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Chairman’s Letter

W   hile innovation and invention can sometimes be 
daunting, the willingness and capacity to harness 
automation and artif icial intelligence to improve 

drug manufacturing is becoming a differentiator in the indus-
try. Those who embrace, integrate, and perfect these new 
approaches stand to make signif icant gains over all rivals. 
Costs associated with a product recall in terms of human suf-
fering, lowering brand status, and direct f inancial loss make 
new solutions highly attractive additions.

Yet adding layers to an already complex set of manufacturing 
procedures and practices creates renewed challenges. Initially, 
costs must rise before being offset by the new efficiencies. On 
top of that, the social and marketing directives to become green 
and sustainable must also be considered, accounted for, and 
scheduled. Further still, labor and education training challenges 
require still more thought and planning. 

On balance, effective adoption boils down to execution. 
Those who do not embrace methods, such as continuous man-
ufacturing or intelligent process controls, will eventually lose 
customers and contracts while the industry moves forward. 
The real question becomes not should we, but when should 
we adopt, how, and which elements best suit our own niche. 
Rather than embarking on an ad hoc scramble to “keep up”, 
it appears wisest to continually track emerging trends that 
are going to require absorption. Journals such as BioPharm 
International, Pharmaceutical Technology, and Pharmaceutical 
Technology Europe are uniquely placed to carry some of this 
radar burden for you.

This entire set of decisions places an emphasis on direct 
experience and know how. Initia l ly this rests on existing 
staff, or maybe those in combination with outside consultants 
who specialize in systems integration and legacy updates. 
However deployed, the way forward requires keeping an eye 
on innovation and invention as a key constant in a changing 
landscape. We are proud to continue being your partners in 
this endeavor. 

Mike Hennessy Sr
Chairman and Founder
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From the Editor

New Beginnings

I    have the privilege to step into the shoes of an industry pow-
erhouse. For a decade, Rita Peters kept a steady and assured 
gaze on the pharmaceutical industry. She informed, she 

educated, but above all Rita maintained a faithful register of its 
many successes and milestones. My career began by setting the 
science agenda for biotech conferences. People were friendly. 
The air was brimming with optimism and adventure. Genetics 
rapidly became genomics, and human health was poised for 
transformation. I enjoyed the distinction of co-founding the 
Human Proteome Organization alongside my friend and men-
tor Ian Humphrey-Smith.

 While gains have taken time, one can draw a straight line 
from those turn-of-the-millennia days to a growing body of 
successful cell and protein therapies. In the background, the 
bulk of the heavy lifting was achieved through the hard work 
of small molecules. As I write, three (non-intravenous) antivi-
ral pills undergo clinical trials for COVID-19.  Molnupiravir 
comes from Merck & Co. and Ridgeback Biotherapeutics. 
Another comes from Pfizer, known as PF-07321332, and 
AT-527, from Roche and Atea Pharmaceuticals. I mention 
these because they represent a sea-change from how we typi-
cally treat emerging pathogens. We have evolved and adapted to 
this new threat.  The pharmaceutical industry has come a very 
long way from medicinal plants shipped in barrels.

 Med ia out let s  such a s  BioPharm Inte r national , 
Pharmaceutical Technology, Pharmaceutical Technology Europe, 
and are not mere impartial observers. We help align the warp 
and weft of the development and manufacturing agenda. As 
we emerge from the shadow of COVID-19, the air brims 
with optimism and adventure again. We look forward to 
sharing our stories and learning from our readers. Our chief 
objective is to continue the legacy of excellence that is now 
synonymous with these publications so that we may build 
carefully upon the community and network our editors have 
long been integral to. It is my honor to work alongside a 
strong publishing team including expert editors Jennifer 
Markarian, Feliza Mirasol, Meg Rivers, Felicity Thomas, 
Susan Haigney, Grant Playter and publisher Mike Tracey. 
The team roster has changed, but not the goal line. ◆

Change of roster 
does not change 
the goal line. We are 
all patients first.

Chris Spivey is  
the editorial director of  
BioPharm International.
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I n an important step for modernizing 
drug formulation and biopharmaceu-
tical development, FDA is launching a 

program to test the safety and suitability of 
novel excipients for use in new drugs and bio-
logics. This final initiative, first proposed two 
years ago, will support a pilot program to test 
up to four novel excipients likely to improve 
the effectiveness and safety of important new 
drugs (1). The aim is to encourage sponsors 
of clinical trials to test new drugs formulated 
with excipients that FDA finds acceptable for 
use under this program. 

FDA announced the pilot program Sept. 7, 
2021, and spelled out the application process 
in a Federal Register notice (2). The notice 
explains that the pilot is open to novel excip-
ients that have not been used previously in 
food or in FDA-approved products. Excipient 
manufacturers seeking to participate in the 
pilot should submit information on the novel 
inactive ingredient and its potential for 
enhancing health by offering pharmacoki-
netic characteristics important to developing 
new drugs, as described in an outline for an 
initial proposal (3). The sponsor also must 

show it can produce a complete 
information package in the set time 
frame for weighing pilot proposals. 
Initial pilot review proposals are 
due at FDA by Dec. 7, 2021. 

FDA def ines  a  novel  exc ipi -
ent as an inactive ingredient that 
is not fully supported by exist-
ing safety data related to a pro-
posed level of exposure, duration 
of exposure, or route of adminis-
t rat ion.  Manufac t urer s  shou ld 
describe how the product addresses 
a public health need and advances 

drug development, such as by increas-
ing solubility for an oral formulation taken 
chronically. Sponsors also, should describe 
available quality and toxicology informa-
tion that support the product’s safety, such 
as pharmacokinetic/toxicokinetic data and 
other nonclinical information, as presented 
in FDA guidance issued in 2005 (4).  

From these submissions, FDA will select four 
products for full review under the pilot, plan-
ning for two during the first year. Selected 
participants then should provide a full data 
package of toxicology and chemistry, manu-
facturing, and controls (CMC) quality data, as 
required for excipients. If the excipient passes 
muster, FDA will determine that it may be used 
in the formulation for an experimental drug 
undergoing clinical trials, provided that the 
sponsor demonstrates that it is safe to use in 
that therapy. After FDA approves a new drug or 
biologic utilizing the new excipient, that excip-
ient would then be added to FDA’s Inactive 
Ingredient Database, making it available for 
use by other manufacturers, including those 
producing generic drugs. 

Manufacturers of drugs and biologics, 
as well as excipient developers, have long 
sought a process for FDA to evaluate new 
inactive ingredients prior to use in a new 
drug or biologic. A perennial difficulty is that 
new drug sponsors are reluctant to delay or 
complicate FDA review and approval of an 
investigational new drug (IND) for an exper-
imental therapy due to the need to assess an 
untried inactive ingredient in the product 
formulation. Yet, these firms increasingly 
face difficulties in formulating innovative 
products with available, established excipi-
ents. Biopharma companies have expressed 
support for the pilot as a way to address these 

Jill Wechsler is  
BioPharm International’s 

Washington editor,  
jillwechsler7@gmail.com.

A new program will test the safety and suitability of new inactive  
ingredients to encourage the accelerated adoption of FDA-accepted  
excipients in drug development.

FDA Moves to Advance Innovative Excipients
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development challenges, such as 
the need for new ways to stabi-
lize proteins for bioavalability in 
new formulations. Excipient mak-
ers similarly acknowledge that 
they would be more willing to 
invest in production, controls, 
and character ization of novel 
excipients if it’s possible to gain 
FDA review of the product’s ben-
efits outside of clinical testing for 
a new molecular entity. 

FDA first proposed this process 
for evaluating novel excipients 
separate from new drug applica-
tions in a Federal Register notice 
posted in December 2019 (5). That 
draft plan asked manufacturers to 
comment on the proposed pro-
gram, its definitions and scope, 
and FDA sought to address these 
issues in this final proposal.  

It appears fitting that FDA is 
launching this novel excipients 
pilot program as the International 
P h a r m a c e u t i c a l  E xc i p i e n t s 
Council, IPEC-Americas, marks 
its 30th anniversary. IPEC held its 
first meeting in March 1991, with 
the aim of harmonizing excipient 
standards set by different phar-
macopeias and to address world-
wide issues important to excipient 
use. Manufacturers of these essen-
tial ingredients in pharmaceutical 
formulations note that many well-
known excipients that have been 
used for decades are not suited to 
the novel dosage forms and par-
enterals under development today 
(6). Industry also would like to 
see an update of FDA’s 2005 guid-
ance on excipient safety testing, 
mentioned previously. These ini-

tiatives, as well as ongoing efforts 
to set international standards for 
excipient use, have potential to 
enhance drug formulation and 
support modern manufacturing 
and quality control efforts.  
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The stars finally may be aligned for Americans to gain 
greater access to alternative biotech therapies in the 
coming months. FDA recently approved important new 
biosimilars for market, updated guidance on follow-on 
development, and reached agreement with industry 
on an agenda for advancing biosimilar testing and pro-
duction over the next five years. Of note will be access 
to the first biosimilar to treat macular degeneration, 
providing an important alternative for patients experi-
encing serious vision impairment from this and related 
eye diseases (1). That advance follows FDA authori-
zation in July of the first interchangeable biologic, a 
new treatment for diabetes that can be substituted for 
widely used Lantus insulin glargine (2).
The development of additional innovative follow-ons 

should gain from an FDA final guidance that updates 
recommendations for testing and documenting product 
similarity and interchangeability. The advisory addresses 
key issues such as demonstrating similar strengths 
of injectable biosimilars, pediatric assessments, 
postapproval manufacturing changes, dealing with 
indications covered by exclusivity, and the need for 
biosimilars to have similar routes of administration, 
dosage form, and strength to a reference product (3).
These advances will be augmented by the proposal 

for advancing biosimilar development and approval 

under the third iteration of the Biosimilar User Fee 
Act (BsUFA III). FDA recently released the agreement 
with manufacturers for a revised and expanded BsUFA 
program as spelled out in a 36-page “Commitment 
letter” (4). In posting the letter Sept. 21, 2021, FDA 
provided industry and interested parties with time to 
prepare comments and questions on this regulatory 
program for a public meeting to be held on Nov. 2, 2021 
via webcast. Information on these developments and 
on the process involved in ensuring reauthorization of 
the BsUFA program for 2023-2027 before it expires in a 
year can be found at FDA.gov (5).
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 —Jill Wechsler

Biosimilars Gain Traction with Regulators and Manufacturers
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Next-Gen Technologies Tackle 
Drug Delivery Challenges
The complexity of newer biotherapeutic molecules 

calls for alternative drug delivery strategies.
FELIZA MIRASOL

F  or a biotherapeutic to be effective at treating disease, 
the manner in which the therapeutic is delivered in 
vivo plays a significant role. The need for new, and 

oftentimes innovative, drug delivery systems is related to 
the drug substance, which informs the final formulation that 
the end product must use for optimal therapeutic effect as 
well as shelf-life stability. As such, the biopharma industry is 
exploring next-generation drug delivery approaches to meet 
the needs of new and increasingly complex biotherapeutics.

ANTIBODY POTENTIAL AND LIMITATIONS
The current challenges to biologic drug formulation center 
around antibodies, which make up the majority of biologics 
under clinical development and that are licensed for use, says 
David Bunka, PhD, chief technical officer, Aptamer Group, 
a company specializing in the development of next-gen-
eration aptamer molecules, which are derived from oligo-
nucleotides and function as an antibody alternative. Bunka 
explains that the specific targeting ability of antibodies has 
allowed leaps in therapeutic innovation and the ability to 
treat diseases in new ways. 

“Antibodies can be conjugated to a variety of payloads, 
such as small-molecule drugs for chemotherapy, radionu-
clides for radiotherapy or imaging, and oligonucleotides for 
gene therapy. However, as application of this technology has 
increased within the therapeutic pipeline, the significance of 
some of the limitations of antibodies has been highlighted,” 
Bunka says.

Biologics are typically administered via intravenous injec-
tion (IV), which allows for maximum efficacy; however, 
many of these molecules are highly sensitive to their envi-
ronment and can be rapidly denatured or can aggregate in 
vivo, Bunka explains. These events can reduce the effective 
therapeutic dose that reaches the target tissue and give rise 
to unwanted toxic side effects within the patient. 

Size is a major limiting factor in biologics formulation, 
making delivery challenging. Bunka notes that there is a 
move in drug development towards “subcutaneous injection 
as a preferred and more patient-tolerable approach.” A key 
issue, he says, is balancing the small injection volume with 
the necessary high concentration of API. “As you increase 
the therapeutic concentration, the viscosity of the dose 
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increases, which can cause problems 
with isotonicity of liquid formulations 
and make it both difficult and painful 
to administer,” Bunka says. Using large 
molecules, such as antibodies, reduces 
the potential acceptable dose for sub-
cutaneous injection. 

The large molecular size of biolog-
ics also poses another issue: access to 
the site of action in vivo. “For ther-
apeutics, such as immuno-oncology 
targeted biologics, the large size of 
antibodies often prevents them from 
penetrating solid tumors, precluding 
targeted treatment and leaving the 
therapeutic antibody in the surround-
ing tissues or blood for extended peri-
ods,” explains Bunka, adding that this 
extended residence time in tissue or 
blood can lead to further off-target or 
toxicity effects. 

Another key challenge in current 
biologic formulations is their struc-
tural complexity, says Bunka. Biologics 
are far more complex than traditional 
small-molecule drugs, which gives rise 
to difficulties in processing, logistics, 
and long-term storage. “This can cre-
ate problems with stability during pro-
cessing and has the potential to result 
in a loss of activity and increased 
immunogenicity for the biologic prod-
uct following patient administration,” 
Bunka states.

INNOVATING DRUG DELIVERY
To tackle the issues encountered in 
formulating large complex molecules 
such as antibodies, work is being done 
to develop nanoparticle drug deliv-
ery systems that can incorporate 
specific biologics for targeted deliv-
ery to the site of action, says Bunka. 

“Incorporation of biologics or thera-
peutic payloads into these nanoparti-
cles enables specific targeted delivery 
whilst forming a protective barrier 
around the specific payload to reduce 
the potential for denaturation or 
aggregation,” he says.

Bunka also states that, in order to 
deliver new treatments to help a wider 

population of patients, improve cur-
rent treatments, and make treatments 
more “patient friendly”, the biologics 
industry must continue to innovate. 
The industry must also be driven by 
new biomarkers and a more detailed 
understanding of disease. “This 
includes enabling the gaps where anti-
body-based drug delivery systems have 
not been effective to be filled,” he says. 

