 
generation and cell growth in a bioreactor 
are typically available for most biological 
drug development labs, those activities 
could be conducted in-house instead of 
outsourcing.  

PLATFORM- AND PROCESS- 
SPECIFIC HCP ELISA
Several commercially available ELISA-
based kits are on the market for HCP 
detection.  These “off-the-shelf ” kits are 
ideal for preclinical process development 
support, as most protein analytical labs 
have the requisite equipment and trained 
personnel to utilize these kits. The cost of 
using these kits can potentially be more 
affordable than outsourcing. 

However, as biologics development 
moves towards late stage (i.e. Phase III 
and beyond), it is a regulatory expectation 
that more thorough analytical characteri-
zation and assay qualification activities be 

Outsourcing

Figure 1. Host cell protein (HCP) antibody coverage illustration. 1a. Total HCPs on 2-dimentional gels; SYPRO Ruby stained; 
1b. HCPs detected by HCP antibodies on membrane by Western Blot; 1c. Total HCPs on 2-dimentional gel, Cy3 fluorescent 
dye labeled; 1d. Eluted HCPs from affinity resin on 2-dimentional gel, Cy5 fluorescent dye labeled. 

A. B. C. D.

Figure 2. Procedure of developing key reagents for platform or process specific host cell protein (HCP) enzyme-Linked 
ImmunoSorbent Assay (ELISA).
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applied to ensure process robustness and 
product quality. For HCP detection, the 
commercial HCP ELISA is expected to 
be replaced by either a platform HCP 
ELISA (developed from the use of the 
same CHO host cell line across multi-
ple products) or process specific HCP 
ELISA (2). A concern from regulators, 
as well as empiracal observation from 
industry, is that the commercially avail-
able kits do not have breadth of antibody 
coverage of the HCPs that are produced 
by the specific production host cell line in 
use and therefore may miss the ability to 
detect certain low level HCPs that may 
co-purify with the product.  

To develop a platform- or pro-
cess-specific HCP assay, three key 
reagents are needed: HCP standards, 
anti-HCP antibodies, and enzyme con-
jugated HCP antibodies. The process 
(Figure 2) of making the key reagents 
can take a year or longer and requires 
animal facilities, specialized equipment, 
and expertise. To ensure this process 
goes smoothly, it is recommended that 
the activities of developing those spe-
cific HCP ELISA assays to be out-
sourced to the more experienced labs. 

Some companies achieve better assay 
performance of the platform- or pro-
cess-specific HCP ELISAs. The cov-
erage of HCP antibodies prepared for 
a specific platform or process could be 
20 percentage points higher (i.e. from 
60% to 80%) than the coverage from a 
commercial generic HCP ELISA, and 
better sample dilution linearity could be 
observed because more specific antibod-

ies are available for the HCPs to bind 
in the platform or process HCP ELISA 
than in commercial ELISA (Figure 3, 
courtesy of Xingli Gao, WuXi Biologics).

LC-MS: ORTHOGONAL 
METHOD FOR HCP 
IDENTIFICATION
HCP ELISA sometimes fails to detect 
certain HCPs due to limitations of anti-
body type and amount. Mass spectrom-
etry-based HCP analysis could serve as 
an orthogonal method to help identify 
HCPs. To do this, samples containing 
HCPs are digested into peptides and ana-

lyzed by liquid chromatography–mass 
spectrometry (LC-MS), and the results 
are compared with the entire host cell 
proteome to identify the exact HCPs in 
the samples. Either hundreds of HCPs 
as in harvested cell culture fluid (HCCF) 
or a few HCPs from highly purified  
product samples could be identified 
(Figure 4, courtesy of Song Klapoetke, 
Wuxi Biologics). Proper purification 
operations could then be designed and 
protein specific analysis could be applied.  

Mass spectrometry is a specialized 
technique. Though it is powerful to 
identify unknown proteins, the results 

Outsourcing

Figure 3. Dilution linearity comparison for commercial host cell protein (HCP) 
assay (top) versus platform HCP assay (bottom).
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The decision as to 
which activity to 

outsource depends 
on the internal 
resources and 

expertise.
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are just semi-quantitative and the 
instruments are costly. One can build a 
proteomic LC-MS lab if needed often, 
otherwise outsourcing of HCP analysis 
by LC-MS could be considered.

OUTSOURCING:  
A VIABLE CHOICE FOR  
HCP-RELATED ACTIVITIES
Even though HCP detection is a rou-
tine assay required for nearly all bio-
logics manufacturing, the full scope of 
HCP-related activities is not routine 
and requires expertise, time, and some-
times costly instruments to conduct all 
assay qualification activities. Thus, out-
sourcing has become a viable option for 
many drug developers. The decision as 
to which activity to outsource depends 
on the internal resources and expertise, 
with considerations of instrument cost 
and time needed to complete the activi-
ties. It can be recommended to keep the 
routine activities in-house and outsource 

non-routine activities to external expert 
labs, as shown in Table I. This way, one 
can concentrate the limited resources on 
the key activities of biologics develop-
ment and manufacturing and move the 
whole process forward more efficiently. 
It should also be evaluated if performing 
all activities with a single lab or company 
would be more efficient and cost effective.
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Figure 4. Liquid chromatography mass spectrometry (LC-MS) analysis of host cell proteins (HCPs). Left: HCPs from 
harvested cell culture fluid, 533 identified, with distribution of pI and molecular weight positioned; Right: seven HCPs 
identified in the post-purification sample. Sizes of the spheres stand for relative abundance of those HCPs.

Activity Stage 
needed

Expertise 
needed

Equipment 
cost

Length of 
time

Recommendation 
for outsourcing

Commercial Enzyme-Linked Immuno 
Sorbent Assay (ELISA) Early and late ++ ++ + No

Antibody coverage evaluation Early and late ++++ +++ ++ Yes

Null cell line generation; Total HCP production Early and late ++ ++ ++ No

Platform HCP ELISA development Early or late +++++ ++ +++++ Yes

Process-specific ELISA development Late +++++ ++ +++++ Yes

HCP identification by liquid chromatography mass 
spectrometry (LC-MS) Early or late +++++ +++++ +++ Yes

Table I. Factors to consider for outsourcing of host cell protein (HCP)-related activities.
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