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Chairman’s letter

W hile innovation and invention can sometimes be daunting, the 
willingness and capacity to harness automation and artificial 
intelligence to improve drug manufacturing is becoming a 

differentiator in the industry. Those who embrace, integrate, and perfect 
these new approaches stand to make significant gains over all rivals. 
Costs associated with a product recall in terms of human suffering, 
lowering brand status, and direct financial loss make new solutions 
highly attractive additions.

Yet adding layers to an already complex set of manufacturing proce-
dures 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 con-
sidered, 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 manufacturing 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 Pharmaceutical Technology, Pharmaceutical 
Technology Europe, and BioPharm International 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. Initially this rests on existing staff, or maybe those in combi-
nation 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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I  have the privilege to step into the shoes of an industry powerhouse. For 
a decade, Rita Peters kept a steady and assured gaze on the pharma-
ceutical industry. She informed, she educated, but above all Rita main-

tained 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 mentor 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-intrave-
nous) antiviral 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 typically 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.

 Media outlets such as Pharmaceutical Technology, Pharmaceutical Tech-
nology Europe, and BioPharm International are not mere impartial observ-
ers. 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. PT

Chris Spivey is  
editorial director of  

Pharmaceutical Technology. 

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

from the editor

Send your thoughts and story ideas to:  
cspivey@mjhlifesciences.com.
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processing by exposing product to four successive stages of 
increasing shear.
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protective membranes to allow flow to begin. This process is intended 
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maneuvering the tube welder into position, equipment maintenance, 
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STERIS Life Sciences’ Vesta-
Syde SQ 64 st Ready-to-Use 
Disinfectant Wipes are used 
to disinfect cleanroom sur-
faces. The wipes are part 
of a family of disinfectant 
products including concen-
trated and ready-to-use for-
mats with the same quaternary ammonium active ingredient.

This product uses a system that combines cleanroom-quality 
wipes packaged with a separate internal pouch containing the 
quaternary ammonium active ingredient. The internal pouch allows 
for maximum chemical stability while still offering a method to sat-
urate the wipes. By rolling the package of wipes, the internal pouch 
of liquid opens and quickly saturates the wipes. The wipes are 
low linting with a knitted polyester construction and ultrasonically 
sealed edges.

Each package of wipes is double-bagged and gamma irradiated to 
facilitate introduction into cleanroom areas. Every lot is USP sterility 
tested with complete lot traceability to meet quality assurance and 
quality control needs.

STERIS Life Sciences 
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Contamination Monitoring 
Instruments
Particle Measuring Systems Pro Series provides a portfolio of con-
tamination monitoring instruments. The products include portable 
and remote instruments for viable and non-viable airborne particle 
counting and environmental monitoring and data management 
software.

A facility monitoring system communicates with cleanroom 
sensors and with central software. FacilityPro processors are com-
patible with the FacilityPro Smart server module or with supervisory 
control and data acquisition systems.

The series is compliant with current good manufacturing prac-
tices and was designed with anticipated regulatory requirements in 
mind. This design is intended to keep the system compliant for as 
long as possible, eliminating the need to order new equipment as 
regulations change.

Particle Instruments 
www.particleinstruments.com
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FDA Moves to Advance 
Innovative Excipients

I n an important step for mod-
ernizing drug formulation and 
biopharmaceutical development, 

FDA is launching a program to test 
the safety and suitability of novel 
excipients for use in new drugs and 
biologics. 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 encour-
age 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 ap-
plication process in a Federal Register 
notice (2). The notice explains that 
the pilot is open to novel excipients 
that have not been used previously 
in food or in FDA-approved prod-
ucts. Excipient manufacturers seek-
ing to participate in the pilot should 
submit information on the novel 
inactive ingredient and its potential 
for enhancing health by offering 
pharmacokinetic characteristics im-
portant to developing new drugs, as 
described in an outline for an initial 
proposal (3). The sponsor also must 

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

FDA defines a novel excipient as an 
inactive ingredient that is not fully 
supported by existing safety data re-
lated to a proposed level of exposure, 
duration of exposure, or route of ad-
ministration. Manufacturers should 
describe how the product addresses 
a public health need and advances 
drug development, such as by increas-
ing solubility for an oral formulation 
taken chronical ly. Sponsors a lso, 
should describe available quality and 
toxicology information that support 
the product’s safety, such as pharma-
cokinetic/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, planning for two 
during the first year. Selected partic-
ipants then should provide a full data 
package of toxicology and chemistry, 
manufacturing, and controls (CMC) 
quality data, as required for excipi-
ents. If the excipient passes muster, 
FDA will determine that it may be 
used in the formulation for an exper-
imental drug undergoing clinical tri-
als, provided that the sponsor demon-
strates that it is safe to use in that 
therapy. After FDA approves a new 
drug or biologic utilizing the new 
excipient, that excipient 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 bio-
logics, 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 com-
plicate FDA review and approval of an 
investigational new drug (IND) for an 
experimental 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 excipients. Bio-

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.

Jill Wechsler

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.