“Despi te  numerous  new and 
improved drugs and gene therapies 
being developed, the delivery of these 
molecules to specific cells and tissues 
remains a major translational chal-
lenge. Enabling targeted delivery of 
therapeutic molecules to the proposed 
site of action could offer better patient 
treatment across numerous indica-
tions,” Bunka states. 

He explains that targeted delivery 
to specific organs or cells, rather than 
systemic administration of the drug, is 
more effective and can come with less 
patient side-effects as well as offer-
ing the benefits of increased potency, 
flexibility in dosing, increased patient 
safety and tolerability, and the poten-
tial to address new tissues and diseases 
with these systems. 

In addition, targeted delivery sys-
tems are tuned to the specific require-
ments of the disease target and 
delivery mode. “Numerous strategies 
are being explored: f rom extending 
half-life through methods such as 
binding human albumin, to deliver-
ing chemotherapeutics into the tumor 
microenvironment of difficult to pen-
etrate solid tumors, and targeting gene 
therapies to new tissues, such as kid-
ney or the brain, to generating new 
medicines with the potential to treat 
previously intractable conditions, such 
as Alzheimer’s disease or multiple 
sclerosis,” says Bunka. 

NEXT-GEN DELIVERY 
TECHNOLOGIES
Among the next-generation drug 
delivery technologies in development 
today are lower molecular weight 

affinity ligands for targeted delivery 
of conjugated payloads. Bunka states 
that these novel delivery vehicles 
include antibody f ragments—such 
as Fab f ragments—camelid anti-
bodies, nanobodies, and  oligonucle-
otide affinity ligands (aptamers, e.g., 
Optimers). Many of these smaller bio-
logics (aptamers, camelids, and nano-
bodies) are now progressing through 
the clinic as alternatives to standard 
antibodies, Bunka notes. 

These alternatives aim to increase 
access to the in vivo site of action to 
address new targets and improve ther-
apeutic efficacy. The use of smaller 
biologics will be coupled with the 
ability to develop superior subcutane-
ous formulations, containing increased 
dose-per-injection volume, compared 
to standard antibody formats, explains 
Bunka. 

In particular, Optimers (Aptamer 
Group) are  a  next-generat ion 
aptamer developed for the delivery 
of a wide range of therapeutic cargo. 
They deliver high-specificity tar-
get binding in the same manner as 
antibodies, says Bunka. “They can 
be targeted to specific proteins, cells, 
or tissues for precise delivery of the 
intended therapeutic. For example, 
it is well recognized that antisense 
oligonucleotides (ASOs) are difficult 
to target to specific tissues, such as 
muscles. Conjugation of a therapeu-
tic ASO to a muscle-cell targeted 
Optimer could increase the pro-
portion of the ASO that effectively 
reaches and penetrates the muscle,” 
Bunka explains. He says that this con-
jugation can be used to target diseases 
such as Duchenne’s muscular dystro-
phy or spinal muscular atrophy.

Bunka also explains that rapid 
Optimer discovery enables the accel-
eration of pipeline progress, with the 
anticipated benefit of significantly 
reducing time to clinic while at the 
same time mitigating development 
risk and cost through early indications 
of success. 
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“The wider target range of the 
Optimer platform, compared to pro-
tein-based affinity ligands, such as 
antibodies, allows new targets and 
therapeutic strategies to be pur-
sued,” Bunka says. As these ligands 
are approximately 10 times smaller 
than antibodies, they can yield both 
improved tissue penetration and 
uptake for inhalation therapy and 
subcutaneous injections. 

Beyond targeting single molecules 
as direct conjugates to affinity ligands 
for targeted drug delivery, additional 
developments in next-generation 
drug delivery technologies include 
the targeting of nanoparticles bearing 
encapsulated payloads. Encapsulation 
protects non-target tissues f rom 
potentially toxic effects, while ensur-
ing that the intended site of action 
receives the full therapeutic dose. “We 
are experienced in working with a 
variety of nanoparticle types to conju-
gate Optimer ligands to the nanopar-
ticle as a strategy to promote in-vivo 
targeting to the site of action, such as 
a solid tumor,” says Bunka.

COMMERCIAL POTENTIAL
Many next-generation drug deliv-
ery technologies are approaching 
the clinic, but new demands such as 
alternative cargo and increased tis-
sue targeting are pushing this field 
to innovate further. For example, as 
new gene editing technologies, such 
as CRISPR, approach the clinic, there 
will be a need for delivery of large 
multi-macromolecular payloads, and 
the delivery technology for these pay-
loads is still at research phase. Such 
delivery technologies could include 
novel delivery vesicles or nanoparti-
cles with appropriate in-vivo targeting, 
says Bunka.  

“ T h e  COV I D - 1 9  p a n d e m i c 
demonstrated the impressive ability of 
the pharmaceutical industry to rapidly 
innovate and deliver new therapeutic 
modalities and vaccines. These new 
innovations could hold huge promise 

for many fields of medicine, but may 
need to be supported by the develop-
ment of novel drug delivery systems 
to ensure applicability to some harder 
to reach tissues and targets,” Bunka 
says.

Many affinity ligands such as pro-
tein scaffolds in development for drug 
delivery face issues, such as immuno-
genicity, that yet prevent them from 
being feasible commerically. The use 
of these affinity ligands (as antibody 
alternatives) has the same potential 
for immunogenic responses as seen for 
many therapeutic antibodies, Bunka 
says. “These are issues that have even 
appeared during the latter stages of 
development at Phase III, resulting in 
significant loss of time and [greater] 
costs to the developers,” he cautions. 

According to Bunka, protein-based 
affinity ligands face the obstable of 
taking a long time to develop and 
bring to market. Bunka notes that, 
following initial discovery of the 
appropriate protein ligand, there are 
many additional production and scale 
up processes and costs that must be 
undertaken develop a high-perfor-
mance molecule. 

Newer drug delivery vehicles, such 
as Optimer ligands, have been engi-
neered to overcome these potential 
development issues. “Oligonucleotide 
therapeutics have shown significantly 
reduced immunogenicity compared 
to protein-based molecules. This 
reduces the potential risk in develop-
ment while delivering equivalent or 
improved performance in drug deliv-
ery,” says Bunka. 

Because new drug delivery systems 
are offering the potential to target 
new tissues and therapeutic targets, 
they present a possible future where 
new diseases can be treated and where 
patient care can be improved. 

“Many drug developers are now 
focusing on methods to deliver drugs 
across the blood-brain barrier,” says 
Bunka. Overcoming the blood-brain 
barrier has proven particularly intrac-

table for antibodies because of their 
large size, but has been shown to be 
possible with oligonucleotide affinity 
ligands, according to Bunka. 

“The ability to deliver therapeutics 
across the blood-brain barrier cre-
ates new potential to treat a range of 
neurological conditions, from neuro-
degenerative diseases to epilepsy or 
brain cancers. Similarly, the potential 
to improve access to solid tumors with 
improved drug delivery could increase 
treatment efficacy and patient out-
comes across a range of cancers,” 
states Bunka. These conditions have 
previously been difficult to precisely 
target, which has driven the devel-
opment of solutions via an improved 
drug delivery system approach.

A CLOSER FOCUS 
ON NUCLEOTIDES
With the important potential posed 
by nucleotide-based drug formula-
tions, it is not surprising that much 
work is being done by researchers to 
overcome challenges in their devel-
opment, says Nigel Theobald, CEO 
of N4 Pharma. Challenges to nucle-
otide-based formulations include 
achieving successful delivery to the 
target cells; protecting any nucleic 
acid from early or rapid degradation 
in the body; reaching the desired 
combination of high loading, con-
trolled release with extended half-life, 
no leakage, and no interference with 
the biological functionality of the 
attached nucleic acid payload; and 
ensuring stability, good shelf life, and 
easy storage of the formulated product.

Furthermore, good biocompatibility, 
low toxicity, and a clear understanding 
of the mode of action of the deliv-
ery system are also important factors, 
says Theobald. “To achieve this, many 
believe that nanoparticle delivery is 
critical to enabling effective use in a 
therapeutic setting,” he states.

Theobald explains that, following 
early experiments using simple, direct 
delivery methodologies, encapsulating 
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the nucleic acid in lipid nanoparticles 
(LNPs) emerged as the standard first-
line approach to achieving the in-vivo 
performance required for nucleic acid 
molecules, RNA in particular (with 
electroporation for DNA). Challenges 
remain, however, and issues such as 
the propensity for LNPs to accu-
mulate in the liver, which leads to 
unwanted toxicity, and the complex-
ities of developing optimal formula-
tions, have driven researchers further 
into finding improved or alternative 
delivery technologies.

Administration of nucleotide-based 
drugs is  largely l imited to the  
parenteral route, moreover, and with 
the biopharmaceutical  industr y 
increasingly considering patient-cen-
tric medicines, new technologies are 
being investigated to deliver biolog-
ical molecules by alternative routes. 
The “holy grail” of drug delivery 
remains the use of inhalation or 
oral delivery, Theobald says. Next-
generation drug delivery systems 
could, therefore, help to overcome the 
hurdles attached to formulating for 
these routes of administration. 

EMPHASIS ON 
TARGETED DELIVERY
Because of the ongoing challenges 
with delivering effective biothera-
peutics in vivo, the targeted delivery 
approach has risen to the forefront 
of the drug delivery technologies in 
development currently. Whether that 
be through the use of ligands and/
or nanoparticle systems, this tar-
geted delivery approach is designed 
to maximize the efficiency of cellu-
lar uptake following administration, 
says Theobald. 

“At N4 Pharma, we have been 
developing a novel silica nanopar-
ticle technology for the delivery of 
vaccines and drugs, with a particular 
focus on supporting the commer-
cialization of cancer treatments and 
viral vaccines based on RNA and 
pDNA,” Theobald says. He explains 

that  the company ’s  technolog y, 
Nuvec, which are silica nanoparticles, 
have a unique spiky surface struc-
ture, coupled with polyethyleneimine 
(PEI). This design simply and effec-
tively traps and protects nucleic acid 
as it travels to the cells.

“The cationic nature of the surface 
on the nanoparticle ensures effective 
initial contact and subsequent uptake 
by the cell. In the case of RNA, the 
load is delivered to the cytoplasm, 
and for DNA, the nanoparticle facil-
itates delivery directly to the nucleus. 
Nuvec can also easily be function-
alized with the addition of ligands,” 
Theobald further explains.

Theobald points out that par-
ticle engineering is another area of 
rapid development for alternative 
drug delivery technologies. With 
particle engineering, researchers are 
looking to improve the delivery of 
drugs to the lung—spray-drying and 
super-critical carbon dioxide (CO2) 
fluid technologies are examples of 
the techniques being employed. For 
oral delivery formulations, enzymatic 
protection and permeation enhanc-
ing techniques are increasingly being 
investigated to effectively deliver bio-
logics, he says. 

IMPACT ON 
COMMERCIAL PROSPECTS
In the case of nucleotide-based thera-
peutics, having a drug delivery vehicle, 
especially a viral vector, in the manu-
facturing process adds an additional 
layer of complexity to the process, 
Theobald emphasizes. “Scientists must 
ensure that the vector is of good qual-
ity and also focus on its mechanism for 
release, which can be both costly and 
time consuming—as well as adding 
additional risk to what is already a 
challenging process. Any improvement 
to that process could result in nucleo-
tide-based therapeutics being available 
more quickly,” he states. 

“A big challenge for many of these 
new technologies is creating solutions 

that can be easily scaled up. We saw 
throughout the COVID-19 pandemic 
the issues faced by RNA/DNA vac-
cines using lipid nanoparticles, where 
the sub-zero storage requirements 
limited their rollout significantly. In 
addition, supply has been restricted 
due to shortage in both lipid com-
ponents and assembly technology at 
scale,” Theobald continues. 

The  impor t ance  o f  nuc l eo -
tide-based therapeutics, including 
vaccines and genetic modification, 
has grown more evident as they have 
begun to make a large impact in treat-
ing viral and bacterial outbreaks and 
rare and difficult-to-treat genetic dis-
eases. “In the case of cancer, they look 
likely to take the lead, particularly 
with vaccine based immune-oncology 
approaches and direct alteration in 
cellular systems using SiRNA [small 
interfering RNA]. There is also CAR 
[chimeric antigen receptor] T cell 
therapy, which has been on the market 
since 2017. They too are genetically 
manipulated, and there is a large mar-
ket for using nucleic acids to intro-
duce the CAR,” says Theobald.

He notes, however, that there is an 
important difference between efficacy 
and effectiveness of the therapeutics 
that are available and being developed. 
As such, more work still needs to be 
done on drug delivery systems. “The 
development of smart drug delivery 
systems (nanocarriers) will improve 
drug efficacy, reduce costs, and 
improve storage, and ultimately lead 
to better treatments for the patient,” 
Theobald asserts.

Fur thermore, the  b iopharma 
industry is also reflecting the drive 
toward a more precision approach 
to medicine, he concludes. By using 
relevant data to inform clinical deci-
sions, clinicians have the capability 
to tailor a patient ’s care based on 
their perceived risk and/or response 
to certain diseases. Theobald says 
this will lead to a truly personal, tar-
geted treatment plan. ◆
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Trends in Outsourcing  
of Bioprocess Development

Speed-to-market, capacity, technology development, 
and increased investment top the list.

CYNTHIA CHALLENER

T he development of biologic drugs continues to increase 
at a rapid pace. Growing numbers of conventional 
recombinant proteins and monoclonal antibodies, as 

well as next-generation molecules such as multispecifics, anti-
body-drug conjugates, and cell and gene therapies, are advanc-
ing through the clinic. Many of the biopharma companies 
behind these drugs are seeking assistance with bioprocess 
development from outsourcing partners with platform solu-
tions and specialized knowledge, expertise, and technologies.

OUTSOURCING DRIVERS
The increased level of bioprocess development outsourcing 
can be attributed to several macro- and micro-level drivers.

On the macro level, there is significant growth in the 
biologics development and manufacturing pipeline world-
wide due to increased treatment successes, according to Judy 
Chou, CEO and president of AltruBio. She highlights the 
development of advanced cell and gene therapies and gene 
editing as being particularly important. 

Growth of COVID-19 related projects, biosimilars, 
and the burgeoning Chinese market is further increasing 

demand, adds Jeetendra Vaghjiani, senior director of clinical 
development and strategic marketing at Lonza. “With most 
of the drug development pipeline being held by emerging 
and small biotechs, the support of contract development 
and manufacturing organizations (CDMOs) is gaining even 
more importance,” Vaghjiani says.