Jill Wechsler  
is Pharmaceutical 
Technology’s  
Washington editor, 
jillwechsler7@gmail.com.



Pharmaceutical Technology OCTOBER 2021    15

Regulatory Watch

pharma companies have expressed 
support for the pilot as a way to ad-
dress these development challenges, 
such as the need for new ways to stabi-
lize proteins for bioavalability in new 
formulations. Excipient makers sim-
ilarly acknowledge that they would 
be more willing to invest in produc-
tion, controls, and characterization of 
novel excipients if it’s possible to gain 
FDA review of the product’s benefits 
outside of clinical testing for a new 
molecular entity. 

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

It appears f it t ing that FDA is 
launching this novel excipients pilot 
program as the International Phar-
maceutical Excipients Council, IP-
EC-Americas, marks its 30th anni-

versary. IPEC held its first meeting 
in March 1991, with the aim of har-
monizing excipient standards set by 
different pharmacopeias and to ad-
dress worldwide issues important to 
excipient use. Manufacturers of these 
essential ingredients in pharmaceu-
tical formulations note that many 
well-known excipients that have been 
used for decades are not suited to the 
novel dosage forms and parenterals 
under development today (6). Indus-

try also would like to see an update 
of FDA’s 2005 guidance on excipient 
safety testing, mentioned previously. 
These initiatives, as well as ongoing 
efforts to set international standards 
for excipient use, have potential to en-
hance drug formulation and support 
modern manufacturing and quality 
control efforts.  
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Automating  
Aseptic Manufacturing
Jennifer Markarian

Conventional and robotic automation  
inside closed systems reduces risk. 

Regulatory authorities have expressed 
support for automation technologies as a 
means to limit aseptic interventions, notes 
Laura Moody, North American product 
manager at machine builder Syntegon 
Pharma Technology, pointing to as far 
back as FDA’s 2004 aseptic processing 
guidance (2) and to recent conferences. 

“Even as recently as the 2021 International 
Society for Pharmaceutical Engineering 
Aseptic Conference, the reduction in risk 
to the drug product through the use of au-
tomation and robotics was reiterated by 
FDA representatives,” says Moody. She 
says that acceptance by regulatory author-
ities and pharmaceutical manufacturers is 
helping drive innovations in robotics.

Operating multiple-product filling 
lines in accordance with the European 
Union’s draft Annex 1 (3) can be achieved 
with various technologies. One method 
is to use restricted access barrier systems 
(RABS) with fully automated, hydrogen 
peroxide decontamination of the entire 
cleanroom prior to each batch, says Arno 
Schroff, director of site and plant develop-
ment at contract development and manu-
facturing organization, Vetter. Closed iso-

A n ongoing engineering challenge 
for aseptic drug manufacturing 
is to reduce the risk of contam-

ination as much as possible. As it is 
well known that human operators are 
the biggest source of contamination in 
a cleanroom, a growing consensus is 
that automated systems that eliminate 
human intervention are the future of 
aseptic processing. Pharmaceutical in-
dustry experts point to the successful 
use of both conventional and robotic 
automation in other industries, such 
as semiconductor manufacturing and 
aseptic food processing, as well as in 
pharmaceutical packaging and ware-
housing, as a sign that the pharma in-
dustry should overcome its reluctance to 
change. This shift has begun in fill/fin-
ish processes and is moving further up-
stream into other aseptic manufacturing 
steps. Robotic technology, in particular, 
is finding use in drug compounding (1) 
and in closed, gloveless isolators. 

Advances in robotics
While conventional automation is suited 
for larger volume operations with simple 
motion and few changes, robotic automa-
tion technology designed for cleanrooms 
offers the ability to perform different types 
of operations and handle multiple formats, 
such as vials and syringes. Robots, which 
can perform the repetitive tasks otherwise 
handled by human operators, enable the 
move to closed systems that can operate 
without human intervention. 

“Over the past 30 years, the equip-
ment evolution has been from open and 
manual, [to] isolated and manual, then  
isolated and automated, and [now] closed 
and automated. In the next 5–10 years, 
more robotic solutions will come into 
the pharma production world through-
out all segments, driven by new regula-
tions, more personalized medicine, and 
more flexible machines,” predicts Rudolf 
Michael Weiss, global head of pharma  
robotics at Stäubli Robotics.
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lators are another increasingly important 
solution. “Our long-term vision is shift-
ing from a human-centered production 
towards a fully automatic process with 
robotic equipment to further reduce pos-
sible risk to the product,” he notes. 

“The biggest news from the past year 
is that FDA and Health Canada have ap-
proved commercial products made using 
gloveless robotic isolators. Several of our 
customers have achieved this milestone,” 
says John Harmer, head of sales and mar-
keting, aseptic filling, at Cytiva, which ac-
quired Vanrx, a manufacturer of robotic 
aseptic filling machines, in February 2021. 

“The industry has moved beyond ‘Will 
they work?’ to ‘Where else can we use 
them?’. Our prediction is that robotics will 
play an increasing role in manufacturing 
personalized medicines including mRNA, 
peptides, bacteriophages, CRISPR-Cas9, 
and other genomic therapies.” 

Reducing contamination
Compared to conventional RABS or 
isolator-based filling systems, gloveless 
robotic isolators eliminate human inter-
vention. “The sources of interventions 
have to be designed out and built around 
the capabilities of robotics,” says Harmer. 

“Because these systems are standardized, 
they can cut a year off the typical pro-
cess of building filling capacity. Robotics 
handle vials, syringes, and cartridges 
the same way within presterilized tubs, 
so flexibility is built in for the small-vol-
ume, high-value drugs that currently fill 
biopharmaceutical pipelines.”

Syntegon’s new robotic fill/finish sys-
tem, the Versynta FFP [Flexible Filling 
Platform], was introduced in mid-2021 
and is designed for small batches of up 
to 3600 containers (vials, syringes, or 
cartridges) per hour. The company’s 
microBatch system, currently in devel-
opment with Vetter, is an automated 
production cell with a gloveless isola-
tor designed for even smaller batches 
of 120–500 containers per hour, says 
Moody. She notes that this system is 
currently in the detailed design phase 
and is expected to be launched in 2022. 

Both solutions use robotics; while 
Versynta FFP uses a four-axis robot, de-
veloped by Syntegon, to transfer contain-

ers from one station to the next without 
glass-to-glass contact, Versynta micro-
Batch is a fully automated production 
cell. It is designed for flexibility in the 
types of containers and closures that can 
be processed. “It allows for the container 
and closure of a drug product to be dic-
tated by the needs of the drug and usage 
of the patient, not the limitations of the 
fill/finish machine,” comments Moody. 

The gloveless isolator also eliminates 
the need for glove testing and glove 
management; features integrating air 
management, so that the isolator does 
not need a technical ceiling or interfaces 
to the building; and the design is stan-
dardized to allow quick delivery and 
validation, notes Moody. 

Schroff adds that an automated de-bag-
ging system for presterilized packaging 
components eliminates human interven-
tion to prevent contamination of materials 
entering the isolator. Automated line set-up, 
monitoring, and fill-weigh checks for pro-
cess control are other benefits, he notes. 

The flexibility and rapid changeover 
required for fill/finish of small-batch 
parenteral drug products is better met by 
robotics than by traditional automation, 
agrees Joe Hoff, CEO of robotics manu-
facturer AST. Efficient cleaning, reliable 
sterilization, and high overall equip-
ment effectiveness are other drivers for 
growth in demand of these systems, he 
adds. “The biggest challenges engineers 
face when designing isolated fill lines are 
fitting the design into a small, enclosed 
space; achieving good operator ergonom-
ics; and ensuring all systems and penetra-
tions are leak-tight and properly designed 
for cleanability and [hydrogen peroxide] 
sterilization,” says Hoff.

Although some may still hold the mis-
conception that robotics can’t be used 
in cleanrooms because moving parts 
may generate non-viable particulates, 
this concern has already been resolved, 
suppliers say. Robotic suppliers point out 
that robots for pharmaceutical clean-
rooms have a hygienic design for low 
particulate generation and resistance to 
standard cleaning chemicals. They can 
also be designed to be resistant to hy-
drogen peroxide so they can withstand 
frequent decontamination. 

Another aspect of design is planning for 
changing parts and performing mainte-
nance. Xavier Gómez Garcia, lyophiliza-
tion portfolio manager at pharma equip-
ment and engineering supplier Telstar, 
points out that haptic interfaces allow users 
to remotely manipulate a robot. “Some of 
these devices allow the user to also feel 
the weight of the real object, even with-
out physically touching it. The precision 
is extremely high. [Systems could have a] 
built-in feature to change format parts and 
do basic maintenance through telematic 
[remotely operated] haptic devices, without 
the need of glove ports or operators near 
the process zone,” suggests Garcia. 

Software for improving robotic mo-
tion continues to be improved. “The 
robot is embedded into the [informa-
tion technology (IT)] structure of the 
machine, and new software features like 
tele-manipulation, remote joystick fault 
intervention, and [motion controls such 
as] anti-sloshing movements, for exam-
ple, need to be developed,” says Weiss. He 
notes that Stäubli is currently developing 
specific pharma software features suited 
to robotics inside isolators.

Increasing predictability
In addition to lowering the risk of con-
tamination, robots increase predictabil-
ity. Compared to robots, humans can 
have difficulty being consistent with 
repetitive tasks requiring precision and 
accuracy, suggests Toni Manzano, co-
founder and CSO of Aizon, a pharma/
biopharma software as a service provider 
and co-chair of the Parenteral Drug As-
sociation’s first Robotics and Automation 
conference held in April 2021. 

While people need to be trained and 
periodically retrained—and it can be chal-
lenging to duplicate a process in multiple 
locations—robots are trained once and 
have the same precision no matter what 
the time, day, or location, adds Martin 
Düblin, managing director of consultancy 
One One Eleven GmbH and co-chair of 
the PDA conference with Manzano. High 
levels of standardization across multiple fa-
cilities simplifies operation and inspection.