Creative approaches recognized by regulatory agen-
cies to address unmet medical needs are another factor 
noted by both Chou and Vaghjiani. “New challenges have 
brought accelerated approval pathways such as FastTrack 
and Priority Review,” Vaghjiani says. That opportunity 
places increased pressure on biopharmaceutical companies 
to deliver therapies quickly for patients with commercially 
ready products, which puts pressure on process development.

Changes in the industry ecosystem have also favored 
increased investment in biotech and biopharmaceuticals, 
according to Chou. This trend is attributed by Vaghjiani to 

CYNTHIA CHALLENER is contributing editor to BioPharm International.
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the COVID-19 pandemic, which has 
generated greater interest and aware-
ness in the biotech sector.

All of this growth, however, has also 
resulted in a general trend of biophar-
maceutical capacity shortage, Vaghjiani 
observes. He does note, though, that 
many companies are announcing 
expansions to ensure flexibility with 
respect to project needs. 

CDMOs like Lonza, for instance, 
have responded by investing heavily 
in shortening development timelines. 
This achievement has come through 
the introduction of new expression 
technologies, use of parallel workflows 
for activities not on a critical path, and 
implementation of high-throughput, 
scale-down modeling systems. “These 
improvements have resulted in a sig-
nificant reduction in process devel-
opment timelines and therefore are 
having a positive impact on upstream 
capacity,” comments Vaghjiani. 

The micro trends driving biopro-
cess development outsourcing are also 
related to technology development. 
Identifying technologies that improve 
stability and distribution as a way to 
improve access to medicines and to 
manage cold-chain limitations while 
reducing costs, is one example noted 
by John Koleng, vice-president of 
product development and manufac-
turing at TFF Pharmaceuticals, which 
develops dry-powder formulations 
of biologics using proprietary Thin-
Film-Freezing technology.

Biologics developers are also, 
according to Koleng, looking for 
technologies that allow biologics to 
be administered through alternative 
routes to injection and platform tech-
nologies that can be applicable to a 
variety of biologic products to facilitate 
rapid scale-up and rollout.

MAGNIFICATION BY  
THE COVID-19 PANDEMIC
The COVID-19 pandemic is impact-
ing the outsourcing of bioprocess 
development activities and often mag-

nifying previously existing trends. “The 
rapid development of COVID-19 vac-
cines has put a spotlight on biologics 
and has shed light on limitations that 
have historically not been appreciated, 
as technologies were not available to 
address them,” states Koleng.

The COVID-19 vaccines f rom 
Pfizer and Moderna are a case in point, 
according to Koleng. They remain 
dependent on extreme cold-chain stor-
age-distribution and injectable admin-
istration, both of which limit access to 
broad patient populations. 

“These problems existed prior to 
the COVID-19 pandemic, but were 
limited to much smaller scales. The 
COVID-19 pandemic has emphasized 
a need for technologies that allow for 
biologics to be provided as stable com-
positions that do not require extreme 
cold-chain storage-distribution; to be 
administered by noninvasive routes 
of administration, such as inhalation; 
and to be scaled up rapidly to support 
global rollout of essential medicines,” 
Koleng asserts.

The COVID-19 pandemic has also 
focused emphasis on speed to mar-
ket, says Vaghjiani.  Additionally, he 
observes, it is leading to increased 
demand for single-use equipment used 
for biologics manufacturing.

Awareness of the healthcare system 
and the lack of investment resources 
funneled to the sector has also been 
raised during the COVID-19 pan-
demic, according to Chou. “Recent 
investment in novel therapies and 
technologies in biotech has created 
opportunities not only to respond to 

the needs of the COVID-19 pandemic, 
but also to introduce more molecules 
into development that can be applied 
to other diseases,” she explains. This 
increased investment and development 
of biologics has elevated the outsourc-
ing needs in bioprocess development. 

In addition, Chou believes the 
continuation of remote working will 
make it harder for start-up compa-
nies to build up their internal bio-
process development capacity quickly, 
thus increasing their need to establish 
CDMO partnerships too.

Combined, these trends will likely 
result in more entities offering bio-
process development services, Chou 
says. It could also, she remarks, lead 
to continued innovation in optimizing 
and improving supply chains in case of 
future external disruptions.

EARLY DEVELOPMENT 
SERVICES IN DEMAND
With many of the biopharmaceuti-
cal pipeline candidates being devel-
oped by emerging and small biotechs, 
often with next-generation biologics, 
the need for outsourcing early on 
in the drug development cycle has 
become clear.

“Small and emerging biotech compa-
nies typically rely on the development 
and manufacturing capacity, expertise, 
and flexibility of CDMOs to bring 
their candidates to the clinic, and thus 
services for bringing potential drug 
candidates from gene to investigative 
new drug (IND) [are] gaining impor-
tance,” Vaghjiani explains. 

The shif t  to next-generat ion 
biologics also leads to the need for 
deeper understanding of the bio-
logical mode of action ear ly on, 
according to Vaghjiani. “This under-
standing is strengthened by advances 
in science and access to data and 
sequencing capabilities, and will 
increase demand for bespoke and 
flexible development strategies and 
new technologies to handle unique 
product features,” he says.

Development
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In addition to good manufacturing 
practice capacity for product launches, 
early development for IND enabling 
studies is one of the most in-demand 
outsourcing services today, Chou 
agrees. “New advances in science will 
continue to drive the increasing bio-
process/biologics development needs,” 
she states. She elaborates that the 
need to develop and produce novel 
COVID vaccines/therapeutics has 
created a capacity crunch in biologics 
development that must be addressed 
in the upcoming years, given that fur-
ther increases in demand for biologics 
development services are expected.

Regardless of the shift to new 
modalities, the overall goals for 
bioprocess development across the 
development lifecyc le, inc luding 
process and product development, 
remain the same. “Drug compa-
nies want help finding solutions 
that improve the stability of bio-
logics, provide alternative routes of 
administration, improve therapeu-
tic outcomes, and manage manu-
facturing costs,” Koleng comments, 
“Historically,” he adds, “biologics 
have been extremely expensive to 
develop, so pricing has an important 
role to play—the priority will be to 
reduce costs while also increasing 
therapeutic outcomes and access.”

THE INVESTMENT EQUATION
As demand for bioprocess develop-
ment services expands and the spe-
cialized nature of those services 
increases, the need for CDMOs to 
invest in additional capacity, both 
equipment and capabilities, is growing. 

“The goal is to help new medi-
cines reach patients faster and give 
customers the flexibility to manage 
supply, addressing drug development 
uncertainty and market demand 
changes,” Vaghjiani says. 

Indeed, a CDMO has to keep 
up with advancing technology to 
best serve customers and ultimately 
patients, stresses Casey Franklin, 

vice-president of business develop-
ment at Alcami. To do so requires 
upgrades over time. “An example 
would be the shift from traditional 
restricted access barrier systems 
(RABS) to isolator technology for 
increased sterility assurance during 
the fill/finish of biopharmaceutical 
products,” she observes.  

When presented with an unex-
pected project, Lonza performs 
an assessment to determine what 
changes are needed in the process 
or facility to accommodate the proj-
ect. Usually processes can be adapted 
to fit its current facilities, which 
according to Vaghjiani, highlights 
the advantage of operating a plug-
and-play concept, such as Lonza’s 
Ibex. If  capital  investments are 
deemed necessary, the strategy is 
scenario-specific. 

W hen a  CDMO takes  on a 
specialized project, such as one 
invo l v ing  an  innova t i ve  p rod-
uct with special and sometimes 
complex requirements that  cre-
ates  a  need for  investment  in  
additional equipment or capabilities,  
the investment can be fully funded 
by the CDMO or the customer, or a 
shared investment.

“There are many considerations 
here, including the footprint of the 
equipment or faci l i ty  modifica-
tion, the capacity required for the 
customer, the market demand or 
potential to serve other customers, 
the necessary expertise and staff-

ing implications, and the stage of 
the program and expected long-term 
requirements,” says Franklin.

Whichever party is responsible 
for the equipment depends on what 
is right at any given point in time 
for the arrangement, adds Koleng. 
“In general, the investment equa-
tion typically varies and depends 
on the volume of work and stage of 
development. At TFF, we’ve found 
CDMOs to be particularly receptive 
to customizing their facilities and 
maintaining a variety of arrange-
ments,” he remarks.

Chou agrees that there are differ-
ent business models that can be estab-
lished to address the mutual interests 
of CDMOs and the sponsors. “We 
have found that most CDMOs try 
to fit development projects into their 
existing equipment and systems, but 
it is not unusual for a CDMO to cus-
tomize a bit to meet the need if the 
modifications are minor. If substantial 
revisions are required in the facility, 
usually a cost-sharing model is built,” 
she observes.

IMPACT OF  
THE CAPACITY CRUNCH
CDMOs always aim to maximize uti-
lization of their facilities and equip-
ment to stay profitable and grow, but 
this optimization becomes even more 
crucial with capacity shortages across 
the industry, according to Franklin. 
Some facilities may be able to increase 
capacity by implementing an extra 
shift or purchasing additional equip-
ment, she notes. 

Biopharma companies need to take 
action as well. “One way to help alle-
viate the capacity shortage is for spon-
sors to be more proactive in scheduling, 
and some are beginning to identify 
key players much earlier. Consolidating 
work with fewer CDMOs so that a 
sponsor can be a more substantial 
customer or client, and garner greater 
resources for their projects is another 
strategy,” Koleng explains.
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CDMOs already near full uti-
lization have to focus on effective 
project management and transparent 
communication with customers to 
ensure manufacturing readiness and 
minimize dead time due to project 
delays, Franklin says. 

“With the supply-chain challenges 
and the general element of unpre-
dictability that has come with the 
COVID-19 pandemic, it also helps 
for the CDMO and the customer to 
be as flexible as possible. CDMOs 
must keep in constant communica-
tion with customers around these 
challenges and work creatively to 
find alternate solutions when needed 
to keep project timelines on track,” 
Franklin asserts. 

To address capacity shortages for 
development projects in particular, 
Chou notes that on the technical 
front, companies are improving bio-
process development efficiency by 
introducing advanced platform tech-
nologies. Development is also being 
accelerated through the application 
of automation, modularization, and 
digitalization solutions. On the busi-
ness f ront, she points to improve-
ments in the partnership model to 
ensure that business processes do not 
get in the way of development.

PARTNERSHIPS MAKE “END-
TO-END” SUPPORT POSSIBLE
Strong partnerships are, in fact,  
the key to successful provision of 
ser vices across the entire devel-
opment cyc le. To accelerate the 
progress of development, the “one-
stop-shop” or “end-to-end” CDMO 
model would be more attractive, in 
general, according to Chou, and she 
believes most CDMOs are moving 
in this direction.

“The technical challenges in bio-
process  deve lopment , however, 
often require specific expertise, and 
therefore in some cases, a develop-
ment-driven company is needed to 
address these challenging issues,” 

Chou states. Both types of CDMOs 
are needed as a result.

In fact, the sheer volume of work 
in outsourcing right now is being 
appreciated by all CDMOs, whether 
they are a one-stop shop or handling 
only one piece of the process, Koleng 
observes.  He also believes that true 
one-stop shops are rare, since usually 
there is at least some project com-
ponent that requires a third party or 
subcontractor to meet the demand for 
capacity or production. 

It is, adds Franklin, actually diffi-
cult to find “end-to-end” CDMOs 
that truly function as a single provider, 
since so many of these organizations 
are born from mergers and acquisi-
tions. “We find that many biopharma 
companies are more interested in 
forming a lasting partnership and pre-
fer the customer focus that you more 
often find at smaller, more specialized 
firms,” she notes. 

Franklin also points out that 
small and mid-sized CDMOs can 
offer the advantages of a “one-stop-
shop” by teaming up with synergis-
tic organizations. For instance, as a 
fill/finish provider, Alcami focuses 
on drug product and analytical ser-
vices, forming strong relationships 
with its customers and supporting 
them long-term in those areas. “But 
we also work with biologics drug 
substance manufacturers to under-
stand complementary operations 
and processes and offer customers 
an efficient, streamlined approach 

that saves time and gets products to 
patients faster,” she comments. 

“Ultimately,” stresses Vaghjiani, “to 
address increasing cost pressures, it 
is critical for pharma and biotech 
companies to partner with CDMOs 
that have the right manufacturing 
scale at the right time in the lifecycle 
of their products in order to optimize 
the cost of goods and meet market 
demand. He believes that end-to-end 
CDMOs like Lonza, which operates 
across nine global sites, three con-
tinents, and a spectrum of scales in 
single-use and stainless-steel biore-
actors, help address demand uncer-
tainty and fluctuations.

LEVERAGING INNOVATIVE 
SOLUTIONS FOR THE FUTURE
The COVID-19 pandemic  has 
emphasized the need for  inno-
vative drug products and technol-
ogies, according to Koleng. TFF 
Pharmaceut ica l s  i s  s t r iv ing  to 
develop such impactful solutions. 

“With the support of our CDMO 
partners, we continue to prioritize 
improving therapeutic outcomes 
and access, reducing cost of goods 
and enabling faster rollout of break-
through medications,” Koleng states.

Chou adds that although the  
bioprocess development of proteins 
and antibodies is becoming a com-
modity, there is still work to do to 
bring it to the next phase: Industry 
4.0 and leveraging big data and the 
Internet of Things. “Bioprocess 
developers should push boundaries 
to ultimately benefit patients with 
cost-effective medicines,” Chou asserts. 

T h e  a l t e r n a t i v e  r e g u l a t o r y 
approaches established to enable the 
introduction of COVID-19 vaccines 
should also continue to be applied 
going forward to accelerate novel 
drug development, according to Chou. 

“Adjustment of the bioprocess devel-
opment mindset may be needed to 
fully realize the value of innovative 
treatment,” she concludes. ◆
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Large-Scale Single-Use Bioreactors 
Prove Mettle Amid Growing Demand

Large-scale single-use bioreactors prove successful as limits are tested.
FELIZA MIRASOL

T he need for large-scale single-use bioreactors (SUBs) 
may grow more urgent as biologics manufacturers 
aim to meet the growing market demand for biolog-

ics, especially monoclonal antibodies (mAbs). The 2000-L 
scale SUBs have become an industry standard, and these 
SUBs have proven their mettle amid growing demand for 
biologics. The question on whether size increases in SUBs 
may be necessary rests in both the successes and limits of 
single-use technology (SUT) moving forward.