Another benefit of robotics is easier 
qualification, says Alex Armengol, in-
ternational senior sales director for SP 
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i-Dositecno fill-finish products and SP 
Industries’ global leadership team mem-
ber. He explains that a performance qual-
ification protocol tests whether the aseptic 
manufacturing procedures are adequate 
to prevent contamination during actual 
drug production—via process simula-
tions or media fills using a sterile micro-
biological growth medium—and repli-
cate organism detection and counting 
(RODAC) surface-contact testing. Robots 
will require less RODAC testing because of 
their controlled movement. “The behavior 
and movement of personnel is difficult to 
control. Everyone behaves differently and 
often randomly,” explains Armengol. “The 
methodical and controlled movement of 
robots within the aseptic processing area 
are key to providing a predictable quality 
environment. [In addition,] one robot can 
typically cover many critical areas within 
the aseptic processing space.” 

PAT and AI  
in pharmaceutical automation
IT systems are increasingly intertwined 
with operational technology systems in 
modern manufacturing systems; control 
signals are sent to the machine, and the 
machine sends data to higher-level sys-
tems, such as supervisory control and 
data acquisition systems. In addition to 
machine data, data from process ana-
lytical technology (PAT) tools, used in 
automated systems, can improve quality 
and efficiency. In-process control (IPC) 
check-weighing in an automated filling 
system is one example, notes Armengol. 
Conventionally, check-weighing was a 
destructive test, but using the PAT tool 
of IPC, each container is weighed and no 
product is lost. “In this method, [empty] 
containers are placed on an in-process bal-
ance or load system, and the exact amount 
of product is dispensed and checked 
against the specification. Over a period of 
time, if the controller senses any changes 
to the fill weight, the system will adjust the 
pump appropriately,” he explains. Addi-
tionally, artificial intelligence (AI) algo-
rithms can use data to predict machine 
behavior and potential failure points, adds 
Armengol. AI can identify process devia-
tions, and decisions can be made in real 
time to reject or accept products. 

These data can also be used by process 
experts. For example, Harmer says, “If 
the filling system contributes to a con-
sistent stream of data about a customer’s 
manufacturing process, we have better 
evidence to optimize processes or im-
prove drug product quality.” 

Today’s machines are highly integrated 
into IT systems for sharing data such as 
batch records or for allowing remote 
viewing of machine performance or re-
mote maintenance, but machines in the 
future will advance into intelligent feed-
back and even predictive maintenance, 
suggests Hoff. 

Using AI in “smart” systems, set up to 
make decisions based on input from the 
process and algorithms derived from pro-
cess knowledge, will increasingly play a role 
in automation systems. 

“Smart systems, understood as the inter-
action between machines and AI, are able 
to repeat tasks consistently and, if they are 
well trained, make the right decisions in a 
systematic way,” explains Manzano. 

A concern about how regulatory au-
thorities will accept critical decisions 
being made by automated systems rather 
than human operators is creating hesi-
tancy in pharma manufacturing. Other 
regulated industries, as diverse as banking 
and food manufacturing, have adopted 
fully automated mechanisms managed 
by AI, notes Manzano. One example of 
AI being adopted in pharma manufac-
turing is smart systems for feeding raw 
materials. He says that questions such as: 

“How do I proceed if a lot of raw material 
is finished in the middle of the mixing 
operation? Can I add a lot of the same 
substance from another supplier?” are 
examples of unusual situation that can 
be properly managed by AI connected to 
an automated system. 

Handling of these types of questions 
would need to be validated, adds Düblin, 
who notes that a lack of experience by 
regulatory authorities is currently a 
limitation. Internal company inspec-
tors also need to gain experience and 
confidence in smart systems. 

Another area that has been tested 
and found to be successful is automated 
inspection of pharmaceutical finished 
products, managed by AI. 

“AI has demonstrated a high value 
and a consistent response in complex 
tasks, including defect identification, de-
viation detection, multivariable control, 
and chained actions based on different 
scenarios, for example,” says Manzano. 
Good data that are digital and not man-
aged in silos, but rather collected via the 
Internet of Things and managed via 
cloud technologies, are crucial for accu-
rate AI results, he cautions. 

“The way forward is to consider the 
whole process; digitalization yields the 
data needed to train robots or automated 
systems,” agrees Düblin. 

Training
Control systems for robotics are complex 
systems, and training is crucial for oper-
ating and maintaining these systems. “Au-
tomation and control are key to success-
ful implementation of robotics, including 
the understanding of the mechanics and 
electronics involved in making the ro-
bots function as intended,” says Armen-
gol. “Key to the training is the interface 
between the machine and the operator, 
known as the human machine interface 
or graphical user interface.” 

Armengol suggests that hands-on 
training is critical for these systems. 
SP i-Dositecno is currently installing a 
modular robotic filling line and isola-
tion system at the National Institute for 
Bioprocessing Research and Training 
(NIBRT) in Dublin, Ireland, which will 
be used in NIBRT’s aseptic biopharma-
ceutical fill/finish training. 

Harmer points out that for automated 
systems, operators do not need to be 
trained in aseptic technique, as they do 
in conventional systems. Instead, train-
ing focuses on the workcell’s integration 
of robotics and the closed isolator. “In 
Cytiva’s training, users learn how the 
aseptic process automation works, how 
to create recipe-driven processes for 
specific drug products, and how the ma-
chine controls risk at each stage of the 
aseptic filling process,” he explains.

Barriers to automation 
Despite the benefits of automation and 
the inevitable use of automation in fa-
cilities of the future, there are multiple 
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barriers to upgrading existing facilities with new, automated 
lines, including the need to revalidate and the initial investment 
cost. Armengol notes that for small- and some medium-size 
companies, this cost barrier may be difficult to overcome. 

Although industries such as semiconductors had a strong 
business case to automate because of their narrow profit mar-
gins, biopharma, with its higher profit margins, has less in-
centive to change, suggests Manzano. On the other hand, says 
Düblin, recalls and batch losses are costly, so a business case for 
automation can be made. 

“Roadblocks to modernizing a fill/finish cleanroom are 
regulatory, cost, capacity, and time,” agrees Hoff. “Unless a 
facility has an unused or available fill suite they can expand 
into while maintaining their existing fill suite, it is unlikely 
they have the time or capacity to shut down a validated and 
qualified process to modernize.” 

In addition, the design of existing facilities and equipment may 
not be conducive to automation. “Retrofitting within an existing 
machine is usually difficult due to the lack of space and freedom of 
movement for the robot,” notes Moody. One option is to automate 
the secondary processes, such as the supply of packaging materials, 
around the existing machine, she suggests. 

Autonomous mobile robots and automatic guided vehicles for 
transporting materials are an example of automation that can be 
applied to existing processes, agrees Weiss.

Another challenge is the reluctance to replace humans with 
robots. The lockdown restrictions of the COVID-19 pandemic 
that created worker shortages have made the consistent avail-
ability of robots more appealing, but the concept of this change 
in work still creates hesitancy. Although it is true that imple-
menting automation will eliminate certain types of jobs, it will 
create some others that need different skills, says Düblin. Not 
wanting to change operators’ jobs shouldn’t override the benefits 
brought by digitalization and automation. “It is the responsibil-
ity of enterprises to adapt,” he asserts. 

Ongoing implementation ahead
Despite some barriers to use, the advantages of and continued 
improvement in robotic automation will drive continued imple-
mentation in aseptic processing, experts agree. 

“To date, the strength of robots is primarily in performing 
repetitive tasks, and [robots] have so far been less suitable for 
constantly changing ones. But a lot is happening in this area 
right now,” says Moody. “The limits will continue to shift due 
to new technologies such as AI and reduced costs for robotic 
solutions. Going forward, we will be able to equip all areas 
needed for the operation of a filling machine with robotics. 
Examples of future robot applications include upgrading the 
filling path or inserting and changing sediment plates for mi-
crobiological monitoring.”

“Robots will become mainstream [in pharma manufactur-
ing] within the next few years because of enhanced flexibility, 
repeatability, and precision,” adds Armengol. 

Garcia suggests that the pending publication of Annex I is 
driving demand for plant retrofits. “New regulations are clearly 

accelerating the change in the pharmaceutical industry, encour-
aging both drug companies and equipment manufacturers to 
embrace new technologies that can minimize the risk of con-
tamination for the final product. Annex I is pushing the indus-
try towards automatization, [particularly] in critical processing 
zones, including all the operations in primary packaging, filling, 
and capping, [which generally have] freeze dryers in between,” 
says Garcia. He notes that new, automated loading and unload-
ing modules for freeze dryers and autonomous filling and cap-
ping stations that incorporate PAT tools are being used. 

“In the past 25 years, primary packaging lines have evolved 
from dozens of manual operations, typically through glove 
ports, to fully automated lines. Until now, automation has 
been quite rigid to fulfill high production volumes in central-
ized manufacturing plants,” notes Garcia. The growing need 
for sterile manufacturing of smaller batches, however, is driving 
growth of more flexible robotic automation. “In my opinion, 
companies with centralized factories will work together with 
new and flexible plants where [good manufacturing practices] 
robots will play a crucial role. Local manufacturing hubs with 
an agile supply chain will be a vital asset,” he predicts.
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able use of resources is top of mind for 
everyone in the industry,” he adds.

More specifically, Martin notes that 
both increasing yields and increasing 
throughput by definition result in a re-
duced environmental footprint. In ad-
dition to these types of efforts, improve-
ments are also being made with respect 
to sources of energy, with drug manufac-
turers pushing utilities to produce more 
renewable energy, he continues. “As we 
see it, being more sustainable and pursu-
ing continuous improvement are not two 
separate issues,” he concludes.

Many technologies for ensuring 
cleaner energy consumption, abating 
emissions, and improving waste man-
agement have already been developed 
and, thus, are easier to implement and 
have more acceptable payback periods, 
adds Brian Peutherer, health, safety, and 
environment director at Sterling Pharma 
Solutions. “For contract development and 
manufacturing organizations (CDMOs), 
these solutions are the easiest way to 
make a significant impact on the sus-
tainability of products without actually 
impacting API design,” he notes.