COMMERCIAL-SCALE SUCCESS
The 2000-L-scale SUB has been the mainstay of 
large-scale SUBs since its introduction. Yasser Kehail, 
Biomanufacturing Business Development leader at 
Cytiva explains that 2000 L is the sweet spot for large-
scale manufacturing. Among the reasons for this are, first, 
that recent technological advancements in cell-culture 
media and cell-line development have increased product 
titer and yield significantly. What was once produced 
at 15,000-L-scale in stainless-steel bioreactors 10–15 
years ago can now be produced at smaller sizes, such as 
2000 L, states Kehail. Second, current biological entities 
are designed for specific patient populations, which are 

smaller and based on specific biomarkers, such as a gene 
or specific protein. “Hence the clinical material needed 
for studies and clinical trials are lower in terms of scale,” 
Kehail says.

According to Nephi Jones, senior manager, Research 
and Development, BioProduction, Thermo Fisher 
Scientific, most of the established SUB manufacturers 
have had a 2000 L or larger product offering for many 
years. “Clearly most users see the benefit of single-use 
bioreactors and have been requesting more capacity (dis-
placing 10,000–15,000 L stainless-steel bioreactors), but 
not at the cost of ease of use, reliability, or performance,” 
Jones states. 

However, as the biopharmaceutical market contin-
ues to diversify and grow, future demand in biologics is 
expected to go far beyond current capabilities of estab-
lished technologies, Alex Chatel, product manager at 
Univercells Technologies, cautions. Chatel notes that 
manufacturers are continuously searching for solutions to 
reach higher production capacities but must remain vigi-
lant of large footprints and consequent costs. “Currently 
high-demand applications require scaling-out of pro-
duction with several bioreactors (i.e., placing multiple 

Upstream Processing
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bioreactors side by side) which can 
be sub-optimal,” he adds. 

Chatel also points out that there is 
a demand for significantly high-vol-
ume SUBs, as demonstrated by the 
launch of larger bioreactors; how-
ever, there must be a balance between 
operational complexity, footprint, and 
batch failure risk and cost with the 
scaling-out option.

MARKET PRESSURES
Marke t  p re s su re  push ing  the 
drive toward further adoption of 
large-scale SUBs primarily cen-
ters around demand, according to 
Adrian Mazzone, director, Process 
Development, Pharma Ser vices, 
Thermo Fisher Scientific. These bio-
reactors allow for more traditional 
scale-up (single-process stream) and, 
by utilizing high turn-down ratios, 
add flexibility. Importantly, large-scale 
SUBs allow contract development 
and manufacturing organizations 

(CDMOs) to retain existing clients 
with a “start here, stay here” strategy, 
Mazzone says. This strategy is meant 
to ensure that clients have an unin-
terrupted pathway f rom develop-
ment through commercialization and 
don’t feel the need to transition to a 
CDMO with stainless-steel capacity, 
he asserts.

In addition, large-scale SUBs 
enable manufacturers to increase 
their  production throughput at  
limited capital expenditure (CapEx) 
compared to stainless-steel facilities, 

says Chatel. “The growth of the cell 
and gene therapy market as well as 
the phenomenal needs in cell-based 
vaccines that will be sustained in 
the years to come means that large 
scale-bioreactors will be in demand,” 
he states. 

Chatel adds that manufactur-
ers must always keep two important 
parameters in mind when assessing 
biomanufacturing needs: scalability of 
the technologies they use and the cost 
of goods related to the final product. 
In his opinion, current capabilities 
offered by established technologies 
will end up constraining the availabil-
ity of affordable biologics. Although 
the biopharma industry is address-
ing this issue through solutions such 
as process intensification to reduce 
equipment and facility footprint 
while increasing throughput at con-
siderably lowered operational costs 
and cost of goods. Maintaining qual-
ity and safety is also a requirement.

Upstream Processing
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Another key driver in the growing 
use of large-scale SUBs is the growth 
of gene therapies that rely on ade-
no-associated virus (AAV) vectors to 

deliver therapeutic transgenes, spec-
ifies Laura Juckem, PhD, vice-presi-
dent of Scientific Operations at Mirus 
Bio. The commercialization of gene 

therapies requires high-titer AAV vec-
tor preparations, but the large-scale 
manufacture of AAV in adherent 
human embryonic kidney (HEK) 293 

Upstream Processing

Successful performance of large-scale single-use biore-
actors (SUBs) depends in part on defining their limitations 
and working around them or discovering solutions to over-
come them. A main concern, for instance, centers around 
the increased separation of scale with respect to the scale-
down models and large-scale reactors, says Brian Follstad, 
scientific fellow, Upstream Process Development, Catal-
ent Biologics, Madison. This increased separation makes 
it more difficult to qualify scale-down models, which Foll-
stad says are crucial to establishing and characterizing 
process design space and robustness. In Catalent’s case, 
the implementation of their Ambr high-throughput bio-
reactor systems closed this gap significantly. “They have 
been routinely used in the industry to qualify scale-down 
models, effectively making process characterization easier 
and improving throughput,” Follstad asserts.

Yasser Kehail, Biomanufacturing Business Development 
leader at Cytiva states that high pressure, increased 
agitation rates, and aeration requirements will continue 
to challenge single-use bags because these increased 
forces may cause leaks, pin holes, or defects. “This is one 
of the major engineering challenges for large-scale SUBs,” 
Kehail states. 
“In addition, single use bags need to be transported using 

special packaging to reduce any sort of rubbing that could 
cause damage to the film, tubes, and chamber. Hence, 
when you scale to larger than 2000 L, the robustness of 
the bag becomes a huge risk, the packaging will be larger, 
and the risk of failure and damage increases,” Kehail 
cautions.

It is also technically important to ensure that the process 
can deliver the requisite mixing and gassing at 2000 L, 
providing a truly scalable process, states Adrian Mazzone, 
director, Process Development, Pharma Services, Thermo 
Fisher Scientific. He points out that, logistically, the SUB 
packing is significantly larger for single-use SUBs greater 
than 2000 L. As the whole package comes partially inflated, 
it must be de-boxed prior to entering the cleanroom 
and managed through wipe-down through to its final 
destination in the production suite, Mazzone explains. In 
addition, effective pre-use visual inspection is difficult for 
such a large SUB, so a robust leak test is required following 
installation. “Lastly, from an engineering perspective, the 
5000 L bioreactor needs to be installed in a production 
suite with high ceilings and must be bolted to the floor,” 
he says.

Making a SUB very large is an engineering challenge, 
adds Alex Chatel, product manager at Univercells 
Technologies, partly because the surface area of the 

vessel does not increase linearly with its volume (m² vs. 
m3). Because of this, efficient heat transfer, gas transfer, 
and mixing must be considered carefully. Chatel explains 
that there is a theoretical limit above which making large 
vessels results in difficult trade-off in terms of operation 
performance. “This can be highlighted by the difficulty 
in providing adequate mixing in large-scale bioreactors 
while limiting shear rates at the impeller tip, which can be 
damaging to cell health. In this light, process intensification, 
which instead reduces the volumes of bioreactors for an 
equivalent throughput, is an interesting approach as the 
low volumes mean that engineering challenges are more 
easily resolved and scale-up is made simpler,” Chatel 
states.

Jorge Garcia, senior manufacturing sciences engineer, 
Catalent Biologics, Bloomington, emphasizes that 
currently installed 1000-L SUBs have proven success 
in efficient gassing and carbon dioxide-stripping of 
mammalian cell cultures, which reduces the creation 
of foaming in the reactors. This is a significant benefit 
because excess foaming can cause operational issues 
and affect metabolism of the culture. “The successes 
in controlling foaming through efficient gassing/carbon 
dioxide-stripping at these smaller scales suggest that 
this challenge can be overcome in larger-scale single-use 
bioreactors as well,” Garcia points out.

Kehail affirms that the 2000-L size SUB has also 
demonstrated its success, namely as 2000-L SUBs have 
been used in multiple approved protein therapeutics, 
including COVID-19 vaccines. “Its value proposition of 
being first or fastest to market has been proven,” Kehail 
says. “In addition, more clinical trial materials are being 
produced at GMP scale for different phases; and finally, 
the low initial CapEx [capital expenditure] required has 
been a catalyst to constructing more and more green field 
facilities than ever before,” he states.

For its part, Thermo Fisher Scientific has been seeing 
significant interest from SUB users since the launch of 
its large SUBs in March 2021, says Kevin Mullen, director 
of Product Management, BioProduction, at Thermo 
Fisher Scientific. “Thermo Fisher has made a significant 
investment to acquire inventory of these units so that these 
large-scale SUBs can be delivered in short lead times. 
There is considerable interest in the high productivity, low-
risk scalability, small footprint, attractive GMP price-point 
and short lead time of SUBs,” Mullen states.  

—Feliza Mirasol

Limits and successes define large-scale SUBs path



www.biopharminternational.com October 2021  BioPharm International 27

cells is both costly and inefficient, she 
points out. “We can therefore expect 
to see further additions of large-scale 
single-use bioreactors as manufactur-
ers transition to suspension HEK 293 
platforms,” she states. 

Juckem points out that one of the 
performance limitations of SUBs in 
gene therapy manufacturing is the 
inefficiency of polyethylenimine-based 
transient transfection methods. Novel 
transfection modalities, however, can 
lead to multi-fold increases in viral 
titers, which result in significant gains 
in process efficiency and a corre-
sponding reduction in manufactur-
ing cost, she states. Examples of some 
novel transfection modalities include 
reagents and enhancers found in 
Mirus Bio’s good manufacturing prac-
tice (GMP) platform (VirusGEN).

“Optimization of the transient 
transfection process will lead to higher 
success rates in single-use bioreactors 
as vector production is scaled from 

research to industrial-scale manufac-
turing,” Juckem emphasizes. 

Kevin Mullen, director of Product 
Management, BioProduction, at 
Thermo Fisher Scientific states that 
SUT has been adopted in abundance 
to meet early- and late-stage clinical 
processes. Furthermore, as the mole-
cules in development progress from 
clinical to commercial (larger) scale, 
Mullen notes that there is market 
preference to stay within single use 
rather than shifting to stainless-steel 
bioreactors. The market has therefore 
asked for large-scale SUBs that scale 
well from small-scale process design to 
large-scale commercial manufacturing, 
he states. 

“Not only has the market been ask-
ing for large-scale SUBs; they have 
also been asking for large-scale SUBs 
with significantly improved mass 
transfer and mixing capabilities to 
support high-cell density cultures,” 
Mullen adds.

“The single use bioprocess indus-
try has crossed the chasm where 
this technology can be used beyond 
its original uses of evaluation, early 
adoption, and bench marking against 
stainless-steel processes,” states 
Kehail, who points out that the bio-
pharma industry is now seeing GMP 
implementation of SUT in approved 
clinical drugs, where the technology 
provides robust data, comparable 
product quality, and positive busi-
ness outcomes. Kehail says that these 
results demonstrate that the industry 
has matured in regard to SUT utiliza-
tion. “The current [market] pressure 
comes from having more and more 
clients transitioning from evaluation 
to GMP, which places further pres-
sure on the supply chain,” he says.

However, Kevin Jose, senior 
group leader of Upstream Process 
Development at Catalent Biologics, 
Madison, takes a different view and 
remains unconvinced that demand 

Upstream Processing

SUBSCRIBE AT BIOPHARMINTERNATIONAL.COM

Science & Business eBulletin 
News and insights about  technology and regulatory issues, company 
changes, company updates, and conference coverage. 

First Look
Previews the latest issue of BioPharm International® with links to 
online content and the digital edition of the magazine.

BioPharma Knowledge Resource
Build your biopharma development and manufacturing knowledge 
base with the latest whitepapers, application notes, posters, and other 
educational resources from biopharma industry suppliers.

in the biopharmaceutical industry delivered 
straight to your inbox by signing up.

Get the latest news, 
research, and trends

https://www.biopharminternational.com


28     BioPharm International October 2021   www.biopharminternational.com

would grow for large-scale SUBs 
in the long run. He observes that 
there already exists a variety of 
options for companies looking for 
large-scale single-use manufactur-
ing. One approach involves running 
multiple small-scale bioreactors in 
tandem (for example, 2 x 2000 L) 
with a large-scale downstream set 
up. Another approach is to leverage 
end-stage perfusion (i.e., continuous 
manufacturing), which would allow 
for the production of larger amounts 
of drug substance in a smaller sin-
gle-use vessel. 

“[As] there are options to address 
large-scale  manufactur ing with 
smaller bioreactors, it remains to 
be seen whether there will be high 
demand for large-scale SUBs them-
selves. Additionally, as the market 
moves towards smaller patient pop-
ulation sizes (such as rare/orphan 
diseases and personalized thera-
pies), and as technologies improve 
to increase cell/process productivity, 
there may be less demand for large-
scale manufacturing in the future,” 
Jose states.  

FIXTURES IN THE INDUSTRY
As large-scale SUBs establish a 
firmer foothold in commercial man-
ufacturing, their continued perfor-
mance will be further scrutinized. 
For instance, according to Kehail, it 
has not yet been determined how well 
single-use bags will withstand high 
pressure, temperature, and aeration 
at volumes greater than 4000 L. He 
stresses that the robustness of the 
bioreactor bag is essential. “Any leak, 
pin hole, or puncture could result 
in significant financial and prod-
uct loss,” he states, adding, “we 
have only demonstrated and proven 
performance of single-use bags at 
2000-L scale.”

Meanwhile, Jose notes that the 
introduction of high turndown ratio 
(i.e., ratio of total volume to work-
ing volume) SUBs has addressed 

logistical and technical/engineer-
ing issues with respect to seed train 
and production culture flexibility for 
large-scale single-use manufacturing. 

“The technological advances made 
in SUBs have led to the develop-
ment of contact layer films with ‘low’ 
to ‘no’ extractables and leachables 
that could affect cell culture perfor-
mance. Also, the shift from cylindri-
cal to cuboidal design for SUBs has 
improved the efficiency of gas trans-
fer and mixing to ensure optimum 
scalability up to 5000 L,” Jones says. 

Moreover, the use of real-time 
technology, in conjunction with SUT 
such as Raman spectroscopy, can 
improve processes even further to 
ensure optimum cell culture perfor-
mance, Jones states.

“From a SUB performance stand-
point, ease of use (set-up, installa-
tion, execution, tear-down) and 
reliability are key to the success of 
any large-scale SUB offering,” adds 
Mazzone.  

Meanwhile, Mullen notes that 
SUT has become the standard over 
the past 15 years, in which the tech-
nology has proved its reliability 
throughout an everchanging world 
of new technology, supply chain 
challenges, and a global pandemic. 

“The market demand is to have 
improved power input per volume 

(PIV ) and mass transfer (kLa) to 
support high cell densities and sup-
port high product quality. The per-
formance in the large-scale reactors 
needs to be similar to the perfor-
mance in PD [process development] 
small-scale reactors so that processes 
can be optimized at PD small scale 
and scale up to the larger-scaled 
reactors,” he says.

While SUBs are mainly stirred-
tank vessels, fixed-bed bioreactors 
are another family of large-scale bio-
reactors, says Chatel. These fixed-
bed bioreactors are much smaller 
than an equivalent stirred tank ves-
sel for an equivalent throughput. 
Both SUBs and fixed-beds are fitted 
with technology to control the basic 
needs of cell culture (pH, dissolved 
oxygen, temperature), but beyond 
the basic bioreactor features, pro-
cess analytical technology (PAT) is 
increasingly developed and used to 
provide automated measurement 
of advanced production parameters, 
such as product titer and metabolites 
concentration, Chatel explains. 

In all cases, Chatel emphasizes, 
the operational environment allow-
ing cell cultures at high densities 
requires sufficient gas supply and, as 
mentioned earlier, kLa, which must 
be enabled by either sparging or gas 
overlays. Meanwhile, control over 
foam formation and carbon dioxide 
stripping must be ensured to prevent 
cytotoxic effects. “Good mixing that 
ensures homogeneous availability of 
nutrients and gases is essential to 
successful [bioreactor] performance, 
and this must be ensured by a care-
fully studied mixing environment,” 
says Chatel. 

Finally, manufacturers must ensure 
that future SUBs are designed as 
part of a family that enables smooth 
scale-up and scale-down. This holis-
tic approach will enable end-users 
to successfully translate from devel-
opment to commercial production, 
Chatel concludes. ◆
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Innovation in sterilization techniques for 
parenteral packaging.

Packaging may seem like a surface-level component for 
pharmaceutical products, but there is nothing superficial 
about it.

Parenteral packaging is designed to maintain a drug’s potency and 
efficacy through its shelf life and has to keep what’s inside, and the 
patient taking it, safe. 

We sat down with Eugene Polini, technical key account manager at 
Datwyler, to discuss standard sterilization processes, learn about novel 
options and hear how these up-and-comers fit an array of parenteral 
packaging components.

BIOPHARM INTERNATIONAL: In terms of sterilizing parenteral 
packaging components, what are the standard techniques?
EUGENE POLINI: Because there’s such a wide variety of packaging 
materials available, each with its own material properties and 
sensitivities, we commonly encounter several sterilization techniques.

In my experience working with elastomeric closures over the last 
three decades, steam or wet-heat sterilization has been the most 
common, especially in the North and South American markets. In 
Europe, gamma irradiation has been the predominant method.

Dry-heat sterilization, also called depyrogenization, has long 
been widely used to sterilize and depyrogenate glass and metal 
packaging—materials that, unless otherwise coated or treated with 
some organic substance, have no issues with melting. This includes 
components like glass ampules, vials and pure glass syringe barrels. 

These robust materials are heated to around 180 degrees Celsius to 
denature the proteins in the bioburden, thus rendering them sterile.

Rubber and plastic components cannot withstand this type of sterilization, 
so steam sterilization or moist heat is a popular mode for components 
with limited heat compatibility. Here, temperatures of around 121 degrees 
Celsius are used to create high-pressure steam to sterilize the packaging.

Thirdly, gamma irradiation uses energy in the form of waves or energetic 
subatomic particles to disrupt genetic material in a bacterium. 

Keeping it Clean And finally, ethylene oxide is a volatile poisonous 
gas used to penetrate paper and Tyvek packaging 
containers to sterilize the surface of medical 
devices packaged within. Unfortunately, this gas 
has become a heavily scrutinized priority pollutant 
for the U.S. Environmental Protection Agency 
and other global regulators. Due to its potential 
carcinogenicity, it’s been nominated to be banned. 
In my opinion, this is risk enough for manufacturers 
to look for other sterilization methods.

BIOPHARM: Do specific packaging components 
require specific sterilization techniques, and if 
so, why?
POLINI: Each packaging material, component 
and system must be evaluated for its material 
properties—especially melt points—before 
deploying any of the sterilization methods 
mentioned above.

For example, dry heat requires temperatures and 
durations that go well beyond the service conditions 
of typical pharmaceutical elastomers, and thus 
isn’t always a viable option. And while gases 
are frequently used for medical devices, they’re 
not commonly used in direct contact with drug 
products because of concerns that residuals may 
affect product purity.

The rule of thumb is that when you’re working with 
a system, you have to identify its most sensitive 
material and base your final sterilization technique 
on that.

BIOPHARM: What are the challenges for sterilizing 
parenteral packaging components?
POLINI: In my opinion, the regulatory environment 
tends to be the biggest challenge. To maintain 
cGMP within the sterilization process, one has 
to carefully scrutinize certain issues that can 
impact the process’s effectiveness in destroying 
microorganisms, and then consider them in the 
validation program.

These factors include the qualification of the 
equipment and the D-value, or resistance, of the 
material being sterilized. Different surfaces have 
different protective qualities to microorganisms; I 
might sterilize one product very easily in 15 minutes 
while another that can harbor and protect the 

bacterium might take half an hour or an hour.

Another factor is thermal profiling of the chamber, 
which is important to ensure there are no cold spots. 
Then there’s heat penetration of the load: the same 
material packaged in a different container may 
necessitate a revalidation or reevaluation of these 
sterilization parameters.

Finally, load sizes and configuration, biological 
indicators and air removal are all issues that have to 
be scrutinized before starting the process.

BIOPHARM: What are some new techniques 
for sterilizing these components, and are they 
superior to what’s already in place?
POLINI: There are several new techniques available, 
and we at Datwyler have evaluated a few of them.

We studied chlorine-dioxide sterilization at the 
request of a client who was interested in this 
technique to decontaminate a prefilled syringe 
kit. They were rightfully concerned, because—let’s 
face it—it was a brand-new technique only recently 
accepted by the EPA and FDA, and they knew that 
the gas would come in direct contact with their 
elastomeric closures.

But based on our findings, this is a valid technique: 
very gentle to the elastomeric material, with 
no functional or perceptible chemical changes 
imparted to the packaging material.

BIOPHARM: Some newer sterilization options, such 
as X-ray, are more sustainable than others. Is the 
sustainability trend driving more companies to 
find cleaner ways to sterilize products?
POLINI: Yes. I think that the parenteral portion of the 
pharmaceutical industry especially is just like any 
other, in that when a raw material becomes scare or of 
questionable nature, we have to look for other options.

For instance, gamma irradiation uses cobalt-60, 
which is mined and could otherwise become 
“unobtainium,” so to speak. As the cobalt is mined 
and used up, that’s it, there’s no more left after that.

E-beam and X-ray—techniques that don’t rely on 
cobalt-60—are therefore much more sustainable.

Eugene Polini, 
technical key account 
manager, Datwyler

https://datwyler.com
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Designing a Control Strategy for 
Facilities with Single-Use Systems

Early control architecture decisions can impact a facility’s 
long-term growth, flexibility, and efficiency.

JOHN HATZIS AND PETE GENEST

F or small- and mid-size biologic producers that are 
incorporating single-use systems in their manu-
facturing facility, choosing the right process con-

trol system is one of the most critical decisions they 
make when building a facility. Integrated production 
processes and information-driven operations are needed 
to ease compliance, reduce batch cycle times, and get to 
market faster.

Traditional, large, and monolithic distributed control 
systems (DCS) can deliver these capabilities; however, 
they often aren’t flexible enough to meet production 
needs for smaller-volume processes using single-use 
equipment and systems. 

Equipment-level automation is also not an ideal 
option. This approach, where each unit operation has 
a dedicated control system and user interface, creates 
challenges such as islands of automation that complicate 
centralized data collection and user account management 
for the system administrator.

A better approach to automation is to build for the 
future with a scalable and flexible system that allows pro-

ducers to incorporate flexible “plug-and-play” equipment. 
A modern DCS uses modern technology (e.g., industrial 
ethernet, faster controllers, scalable distributed software) 
and practices (e.g., cyber-security standards) to make the 
system more scalable, flexible, and secure. Using flexible 
systems creates the ability to evolve operations over time, 
meet regulatory requirements, reduce validation effort, 
and lay the foundation for newer digital technologies and 
analytics—all of which can be accomplished with a lower 
total cost of ownership. 

The challenge is making the right choices for this con-
trol system early in the process of building a new facility 
with single-use equipment, because those choices will 
reverberate and have consequences across the life of the 
facility. For this reason, producers should make sure to 
consider the following areas when designing a facility.

JOHN HATZIS is a global Life Sciences industry consultant, at Rockwell 
Automation, and PETE GENEST is a business development and 
strategic partnerships leader at Cytiva.

Manufacturing
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NETWORK INFRASTRUCTURE
A good starting point for designing a 
control system is the network infra-
structure. Producers should consider 
how a facility’s communications back-
bone will meet current needs with 
simplified connections and seam-
less data access, while providing the 
flexibility and scalability needed to 
accommodate future operational and 
technology changes.

Legacy fieldbus network protocols 
used in many pharmaceutical plants 
today can create challenges in a sin-
gle-use facility. For example, data limita-
tions can restrict a producer’s ability to 
get valuable diagnostic data from devices 
and instrumentation. Legacy fieldbus can 
also be harder to maintain and scale if the 
network infrastructure needs to change 
to support new technologies over time 
due to their inflexible nature.

A modern industrial network pro-
tocol, such as EtherNet/IP, does not 
have these limitations. On EtherNet/
IP, single-use equipment and instru-
mentation can be easily configured to 
communicate with and publish rich 
diagnostic data to the process control 
system. This communication builds 
into scalable plant-wide ethernet 
architectures through switches and 
other network devices. This “plug-
and-play” connectivity creates a sim-
pler plant infrastructure, with only 
power and ethernet cabling required 
to connect unit operations, and allows 
for ease of expansion and easier 
equipment change-out. 

OPERATIONAL FLEXIBILITY
Automation may not be on a produc-
er’s mind when developing a new bio-
logic or while in the early stages of 
clinical trials. It’s never too early to be 
thinking about automation, because 
the optimal automation set up can 
provide significant operational flex-
ibility and greatly reduce the effort 
involved in tech transfer. 

Take the example of a start-up 
biologic company that invests in sin-

gle-use equipment with a modern 
DCS. The equipment can be flexibly 
assembled into a process train and 
run manually during early process 
development, which allows settings 
to be changed as the process is being 
fully developed. 

Once the company is ready to pro-
duce at a commercial scale, the equip-
ment can be easily configured to run 
repeatable recipes with no major 
software updates, because the recipe 
is assembled f rom the same man-
ual phases run in development. The 
equipment can even revert to manual 
operation if an issue arises where inter-
vention is required.

Additionally, equipment can be 
repurposed and used in a different 
process because each individual piece 
of equipment has a full set of func-
tionalities, essentially making each 
component a replaceable part.

TECHNOLOGY 
STANDARDIZATION
The more that customized technol-
ogy and functionality is designed into 
a single-use facility, the more that 
specialized knowledge is required for 
design, operation, and maintenance 
activities. This requirement for spe-
cialized knowledge should prompt 
producers to establish and leverage 
standards as much as possible.

Standards such as the International 
Society of Automation’s (ISA) ISA-
88 (1), ISA-18.2 (2), and ISA-101 
(3) help create a consistent design 
approach across multiple pieces of 
equipment for functions, including 
procedural control, alarm manage-
ment, and human-machine interface 
(HMI) style. These standards can 
be easily enabled when configur-
ing modern control systems using 
commercial off-the-shelf software 
libraries. By using these class-based 
libraries, equipment vendors can 
create application-specific software 
with less time and development cost. 
These libraries also smooth the way 

for those who inherit equipment—
such as validation teams, process 
engineers, and support technicians—
because the software is lower risk, 
provides consistent information, and 
is easy to maintain. 

The libraries also include standard 
data structures for specific classes of 
devices, such as pumps, valves, and 
others. These data structures provide 
the basis of constructing analytics 
for equipment, helping producers 
increase process performance or 
equipment uptime in the long run.

THE OPERATOR EXPERIENCE
The user experience of operations 
staff is too often left out of automa-
tion projects. But producers should 
consider prioritizing the user expe-
rience of the control system if they 
want to create a more efficient work-
force. Libraries of reusable class-based 
objects can be used to create a com-
mon user interface style for staff, for 
instance. For example, a valve will look 
and feel the same on a tangential flow 
filtration skid as it does a bioreactor. 

Producers should also ensure their 
visualization system leverages indus-
try standards, such as ISA 101 (3). 
The standard can help draw operators’ 
attention to adverse process conditions 
to help make sure these conditions are 
seen and dealt with quickly.

DISRUPTIVE TECHNOLOGIES
New technologies are changing how 
people work in a single-use facil-
ity—perhaps none more so than 
augmented reality (AR). How can 
producers apply technology such as 
AR in a meaningful way in facili-
ties? The best way to find out is for 
automation engineers to meet with 
process engineering and operations 
teams to discuss needs and potential 
risks that the technology can address.

For example, single-use consum-
ables can require operators to make 
hundreds of sanitary and aseptic con-
nections during setup. One wrong 

Manufacturing



www.biopharminternational.com October 2021  BioPharm International 35

connection can lead to a costly batch 
loss. By performing this work in an 
AR environment, an operator can 
confirm each connection and reduce 
the potential for mistakes.

In another scenario, production 
operators may not have a view of an 
HMI when they are performing activ-
ities such as pumping media, which 
can result in missing critical alarm 
notifications. It may be beneficial for 
operators to wear an AR headset while 
doing this work so they are more likely 
to see alarms as they happen.

CYBERSECURITY
Mitigating cybersecurity risks is a 
priority for most biologics produc-
ers today. A robust cybersecurity 
approach can help producers protect 
their sensitive regulatory and process 
data, while realizing the many bene-
fits of digitalized operations.