Sterling, for instance, has invested in a 
bio plant to treat wastewater, an anaerobic 
digestion plant to generate energy from 
waste, and a combined heat and power 
plant that generates approximately 98% 
of the energy used at its headquarters in 
Northumberland, United Kingdom.

Green chemistry and beyond
The concepts of green chemistry and 
sustainability, according to Jeff Song, vice 
president of chemical development in the 
United States for Boehringer Ingelheim 
(BI) Pharmaceuticals, have been broadly 
accepted in the pharma industry for the 
past 15 years. At BI, he says, these con-
cepts are incorporated into daily work, 
leading to the routine development of 
greener API processes for all projects 
through innovative chemical research as 
well as new technologies. 

To achieve true sustainability, though, 
Song emphasizes that other approaches 
than green chemistry principles should 
be considered, such as developing an 
effective waste management protocol at 
the end of the process. “Some modifica-

I n the latest Intergovernmental Panel 
on Climate Change report issued in 
August 2021, the organization stressed 

that while some impacts of climate change 
cannot be reversed, such as continued sea 
level rise, “strong and sustained reductions 
in emissions of carbon dioxide (CO2) and 
other greenhouse gases (GHGs) would 
limit climate change” going forward (1).

The pharmaceutical industry, like other 
manufacturing sectors, contributes to CO2 
and GHG emissions and is aware of the 
need to increase the sustainability of its 
operations. The IQ Consortium’s Green 
Chemistry Working Group first met with 
FDA in 2012 to identify opportunities for 
promoting green chemistry (2). 

The IQ Green Chemistry Working 
Group also adopted the Green Aspira-
tional Level (GAL)—originally devel-

oped by Boerhinger Ingelheim (3,4)—as 
a standardized green efficiency goal for 
API manufacturing processes that factors 
in the complexity of the synthetic route; 
the consortium also developed a Green 
Scorecard to show the value-added im-
pact of green chemistry and other im-
provements, including process simplifi-
cation (5). Individual manufacturers are 
tackling the issue in many different ways.

Beyond continuous improvement
Small-molecule API manufacturing, ac-
cording to Scott Martin, general man-
ager of W. R. Grace & Co.’s Fine Chem-
ical Manufacturing Services (FCMS), 
is driven by continuous improvement. 

“Most companies have pursued contin-
uous improvement programs for many 
years, and many like Grace FCMS have 
embedded sustainability into those pro-
grams,” he says. “The expectation of sus-
tainable manufacturing and the sustain-

Drug makers go beyond continuous 
improvement and green chemistry to increase 
the sustainability of API manufacturing.

Pharma Builds a 
Foundation for Greener  
API Manufacturing
Cynthia A. Challener

Cynthia A. Challener, PhD  
is a contributing editor to  
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tions should be also made to the supply 
chain by replacing existing methods with 
greener chemicals and materials and 
by reducing chemical steps to convert 
commodity chemicals into value-added 
building blocks for API synthesis. While 
efforts have already begun within the 
industry to track the greenness of chem-
ical processes at building-block suppliers, 
more work is needed,” he observes.

BI, adds Frederic Buono, the compa-
ny’s senior associate director of chemical 
development in the US, looks to design 
the most direct synthetic approach with 
the least number of chemical steps using 
commodity chemicals as early as possible 
in the API development cycle. The com-
modity chemicals should have minimal 
cost, short methods of preparation, and 
wide availability. There is also a focus on 
process optimization to reduce waste 
generation and energy consumption by 
minimizing reaction concentration and 
avoiding extreme reactions condition 
(e.g., cryogenic temperatures).

As a member of the American Chem-
ical Society Green Chemistry Institute 
Pharmaceutical Roundtable, BI re-
searchers have also helped to develop 
tools to measure process performance 
with respect to sustainability and green-
ness, including the innovation Green 
Aspiration Level (iGAL) (6). 

Looking to synthetic biology
The petrochemical industry is vital to 
the pharmaceutical industry today as a 
supplier of key raw materials used for 
the production of most synthetic-chem-
istry-based pharmaceuticals. It also, 
however, accounts for a large percent-
age of the world’s energy consumption. 
According to Jing-Ke Weng, cofounder 
of Double Rainbow Biosciences, a pro-
fessor of biology at the Massachusetts 
Institute of Technology, and a mem-
ber of the Whitehead Institute, cur-
rent small-molecule intermediate/API 
manufacturing almost entirely relies on 
unsustainable precursors.

“The growing need to quickly move 
away from fossil fuel amid the threat 
of climate change creates urgent de-
mand for novel sustainable approaches 
to replace the current supply chain for 

small-molecule drug production. Other 
than sporadic uses of biocatalysts in 
specific steps of some pharmaceutical 
syntheses, truly sustainably produced 
synthetic small-molecule pharmaceuti-
cals are very rare,” Weng asserts. 