Part of this approach involves 
designing a control system with 
standards like ISA/International 
E l e c t ro t e c h n i c a l  C o m m i s s i o n 
(IEC) 62443 (4), which is a consen-
sus-based cybersecurity standard for 
automation. The standard establishes 
that multiple layers of protection will 
provide the most redundancy in case 
a specific security layer fails. This 
concept is referred to as a defense-in-
depth strategy and spans personnel 
knowledge and awareness, physical 
security, application, and device secu-
rity. Some control systems are now 
certified to this standard.

Common Industrial Protocol (CIP) 
security-enabled control devices 
offer another layer of protection. 
CIP Security is an extension to the 
CIP f rom the automation indus-
try association, ODVA. It uses data 
authenticity, integrity, and confiden-
tiality to protect against attacks on 
industrial communications. Industrial 
asset-management sof tware can 
also provide recovery and automatic 
back-up capabilities that are critical 
following a security incident.

EASING THE JOURNEY TO 
COMMERCIAL PRODUCTION
A modern, sca lab le , and f lex i-
ble control system offers a prag-
matic approach to developing an  
automated single-use facility. With 
the  r ight  des ign choices , th i s  
architecture can help producers cre-
ate a connected, information-driven 
facility that scales and evolves with 
their business.

REFERENCES
1. ISA, ANSI/ISA-88.01-1995 Batch 

Control Models and Terminology 
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communication networks–Network 
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Increased Data Flow Demands 
Strategic Management

Establishing a data management strategy in-lab is 
a first step in generating successful analytical studies.

FELIZA MIRASOL

T he use of data has grown increasingly crucial to 
both the molecular development and manufacturing 
process development of new biologic drugs. With 

the growing use of automated platforms that generate vast 
amounts of data, some in real time, the issue of managing 
data to arrive at meaningful evaluations is concurrently 
more challenging.

AUTOMATION IN THE RESEARCH LAB
In the industrial and clinical life sciences laboratory, reliance 
on manual lab protocols becomes impractical and inconve-
nient. The growing use of automated platforms in the lab 
can streamline operational efficiency as well as lend stronger 
sterility assurance by minimizing the amount of human inter-
ference in sampling and running analyses. Another meaning-
ful benefit of automation in the lab is the reduction in time 
during drug discovery processes or data generation for product 
characterization. Automation can improve reproducibility, 
researcher efficiency, clinical translation, and safety (1).

With the use of automation, data generation happens 
much quicker, and the vast amount of data generated 

requires more sophisticated data management. Integrating 
data systems via software systems has become more of a 
requirement. Software systems such as laboratory informa-
tion management systems (LIMS), electronic laboratory 
notebooks (ELNs), sample management solutions, and 
hybrid systems have been made available to coordinate 
these data (2). Further, a growing number of laboratories 
now include automated computer-controlled instruments 
that generate data in various formats (2). 

Although solutions exist for managing the breadth of 
data, they are limited by the fact that data are often in 
proprietary formats, making it difficult to connect with 
other systems. While vendors may sell end-to-end solu-
tions, such integrative systems are typically costly to imple-
ment in terms of time, investment, and infrastructure (2). 
While most commercial systems are designed for bigger 
labs or production laboratories, for studies conducted in 
academic research labs, parameters are subject to change 
due to high staff turnover, which can have an effect on 
how assays are performed and observational outcomes are 
reported. Recently, ELNs have been shown to adapt bet-
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ter to a changing environment than 
LIMS, but they remain an incomplete 
solution to current data management 
needs. Particularly in research labs, 
data still need to be managed and 
shared even as standardized protocols 
are being developed (2). 

In addition, the use of bioinfor-
matics in defining experimental 
parameters poses further challenges 
to data management because data 
need to be shared prior to conclud-
ing study results. What is needed 
is management of data at both the 
production-laboratory level and 
research-laboratory level.

GENERATING THE DATA
Scientific research has shifted in 
recent years f rom being process 
driven to being data driven, and 
scientists are now able to infer the 
results of their studies through data 
analysis because more data are gen-
erated nowadays (3). Managing 
the data generated f rom research 
remains a challenge. “R&D gener-
ates enormous amounts of not only 
operational data, but also high-value 
scientific data, all stored mostly in 
isolated databases throughout a 
vast array of locations and systems,” 
says Bob Voelkner, vice-president, 
Sales and Marketing, LabVantage 
Solutions. “The data, which can be 
in unstructured and structured for-
mats, are very difficult to manage and 
maintain,” he confirms.

Voelkner also notes that accessing all 
the data and combining them into one 
system can be very complex. “R&D 
labs are also faced with the struggle of 
securing distributed system data stores 
and later finding and using that data,” 
he states.

The use of automated platforms in 
laboratories has helped by harmoniz-
ing and structuring the data and mak-
ing them available, Voelkner points 
out. Making useful data accessible is an 
important factor in making informed 
data-driven decisions. Automation 
alone, however, is not the full solu-
tion to lab data management, Voelkner 
cautions. “There can be potential data 
integrity issues in accessing the data. 
An automated platform requires pro-
cesses and controls around it for a 
complete solution,” he adds.

There still remain significant chal-
lenges to data-driven research, however, 
starting with the fact that such gener-
ating data-rich research is time con-
suming, consuming as much as 80% of 
a researcher’s time on mundane data 
processing tasks (3). Secondly, data 
exchange is inefficient when reliant 
on manual curation on one end and 
manual data extraction at the receiv-
er’s end. Such data exchange pro-
cesses create inefficiencies and opens 
opportunities for transcription errors. 
Finally, a lack of reliability still exists. 
For instance, with the increasing use 
of artificial intelligence and machine 
learning models as a part of decision 
making, data errors can impact mod-
eling results, potentially compromising 
reproducibility. A published report has 
suggested that 50% of deep learning 
experiments in pharmaceuticals were 
not reproducible. Of those, 25% were 
attributed to data integrity (3).

STRATEGIZING 
DATA MANAGEMENT
The vast amounts of data now able 
to be generated via automated lab 
platforms have made it more vital to 
create a data management strategy. 

According to Voelkner, having deep 
knowledge on how an organization 
can make the best use of its data, who 
needs access to that data, and who the 
data needs to be shared with outside 
R&D are important considerations. 
“This will drive which technology and 
approach is the best solution for a spe-
cific organization. Eliminating acces-
sibility issues with siloed data and 
moving toward a harmonized solution 
is solved with an analytics solution 
that can bring value to an organiza-
tion’s data,” he states.  

Not having a well-thought-out data 
management strategy can become a 
barrier to lab data workflow, imped-
ing the success of analytical studies. 

“Knowing where your data is, how your 
data will be used, and by whom is key 
to success,” says Voelkner.

Voelkner points out that lead-
ing-edge companies have recognized 
the fact that they have silos of valuable 
data that are difficult to access and 
make meaningful use of. He recom-
mends that establishing a centralized 
laboratory informatics solution that 
can support an organization’s enter-
prise R&D workflow and data-capture 
needs as a first step in tackling data 
management issues. Next, an organiza-
tion should utilize a powerful analyt-
ics solution that can ingest data from 
multiple sources. This will allow the 
organization to consolidate its data 
into a single data lake, to which busi-
ness intelligence tools can be applied 
to provide context and visualization. 
“Additionally, the analytics tool should 
apply machine learning and artificial 
intelligence algorithms to predict pos-
sible outcomes and make informed 
decisions,” Voelkner states.
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Advanced therapies rely on complex feedstocks in 
downstream processing that may require additional 
steps to capture the purity of the target capsids.

The highest costs in a production process arise from the 
downstream processing. Therefore, understanding the 
biophysical properties of the viral vectors helps to choose 

the optimal parameters and conditions and subsequently, can be 
beneficial to decide which unit operations or process steps can be 
reduced to minimize product losses during the process.1 BioPharm 
International recently spoke with Marc Hummersone, Senior Director 
of R&D at Astrea Bioseparations, about the evolving challenges of 
downstream processing for advanced therapies, and what the future 
might hold. He also describes the company’s Discover. Develop. 
Deliver. approach to customer alignment, along with selection 
considerations of off-the-shelf and customized downstream solutions.

BIOPHARM: Can you describe your background and your new role 
at Astrea? 
HUMMERSONE: I am a qualified chemist and have been involved 
in biotech since finishing my post-doctorate in Total Synthesis of 
Natural Products. I initially applied my skills to drug discovery and 
development, and was part of the team that brought the Poly (ADP-
ribose) polymerase inhibitor, Lynparza, to market. It was around 
about this time that I started to learn and hear more about biological 
therapeutics. I developed an interest in how they are produced and 
it quickly became apparent that there was a clear and unmet need 
for purification solutions. I then had the opportunity to become part 
of a company that was developing fiber-based chromatography 
technology and became the Chief Scientific Officer. That company 
was Puridify before being acquired by General Electric Healthcare. 
GE Healthcare then became Cytiva, and I was the Director of Fiber 
Chromatography at Cytiva. 

More recently, I had the opportunity to join the Astrea team as 
a Senior Director of R&D, where my role is to oversee the R&D 
function and contribute to the business strategy while developing 
innovative new products for Astrea and customers alike. I work with a 
fantastic team who, like me, are dedicated to delivering to the needs 
of the customer and the patients. In this regard, I have a particular 
interest in serving the needs of the cell and gene therapy sector, 
which requires next-generation purification solutions for next-
generation therapeutics. 

Developing Cost-Effective, 
Accelerated Downstream Processes BIOPHARM: What pain points does Astrea aim 

to address for customers, and why the 
downstream focus? 
HUMMERSONE: There is an increasing demand 
for higher productivity and increased efficiency 
in bioprocess manufacturing. There have been 
improvements made in the efficiency of that process 
in the upstream area, such as more efficient cell 
culture systems. That is starting to put pressure on 
the downstream processing, as this is required to 
accommodate higher volumes. Consider advanced 
therapies, such as the viral vector approach, which 
produces target capsids at very low titers in potentially 
large volumes. This means that the feedstocks coming 
into the downstream processing are complex. They 
have a high level of non-target contaminants and, 
in turn, many steps may be required to capture the 
purity of the target capsids. And with each step, there 
are losses of the target itself. 

All things considered, there is growing focus 
on improving the efficiencies and costs of the 
downstream processes, as well as reducing 
its footprint. What I, and the rest of the Astrea 
team are focusing on, is addressing these 
inefficiencies through the development of affinity 
chromatography products that compress the 
downstream process and reduce the inefficiencies 
of non-affinity chromatography. 

In addition, there is a high cost associated with the 
cleaning and validation processes required when 
changing process runs. Therefore, many companies 
are moving towards disposable solutions, as these 
allow for greater ease of use. This can significantly 
improve process economics. With that in mind, we 
have prepacked columns designed for campaign 
use to enable swifter turnaround between product 
runs, as well as to alleviate the need to retain 
packing skills and column storage on site. 

BIOPHARM: Can you describe the Discover, 
Develop, Deliver approach? 
HUMMERSONE: Astrea has a well-established 
modular program to discover ligands, develop 
adsorbents, and deliver custom affinity adsorbents 
at large manufacturing scale. This allows flexibility in 
how customers can work with us. For our customers 
with specific bioprocessing needs, Astrea can create 
custom ligands for those who already have an in-
house ligand. We can develop these further into 

efficient adsorbents. For customers who require 
adsorbent manufacturing, we have our large-scale 
clean room manufacturing facilities, based on the 
Isle of Man. 

BIOPHARM: Please dive deeper into the develop 
aspect of Astrea’s offering.
HUMMERSONE: We like to engage customers via 
our discovery module so we can provide ligands 
that address the criteria required for their specific 
application. After this, the lead candidates are 
moved forward to the development module and the 
lead candidates are optimized and synthesized for 
customers to evaluate. This includes both adsorbent 
and chromatography development. Alternatively, 
we can further develop our own in-house ligand. 
This module is performed using automated 
chromatography workstations and pack columns 
with initial investigation of non-bound, wash, 
elution, and clean-in-place steps. 

BIOPHARM: What specifically does the 
development step entail? 
HUMMERSONE: Adsorbent development includes 
evaluation of base matrices, ligand synthesis 
methods, immobilization of ligand, densities, and 
attachment chemistries. The chromatography 
development includes the optimization of 
processes, and conditions to utilize the adsorbent in 
the most efficient way and maximize product purity 
in yield. These two steps are often performed in 
parallel, and we encourage them to be.

BIOPHARM: Briefly explain the second step, 
Deliver, in the Astrea offering.
HUMMERSONE: Once your candidate ligands have 
been developed and you are satisfied after your 
in-house testing, the next steps are to move to 
the deliver module, which includes tech transfer. 
This enables commercial large-scale adsorbent 
manufacture at our production facility. We can 
produce different batch sizes of affinity adsorbents, 
according to the customer needs—even going up to 
single batches of a thousand liters. Most importantly, 
we have adopted GMP standards, and we can 
support our customers with a full regulatory package. 
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Bioanalytical Studies Support 
Biosimilars Approval Pathway
Establishing bioassay studies for biosimilar development 

is important for supporting regulatory filings.
FELIZA MIRASOL

W ith a growing number of biosimilars achieving 
regulatory approval and moving through clinical 
development, the need for bioanalytical studies 

to determine correct structure and function of these mole-
cules is increasingly important. Additionally, data generated 
from these bioanalytical studies are necessary for supporting 
regulatory filings for a biosimilar candidate.  

In discussing the need for and importance of bioana-
lytical assays in the development of biosimilars, BioPharm 
International spoke with Kelli Phillips, associate director, 
Immunochemistry; Gwen Eak, manager, Immunochemistry; 
and Edward Tabler, director, Immunochemistry, all at PPD 
Laboratories’ bioanalytical lab.

THE BIOSIMILAR CHALLENGE
BioPharm: What are the most challenging issues in analyt-
ical assessments of biosimilar molecules?

Phillips (PPD): Biosimilar drugs are subjected to both 
structural and functional assessments. Structural assess-
ments occur early in the drug development process and are 
significantly more robust than those assessments required 

during the original [innovator] drug development. Because 
biologics are the products of living organisms, the prod-
ucts produced are heterogeneous, often with variance in 
post-translational modifications. Key structural character-
istics assessed for both the innovator and biosimilar drug 
product include amino acid sequence, aggregation levels, 
charge heterogeneity, and the glycosylation profile.

Biosimilar products also must be compared to the inno-
vator product in non-clinical and clinical trials to assess the 
performance of the biosimilar drug, with a focus on efficacy 
and safety. For this [step], assays must be developed to detect 
both the biosimilar and innovator equally in a single-assay 
approach. The most critical need in this step is the acqui-
sition of reagents. Often the original innovator assays are 
completed with specialized reagents provided by pharmaceu-
tical development R&D teams. These components can help 
to build more robust assays, with maximized assay sensitivity 
and tolerance. Biosimilar sponsors do not always have access 
to these specialized innovator materials and may need to rely 
on commercially available reagents that have not been opti-
mized to their needs. As well, the innovator drug product 

Outsourcing
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necessary for developing a single assay 
is usually only available as a commer-
cial dosing solution, provided with a 
fixed concentration and formulation 
buffer. While these challenges can 
make it more difficult to meet the tar-
get sensitivity and tolerances achieved 
by the original innovator methods, the 
improvements in instrumentation and 
methodologies that have occurred in 
the last decade contribute to the suc-
cess of the biosimilar assessment.

KEY DATA REQUIREMENTS
BioPharm: What key data or analyt-
ical studies are required for biosimilar 
product development?

Eak (PPD): Data for the reference 
and biosimilar products are generated 
and evaluated in a sequential process 
starting with structural and functional 
characterization, moving to animal 
studies and then to clinical studies. 
The data from each of these steps is 
compared between the products to 
establish if the biosimilar product is 
highly similar to and has no clinically 
meaningful differences from the refer-
ence product. 

Biosimilar product applications 
must contain three components. The 
first is analytical studies that do not 
contain bioanalytical data but do 
demonstrate that the biosimilar prod-
uct is highly similar to the reference 
product. The second is animal studies, 
which often include bioanalytical data 
to assess toxicity. The third is a clin-
ical study or studies in one or more 
of the indications that the reference 
product has previously been licensed. 
Bioanalytical data supporting clini-
cal studies may include quantitative 
pharmacokinetic (PK) and pharmaco-
dynamic (PD) results and safety data 
including antibody and neutralizing 
antibody qualitative results. 

In addition to these three require-
ments, an application for an inter-
changeable product must include two 
aspects: data demonstrating that the 
product is expected to produce the 

same clinical results in any patient 
and for products with multiple dose 
administrations, clinical study data 
supporting the switching between dos-
ing with the reference and biosimilar 
products that does not increase safety 
risks or reduce effectiveness compared 
to patients dosed solely with the ref-
erence product. Bioanalytical data 
supporting both of these requirements 
again include PK and PD results and 
safety data (1). 

NAVIGATING 
REGULATORY PATHWAY
BioPharm: What regulatory chal-
lenges exist, and how does the regu-
latory aspect drive the type of data or 
testing needed to support a regulatory 
filing for a biosimilar?

Tabler (PPD): Prior to the exis-
tence of regulatory pathways for bio-
similars, comparator studies were 
uncommon for biologics when com-
pared to their generic/small-mole-
cule counterparts. Since bioanalytical 
data is extremely critical to these sub-
missions, the shift to these types of 
studies for large molecules resulted in 
increased regulatory scrutiny on meth-
ods and processes used to detect bio-
logics and their anti-drug antibodies 
(ADAs).

For early biosimilar submissions, a 
significant challenge was in predicting 
what standard the regulatory agencies 
would apply during their review. A sin-
gle-assay approach hadn’t been widely 
adopted, and there was no standard 
approach for comparing the biosimilar 
against approved drugs in method val-
idation. For ADA analysis, immunoge-
nicity guidance existed, but it was still 
in draft, and many sections were still 
the subject of debate. 

FDA and the European Medicines 
Agency have now approved a sig-
nificant number of drugs through 
their respective biosimilar pathways. 
Comparisons during method valida-
tion have largely been standardized 
and immunogenicity guidance has 

been finalized. While interpretations 
of standards and guidance are still 
evolving, today ’s regulatory chal-
lenges are primarily in addressing 
program-specific concerns. These 
are generally driven by comparisons 
against historical data for the origina-
tors, which may not have followed the 
same standards as the biosimilar. For 
ADA methods, concerns during these 
comparisons also may be affected by 
the increased sensitivity of today’s 
methods, as well as improved knowl-
edge about related issues like drug tol-
erance, cut point establishment, and 
patient population adjustments.

OUTSOURCING STUDIES
BioPharm:  Why would a drug 
developer invested in biosimilar 
product development seek/require 
the bioanalytical services of an out-
sourcing partner?

Phillips (PPD): There are many 
advantages when working with out-
sourcing partners for biosimilar prod-
uct development. Because contract 
research organizations (CROs) rou-
tinely support biosimilar product 
submissions to regulatory agencies, 
the current best practices expected by 
regulatory agencies are well under-
stood, and internal practices have 
been developed to address the most 
recent expectations. As well, CROs 
are usually subjected to regulatory 
audits for biosimilar programs, pro-
viding them with valuable insights 
that can be leveraged when manag-
ing new biosimilar bioanalytical pro-
grams. Finally, CROs have processes 
in place that allow for fast-paced 
method development/validation and 
sample analysis—including auto-
mation and priority track for data 
review—allowing biosimilar clients 
to meet the aggressive timelines that 
usually accompany these programs.

REFERENCE
1. FDA, “Biosimilar Development, 

Review, and Approval,” www.
FDA.gov, Oct. 20, 2017. ◆
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Public Trust in Medicine Quality as 
Public Health Challenges Emerge

Public health challenges have highlighted the need for 
agility in maintaining the quality of medicines. 

JAAP VENEMA AND JENNIFER DEVINE

P  atient and consumer trust in medicines and public 
confidence in their quality and availability are critical 
for positive health outcomes. When systems for safe-

guarding medicines are weakened, public trust erodes. 
Emerging public health challenges—including global 

vaccinations to stop the spread of COVID-19, proliferation 
of substandard and falsified medicines amid demand surges, 
and the detection of potentially cancer-causing nitrosamine 
impurities in some commonly-used medicines—have under-
scored the need for agility in maintaining the quality and 
consistency of medicines. 

The US Pharmacopeia (USP) continues to build trust in 
medicines by creating scientific standards, tools, and solu-
tions for industry, regulators, and practitioners that promote 
the ongoing availability and reliability of quality medicines 
in response to public health crises and other health needs.

AN ONGOING RESPONSE TO COVID-19
Hand Sanitizers And Methanol Contamination 
In 2020, the demand for alcohol-based hand sanitizers had 
surpassed its supply due to the rapidly evolving COVID-19 

pandemic. As shortages of hand sanitizer became widely 
reported, compounding pharmacists and non-traditional 
manufacturers, including distillers, began making alco-
hol-based hand sanitizer for the public. USP scientists and 
other experts came together to develop a hand sanitizer tool-
kit that included quality standards for sanitizer ingredients 
and resources for compounding alcohol-based sanitizer. 

By July 2020, FDA alerted the public to a sharp increase in 
hand sanitizer products that were labeled to contain ethanol 
(also known as ethyl alcohol) but tested positive for methanol 
contamination. Methanol, or wood alcohol, is a substance 
that can be toxic when absorbed through the skin and can be 
life-threatening when inadvertently ingested. Recognizing 
that methanol-contaminated ethanol had entered global 
supply chains—for both hand sanitizer products as well as 
other medicines—USP collaborated with FDA and stake-
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holders to update USP monographs for 
Alcohol and Dehydrated Alcohol in the 
United States Pharmacopeia—National 
Formulary (USP–NF) to include a spe-
cific identification test to detect and 
control methanol contaminants. Using 
the Accelerated Revision Process, USP 
posted these revisions on Aug. 17, 2020, 
which then became official on Sept. 1, 
2020. USP and FDA worked together 
to communicate these changes to 
stakeholders.  A virtual open forum was 
held with panelists from USP, FDA, 
and industry on regulatory and com-
pendial requirements for producing 
alcohol used in drug products. USP 
also held global seminars on helping to 
ensure quality alcohol-based hand sani-
tizer production and safe use. The sem-
inars were tailored to meet the needs 
of manufacturers and healthcare prac-
titioners in the United States, Latin 
America, India, and Africa. 

USP published Revision Bulletins 
for its monographs for Isopropyl 
Alcohol and Azeotropic Isopropyl 
Alcohol on July 30, 2021, which will 
become official on Feb. 1, 2022. The 
six-month window gives stakeholders 
additional time to implement changes 
introduced in the Limit of Volatile 
Impurities test, including the addition 
of methanol as a specified impurity.  

Proper Vaccine Handling
As vaccines to combat COVID-19 
were authorized for use in the US in 
early 2021, USP mobilized efforts to 
help get shots in arms by developing 
resources for the healthcare practitioner 
community. USP’s COVID-19 Vaccine 
Handling Toolkit addressed operational 
considerations for healthcare workers 
administering vaccines and potential 
efficiency gaps at mass vaccination clin-
ics across the US. Developed by dozens 
of experts from multiple disciplines and 
areas of practice—including healthcare 
practitioners, FDA, and the Centers 
for Disease Control and Prevention—
the toolkit helps practitioners safely 
and efficiently prepare and transport 

the Moderna, Pfizer-BioNTech, and 
Johnson & Johnson/Janssen vaccines 
while also ensuring vaccine integrity 
and provides best practices for vaccine 
waste minimization. The availability of 
USP’s toolkit has led to an estimated 
increase in supply of more than 53 mil-
lion doses of vaccines by optimizing 
the number of vaccine doses withdrawn 
from vials, resulting in an estimate of 
26.5 million more people vaccinated (1). 

In July 2021, USP released the 
International COVID-19 Vaccine Guide 
for healthcare practitioners outside 
of the US. Based on the COVID-
19 Vaccine Handling Toolkit, this 
guide provides information on several 
COVID-19 vaccines used interna-
tionally. It highlights operational con-
siderations about vaccine preparation, 
transport, and handling unique to geog-
raphies outside of the US and includes a 
Visual Inspection Guide to help identify 
falsified COVID-19 vaccines. 

Substandard and  
Falsified Vaccines
High global demand and insufficient 
supply have resulted in the vastly ineq-
uitable global distribution of COVID-
19 vaccines, and these factors also 
have created economic incentives for 
the deliberate falsification of vaccines. 
The issue of substandard and falsified 
COVID-19 vaccines will likely remain 
a problem for several years to come as 
the world continues to work toward 

immunization of the global population. 
While the World Health Organization 
advises that vaccines procured from 
assured sources should not be tested 
again by receiving countries, as they 
have been tested and released already 
by National Regulatory Authorities (2), 
individual countries or manufacturers 
may have a need to develop their own 
laboratory capacity for the testing of 
COVID-19 vaccines.

To support manufacturer and regu-
latory laboratories that need to develop 
and validate assays for assessing qual-
ity attributes of vaccines, USP created 
toolkits to help users navigate rele-
vant documentary standards in USP–
NF. These Vaccine Quality Attributes 
toolkits are organized based on the 
various COVID-19 vaccine platforms 
currently in use for authorized and 
approved COVID-19 vaccines. The 
toolkits include common quality tests, 
standards, and other information to 
support development and validation of 
analytical tests commonly used to help 
ensure the quality of vaccines. These 
toolkits can help reduce risks from 
substandard and falsified vaccines and, 
ultimately, increase public trust.

NITROSAMINE IMPURITIES  
IN MEDICINE SUPPLY CHAINS
Before the emergence of COVID-
19, concerns about the global med-
icine supply chain had already been 
raised when unacceptable levels of a 
potentially-cancer causing nitrosa-
mine impurity was found in the blood 
pressure medicine, valsartan. Extensive 
investigations determined that nitrosa-
mines were caused by a change in the 
manufacturing process that had been 
made to improve product yield. 

Nitrosamines can arise through-
out the drug manufacturing process, 
including synthesis, purification, for-
mulation, packaging, and storage. Even 
small changes to manufacturing pro-
cesses can introduce new or changing 
levels of impurities. They can be intro-
duced in raw materials, solvents, or 
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result from product degradation. With 
so many possible sources for nitrosa-
mine impurities, manufacturers should 
establish control strategies to evaluate 
and mitigate potential risks.  When 
the risk of nitrosamines is identified, 
the use of analytical testing to detect 
and measure nitrosamine levels is vital 
to protect patients from exposure to 
unacceptable levels of these potentially 
harmful substances.

USP responded to the nitrosamines 
impurities crisis with solutions to 
detect and measure nitrosamine lev-
els. This work has been advanced by 
USP’s committee of volunteer experts 
comprised of industry scientists, global 
regulators, and other stakeholders 
with expertise in manufacturing and 
organic impurities. Taking a multi-
pronged approach, USP has developed 
nitrosamine reference standards, a 
general chapter on nitrosamine impu-
rities, and other resources and infor-
mation that support manufacturers as 
they take proactive measures to pre-
vent exposing patients to potentially 
harmful nitrosamine impurities.

USP  General  Chapter <1469> 
Nitrosamine Impurities was pub-
lished in USP–NF in June 2021 and 
becomes official on Dec. 1, 2021. 
The general chapter identifies pos-
sible sources of nitrosamines in drug 
products, their components, and 
their manufacturing process, along 
with the risks associated with each 
source. The general chapter provides 
recommendations on nitrosamines 
risk assessment and the development 
of detection and control strategies. If 
manufacturers detect nitrosamines in 
their products, the chapter provides 
a range of different test methods for 
quantifying them to help ensure they 
remain below harmful levels.

USP ’s nitrosamine Reference 
Standards can be used by manufac-
turers as controls to test against their 
own materials. USP’s general chapter 
includes methods for using the nitro-
samine Reference Standards. The 

Reference Standards may also be used 
with methods provided by FDA and 
other regulators as well as for validating 
methods developed in-house.

Regulators expect manufacturers 
of APIs, marketed products, and 
pending new products to conduct 
risk assessments for nitrosamine 
impurities, take mitigative actions 
if these impurities are detected, and 
report any changes implemented to 
prevent/reduce these impurities. 

In addition, USP has launched 
Nitrosamines Exchange—a new 
online community focused on nitrosa-
mines risk assessment. Nitrosamines 
Exchange is a dynamic forum for 
members of the pharmaceutical com-
munity to come together and exchange 
ideas, share insights, and learn from 
one another about the science of nitro-
samines and the development of risk 
assessment programs. While USP is 
the host of this community, discussions 
on Nitrosamines Exchange are led and 
shaped by the industry scientists, man-
agers, and leaders participating in the 
community, and membership is free. 