Synthetic biology that integrates met-
abolic engineering of various biological 
hosts (e.g., bacteria, fungi, and plant cells) 
and enzyme engineering, Weng believes, 
will be a major solution that will lead to 
the next green revolution in the way fu-
ture small-molecule pharmaceuticals 
will be produced. “Several proof-of-prin-
ciple studies have shown the feasibility 
of employing biochemistry instead of 
synthetic chemistry to produce complex 
drug-like molecules sustainably; how-
ever, we are still far from widely adopt-
ing this new approach as a new industry 
standard,” he comments.

The first step, Weng predicts, will be 
the gradual replacement of synthetic 
chemistry production processes for 
small-molecule intermediates/APIs with 
enzyme-catalyzed reactions, which he 
notes are usually efficient, highly selec-
tive, and occur under mild conditions.

Begin at the beginning
To contribute to the reduction of CO2 
and GHG emissions, all drug developers 
and manufacturers need to seriously con-
sider measures to improve sustainability 

throughout each phase of their industrial 
processes, according to Weng. “The phar-
maceutical industry is due for a major 
overhaul in all aspects of its unit opera-
tions. Essentially, the pharmaceutical in-
dustry should be evaluating sustainable 
alternatives for all current exercises that 
rely on fossil fuel inputs,” he sates.

“The optimal time to consider sus-
tainability is before the construction of 
a manufacturing plant, and at the design 
phase of the synthetic route, as these are 
the stages at which the most efficient 
technologies and techniques can be in-
corporated,” Peutherer asserts. “Con-
sidering sustainability from the outset 
allows the opportunity to integrate sus-
tainability into every stage of a molecule’s 
lifecycle,” he continues.

Buono agrees that sustainability 
should be considered throughout the 
API R&D process starting from medic-
inal chemistry all the way to commer-
cialization, but with different emphasis 
for each. “In our opinion, one should 
strive to implement new synthetic routes 
(hence those with a much higher level of 
sustainability) starting with the first clin-
ical batch or shortly thereafter to achieve 
a balance between the overall speed, sus-
tainability, and attrition rate.”

From the point of view of CDMOs, 
the greater focus on sustainability in 
the pharmaceutical industry requires 
greater collaboration with customers at 
an earlier stage of project planning and 
development to incorporate sustain-
able manufacturing techniques into 
the API process design, according to 
Peutherer. “Relationships with supply 
chains are critical when considering 
the impact of manufacturing on the 
environment to ensure expectations 
are clear, and standards are main-
tained throughout the supply chain 
process. This safeguards against com-
panies passing on their environmental 
burden to others,” he says.

The best time to consider optimal, 
sustainable production solutions is 
during the design of the synthetic 
route to an intermediate/API, notes 
Martin, because once these processes 
are validated, it is very challenging to 
introduce any changes, even if they 

Development

The pharmaceutical 
industry, like other 
manufacturing 
sectors, contributes 
to CO

2 and GHG 
emissions and is 
aware of the need 
to increase the 
sustainability of its 
operations.



PHARMACEUTICAL DEVELOPMENT & MANUFACTURING IS SCIENCE. 
ORCHESTRATING SUCCESSFUL LAUNCHES IS ART. 

us + 1 888 SOLUTION (765-8846)   EUR  00800 8855 6178   catalent.com   ˝ 2021 Catalent, Inc. All rights reserved. 

Successful product launches are built on the rigorous science of pharmaceutical development and manufacturing 
technologies, and the art of orchestrating hundreds of complicated steps to develop a successful treatment, from 
planning to scale-up. 

Catalent’s unrivaled experience, across modalities, helps deliver more than 150 global product launches for our 
partners every year. Let our comprehensive development solutions and expansive manufacturing capabilities, from 
complex biologics and vaccines to high volume oral doses, transform your product blueprint into a successful 
treatment for patients.

WHERE SCIENCE 
MEETS ART. 

development | dose design | cmc | tech transfers | scale-up | clinical & commercial supply

PT.indd   1 9/22/21   9:55 AM

https://www.catalent.com/


26    Pharmaceutical Technology OCTOBER 2021  PharmTech .com

Development

offer significant improvements in pro-
ductivity and sustainability. 

In addition to identifying transfor-
mations that require minimal energy 
inputs, Martin also remarks that it is 
beneficial to choose solvents and other 
reagents that if not consumed in the 
process can be recycled or at least re-
used or repurposed in some way.

Companies should become more 
comfortable with using non-virgin, 
reclaimed solvents, Peutherer agrees. 

“Solvents often make up the bulk of 
materials used in API manufacturing 
and reducing their use can play a huge 
part in lowering a process’s costs, car-
bon footprint, and waste management 
requirements,” he observes. It is also 
important to consider other alternative 
raw materials used in production that 
have a lower environmental impact. 

Intensify operations
There are many opportunities to im-
prove operations no matter what type 
of chemistry or chemical products 
are involved, according to Martin. 
He points to crystallization as one 
area that could use some attention. 

“Many small-molecule intermediates 
and APIs are solids and automatically 
purified via crystallization, which re-
quires the use of solvents and often low 
temperatures. Under certain circum-
stances, distillation can be a more ef-
fective approach,” he explains.