Raw Materials for  
Biologic Products
Ensuring the availability and qual-
ity of raw materials for vaccines 
and other biologic therapeutics has 
emerged as another critical topic 
related to global supply chains. As 
we have seen during the COVID-19 
pandemic, safeguarding the quality 
of raw materials throughout product 
development and manufacturing is 
as important as sourcing the material 
itself, given that manufacturers of 
vaccines and protein-based therapies 
can find themselves relying on just 
a few specialized suppliers of key 
ingredients.

To produce a final product that 
is safe, effective, and consistent in 
quality, manufacturers must be able 
to ensure and maintain raw material 
quality in complex materials like cell 
culture media used to make many 

protein-based therapies. The key is 
carefully managing the control and 
quality of each component along the 
way to the final product. 

In 2020, a new USP Expert Panel 
for Trace Metals in Cell Culture 
Media was formed and is currently 
drafting an informational general 
chapter that will describe best prac-
tices, including risk-based approaches, 
sample considerations, commonly 
used methods based on inductively 
coupled plasma techniques, and 
common isobaric and polyatomic 
interferences. The new chapter pro-
posal is expected to publish in the 
Pharmacopeial Forum in 2022.

INNOVATIVE AND  
AGILE SOLUTIONS 
Responding to public health crises 
and emerging health needs requires 
agile approaches for protecting med-
icine quality and patient safety. USP 
continues to develop and refine sci-
entific solutions and tools that pro-
mote the availability and reliability 
of quality medicines so that public 
trust in medicines is preserved. 

To learn more about USP’s stan-
dards and other scientific solutions, 
visit www.usp.org.

REFERENCES
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Getting a Nose for Vaccines
The intranasal route of administration is showing clinical 
promise, particularly for COVID-19, but there are multiple 

hurdles to overcome to ensure successful formulation. 
FELICITY THOMAS

T  he SARS-CoV-2 outbreak, which started late in 
2019, has demonstrated how devastating novel infec-
tions can be for the global population. In response 

to the infectious threat posed by the novel coronavirus, the 
pharmaceutical industry rallied and managed to develop 
effective parenteral vaccines in record breaking speeds. 
However, the COVID-19 pandemic has also brought 
to the fore the development and distribution challenges 
associated with mass vaccination programs as well as dif-
ficulties ensuring equitable access to vaccines—a particular 
challenge for low-income countries. 

RATIONALE BEHIND A MUCOSAL ROUTE
Mucosal pathogens, such as SARS-CoV-2, are a major 
cause of infectious diseases across the world, and the muco-
sal route of vaccination has been of interest for some time, 
primarily due to the induction of immune response that is 
achievable with this form of delivery (1). 

Although there are numerous avenues available for 
mucosal vaccination, the most commonly employed routes 
are via the mouth and nose. However, the number of 
licensed mucosal vaccine formulations is limited, and the 
available formulations tend to use attenuated strains of 

pathogenic bacteria or viruses, which carry specific risks 
such as reactogenicity and post-vaccination reversion of the 
pathogen to a virulent form (1).

Nevertheless, mucosal vaccines provide a strong immune 
response in patients, both in mucosal sites and systemic 
circulation (2). Additionally, these types of vaccines also 
offer cost and administration benefits over the traditional 
injectable forms (2). 

FORMULATIONS FOR INTRANASAL VACCINES
Nasally administered vaccines are widely accepted and easily 
accessible, and have reportedly achieved a better systemic 
bioavailability and protection from gastric enzymes when 
compared with orally or parenterally administered vac-
cines  (3). Yet, there are multiple hurdles that can hamper 
development of nasal vaccines. 

Challenges to the formulation of nasal vaccines include, 
but are not limited to, the size of the dose required, lim-
ited efficacy of the vaccine due to mucociliary clearance, 
the necessity for adjuvants to enhance immunogenicity, 
restricted delivery volume in the nasal cavity, and normal 
human defense mechanisms (3). According to expert opin-
ion, the incorporation of effective adjuvants that can trigger 

Pandemic Response
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both mucosal and systemic immune 
responses are necessary for noninvasive 
vaccine delivery, and a more extensive 
understanding of mucosal immunity is 
required (4). 

Currently, the commercially avail-
able intranasal vaccines are FluMist/
F luenz Tetra (AstraZeneca) and 
Nasovac (Serum Institute of India), 
which are  both l iquid, l ive-at-
tenuated vaccines for influenza 
administered via a nasal spray (5). 
Other formulations for nasal vac-
cines inc lude solutions adminis-
tered via drops, powders, gels, and 
solid inserts, although there are no 
other nasally administered vaccines 
approved for marketing authoriza-
tion globally.

Spraying a solution into the nasal 
cavity is simple for administration pur-
poses; however, some of the formu-
lation may leak from the nasal cavity 
or into the oral cavity, which would 
reduce potential therapeutic effect 
and dose. To overcome these poten-
tial issues, it has been suggested by 
some experts that gelling agents, such 
as polymers, included in the formula-
tion could increase the residence time 
of the vaccine in the nasal passage (5). 

Solid formats for nasal vaccines 
can offer the advantage of being more 
stable than liquid formulations but 
may have disadvantages in terms of 
cost and ease of administration due 
to the potential requirement of spe-
cialist applicators. Additionally, there 
has been interest in the development 

of particulate carrier systems, such as 
liposomes, for vaccine products (5). To 
achieve success, however, vaccine for-
mulations that are designed for intra-
nasal administration must maintain the 
antigen stability, provide sufficient res-
idence time in the nasal mucosa, and 
should be compatible with other com-
ponents, such as adjuvants (6). 

CLINICAL PROSPECTS  
FOR COVID-19
For COVID-19, it has been specified 
that the intranasal route of adminis-
tration for a vaccine is promising due 
to the fact that the normal route of 
infection for the SARS-CoV-2 virus is 
also via the nose (6). Furthermore, it is 
widely reported that vaccines admin-
istered intramuscularly are less likely 
to provide immunity protection in the 
upper respiratory tract—the area of 
primary attack from SARS-CoV-2.

At the time of writing, the World 
Health Organization (WHO) has 
reported that there are 112 vac-
cines in clinical development and 
184 in pre-clinical development for 
COVID-19  (7). Of those candidates 
in clinical phase, only eight vaccines 
are formulated for intranasal admin-
istration (7).

The furthest along the clinical 
lifecycle, according to WHO, are 
a viral vector (replicating) vaccine 
being developed by the University of 
Hong Kong, Xiamen University, and 
Beijing Wantai Biological Pharmacy, 
and a protein subunit vaccine being 
developed by the Center for Genetic 
Engineering and Biotechnology (7). 
Another potential intranasal can-
didate f rom Altimmune is no lon-
ger in development as a result of  
inadequate immune response in 
healthy volunteers (8).

Of the vaccines that currently have 
authorization f rom regulatory bod-
ies to treat COVID-19, only one is 
in clinical development as an intra-
nasal formulation (7). The University 
of Oxford announced the launch of 

a study investigating the efficacy of 
nasal administration of the ChAdOx1 
nCoV-19 vaccine, which was originally 
co-developed for intramuscular admin-
istration with AstraZeneca, earlier in 
2021  (9). The trial will assess the effi-
cacy and immune response of either 
one dose or two doses of the intranasal 
vaccine in healthy participants and is 
expected to take four months (10).

Regarding the other potential intra-
nasal COVID-19 vaccines in clinical 
development: two are live attenuated 
virus vaccines—COVI-VAC f rom 
Codagenix and Serum Institute of 
India, and MV-014-212 from Meissa 
Vaccines; two are non-replicating viral 
vector vaccines—BBV154 from Bharat 
Biotech International and PIV5-
vectored vaccine from CyanVac; and 
one is an inactivated virus for intra-
muscular or intranasal administration 
from Laboratorio Avi-Mex. There is 
an additional protein subunit vaccine 
listed in WHO’s COVID-19 vaccine 
candidate tracker, which is adminis-
tered intramuscularly for the first two 
doses and then intranasally for a third 
dose, from Razi Vaccine and Serum 
Research Institute (7).

Another potential intranasal candi-
date that is currently in the pre-clinical 
stage is a vaccine that uses a common 
poultry virus, the Newcastle Disease 
Virus, to produce spike proteins of 
SARS-CoV-2 (11). The collaborative 
effort from the University of Lancaster 
(United Kingdom) and the Texas 
Biomedical Research Institute has gar-
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nered positive results with reductions 
in both disease impact and transmis-
sion in animals (12).

Rokote Laboratories Finland—an 
academic spin-out company f rom 
the University of Eastern Finland 
and the University of Helsinki—has 
secured funding that will help it 
push forward with clinical develop-
ment of its intranasal COVID-19 
vaccine candidate, FINCoVac (13). 
The vaccine is based on gene transfer 
technology that has proven success-
ful in other fields. 

A further intranasal candidate is 
in development by Dutch company 
Intravacc (14). The SARS-CoV-2 
Outer Membrane Vesicle based recom-
binant spike protein candidate has 
delivered positive pre-clinical results in 
mice and hamsters, and the company 
hopes to move forward to in-human 
trials quickly. And, researchers from 
TheraVectys—a spin-out from Institut 

Pasteur—have been developing a len-
tiviral vector vaccine candidate, which 
it reports would represent “a second 
generation vaccine that could generate 
a durable cellular response against the 
original SARS-CoV-2 strain, existing, 
and future variants” (15).
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2017 draft revision to Annex 1. While not a require-
ment by the U.S. FDA, EMA inspectors and some 
PIC/S inspectors have been increasingly expressing 
expectations for companies to employ this test-
ing procedure” (1). The article goes on to explain 
the concerns that led to the PUPSIT requirement: 
“Concerns have been raised that a sterilizing filter 
could develop certain flaws that would allow micro-
biological contamination to pass during filtration. 
The key is that flaws may be blocked or clogged by 
fluid contaminants or components during the filtra-
tion process and remain undiscovered during post-
use integrity test. This phenomenon is sometimes 
referred to as ‘filter flaw masking’” (1). 

Additionally, the article explores the rational for 
not employing PUPSIT because of the concern “that 
the contamination/product deterioration risk associ-
ated with performing PUPSIT may greatly outweigh 
the risk of product contamination as a result of the 
masking effect. To test a filter that has been sterilized 
by current means, the sterile filtrate side of the steril-
ized filter must be under atmospheric pressure, requir-
ing a fluid pathway to remove any wetting agent. The 
exposure of the downstream portions of the sterile 
product transport line poses a risk to maintaining the 
sterility of the filtered product. This, along with other 

risks, including additional interventions in the aseptic 
space, increased complexity of the filtration system, 
execution of this additional tests, failure of PUPSIT 
assembly components and stress on sterilized filter to 
perform the test, is greater than the remote likelihood 
of microbiological contamination from a flaw which 
can be masked during use of the filter that is not 
detected afterwards” (1). 

As indicated above, the PUPSIT concept is actively 
being debated. The best way to address the use/non-
use of PUPSIT in your organization is to make sure 
you have an appropriate risk assessment in place 
defending your position.

Q: What makes aseptic drug manufacturing 
so challenging?

A:  Aseptic manufacturing requires highly trained 
and experienced people to carry out the opera-

tions, special equipment, and cleaning procedures, and 
constant environmental monitoring even when the 
manufacturing area is not in use. The risk to the prod-
uct and the patients is significant if the aseptic process 
is compromised.

REFERENCE
1. T. Morris et al., “PUPSIT and the Annex 1 Revision,” PDA Letter, 

Aug 29, 2019. ◆
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Susan J. Schniepp, distinguished fellow at Regulatory 
Compliance Associates, answers some commonly 
asked questions about aseptic processing.

Q: What is aseptic processing?

A: Aseptic processing is a manufacturing 
method that can produce product that 

is absent of bacteria without subjecting the 
product to terminal sterilization processes. 
Many products degrade and become ineffec-
tive when subjected to the harsh conditions of 
terminal sterilization. Aseptic process manu-
facturing allows these products to be produced 
in a sterile environment, allowing them to 
maintain their effectiveness while being safe 
to inject into patients.

 Q: What is the difference between aseptic 
processing and terminal sterilization? 

A: The major difference between aseptic 
processing and terminal sterilization is 

when the sterilization step occurs in the pro-
cess. In terminal sterilization, the sterilization 
is performed after the API, excipients, contain-
ers, and stoppers have been assembled. The 
assembled product is then subjected to high 
heat and/or radiation that renders the final 
product sterile. Terminal sterilization processes 
are harsh and can have negative effects on the 
efficacy of the product. For products that can’t 
withstand terminal sterilization, manufactur-
ers employ aseptic manufacturing. The aseptic 
manufacturing process requires the drug prod-
uct and any excipients, the container, and the 
stoppers to be individually sterilized before 
being introduced into the cleanroom or sterile 
manufacturing core where the final product is 
manufactured in a highly controlled environ-
ment constantly monitored for air quality and 
potential microbial ingress.

Q: Why must manufacturers establish envi-
ronmental controls for aseptic processes?

A: Let’s be clear, all drug manufactur-
ing, including solid oral dosage form 

and terminal sterilization manufacturing are 
required to have established environmental 
controls. This requirement is addressed in 
global current good manufacturing practices 
(CGMPs). The purpose of these controls is to 
prevent product contamination due to insani-
tary conditions. The environmental controls 
to be monitored include, but are not necessar-
ily limited to, air quality including particulate 
matter, ventilation, temperature, humidity, air 
pressure, and microbial contamination. The 
environmental control limits are, as expected, 
stricter for aseptic processing manufacturers 
due to the nature of their business. 

Q: What does PUPSIT stand for, and why is 
it required?

A: PUPSIT is a term used in aseptic pro-
cessing operations, and it stands for 

pre-use post-sterilization integrity testing. 
This testing is performed on the sterilizing 
filter after it is installed before product man-
ufacturing and then again after the product 
manufacturing is completed. The purpose 
of the pre-test is to ensure that the steriliza-
tion and installation process has not dam-
aged your filter prior to the filtration of your 
product. The purpose of the post-test is to 
demonstrate that the filter remained intact 
and undamaged during the actual filtration 
of the product.

An article published by the Parenteral 
Drug Association (PDA) states, “Since 1998, 
the EU Guidelines to Good Manufacturing 
Practice: Medicinal Products for Human and 
Veterinary Use, Annex 1 (Manufacture of 
Sterile Medicinal Products) or ‘Annex 1’ has 
contained the requirement for verifying the 
integrity of a sterilizing grade filter before use 
and after its sterilization. The requirement 
remained in the 2008 revision and in the 
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The Basics of Aseptic Processing
Susan J. Schniepp is  

distinguished fellow at 
 Regulatory Compliance Associates.
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