There are, in fact, many opportuni-
ties to increase process greenness and 
sustainability by intensifying unit op-
erations, Buono observes. For example, 
solvent volumes can be limited using 
a continuous extraction process, and 
aqueous/organic separation during 
work-up can be maximized using 
some separative commercial mem-
brane units.

Keep things flowing
Flow chemistry is one of the technol-
ogies being employed to some extent 
in API manufacturing to increase sus-
tainability, because, according to Song, 
the principles of green chemistry and 
green engineering are both leveraged 
in this manufacturing approach.

 The versatility of the batch reactor 
has, until recently, meant any gains 
from continuous processing were pre-
viously unjustifiable, notes Peutherer. 

“With improving technology and tech-
niques, however,” he notes, “continuous 
processing, especially in tandem with 
process intensification, can majorly im-
pact on the inherent safety of a process 
and lower utility demands, as well as 
improving process specificity and re-
ducing waste.”

Continuous f low technology, says 
Buono, can enhance heat and mass 
transfer by shortening process times 
with precise residence time control, 
which can lead to increased safety and 
reproducibility and thus afford product 
quality, all combined with easy scalabil-
ity. “For these reasons, flow chemistry 
may offer a more sustainable technology 
for chemical synthesis compared to tra-
ditional batch chemistry,” he says.

In one example, BI developed a con-
vergent, robust, and concise synthetic 
route which reduced the overall com-
plexity (by eliminating a deprotection 
step) for an API that leverages a contin-
uous flow-based Curtius rearrangement 
(the thermal decomposition of an acyl 
azide to an isocyanate with loss of nitro-
gen gas) (7). The overall process is 160% 
greener than the industrial average and 
58% more efficient than the original 
batch process, according to Buono.

It is important to remember, though, 
notes Martin, that f low chemistry, 
while useful in some cases, is not ap-
plicable to all. Drugs produced in only 
small volumes, such as orphan cancer 
drugs, will likely not benefit from a 
continuous process because only lim-
ited quantities are required. In addi-
tion to lengthening development time-
lines for drugs where speed to market 
is essential, the upfront investment in 
the design of processes and equipment 
may not be easily recovered. 

Role for digital technology
Digital technologies will play a crucial 
role in enabling greater sustainability 
of small-molecule API development 
and manufacturing. “We need to 
embrace digital technology to revo-
lutionize the drug discovery process, 
and to adopt artificial intelligence and 
machine learning into our processes,” 
Song asserts. Doing so, he adds, is 
in concordance with Chemistry 4.0, 
which calls for the implementation of 
more digitalization and lab automation. 

“To achieve these goals, collaboration 
across the industry is crucial,” says Song. 

“Pulling together expertise and insights 
from chemists, process engineers, the-
oretical chemists, IT specialists, and 
computer scientists will allow us to 
efficiently develop the digitalization 
solutions of the future for application 
to process development,” he concludes.

Regulatory cooperation needed
Ideally improvement of the sustain-
ability of all drug manufacturing pro-
cesses should be achieved; however, the 
pharma industry needs to establish a 
mechanism for addressing the short-
comings of older, existing processes for 
previously approved drugs. 

“Altering existing processes is always 
challenging, but the urgency of avail-
able climate projections suggests the 
effort will be well worth it in the long 
run,” asserts Weng. “The near-term 
investment in sustainable solutions 
will push the industry towards more 
efficient API production processes 
while leaving a greatly reduced carbon 
footprint,” he adds.

The pharma 
industry needs 
to establish a 
mechanism for 
addressing the 
shortcomings of 
older, existing 
processes for 
previously 
approved drugs. 
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In addition, Weng suggests that given 
the threat of global climate change, a fail-
ure to proactively embrace sustainable 
solutions may result in environmental 
regulatory agencies mandating sustain-
ability targets for pharmaceutical man-
ufacturers and other chemical industries.

Currently, it is extremely time-con-
suming and cost ly to implement 
changes due to the complex regulatory 
process that is involved. One possible 
solution, notes Martin, is to offer sim-
pler regulatory pathways for certain 
types of changes related to sustainabil-
ity improvements that do not affect the 
intermediate or API itself.

In cases where alterations to pro-
cesses are a challenge, Peutherer says the 
best way to achieve a more sustainable 
outcome is through gains in ancillary 
aspects: cleaner energy generation, im-
proved waste treatment options, pol-
lution incident prevention, and carbon 
offsetting. This lowers the overall carbon 
footprint of the manufacturing.

Weng believes, though, that as sus-
tainable means of small-molecule phar-
maceutical development are expanded 
and tested to validate their performance 
against conventional synthetic chemis-
try-based approaches, industry peers and 
regulatory bodies must work together to 
embrace these solutions. 

Always moving forward
All drug manufacturers are faced with 
these challenges. Contract manufactur-
ers such as Grace FCMS work with cus-
tomers to push the adoption of more sus-
tainable solutions as part of continuous 
improvement efforts. “It is a combined 
effort that includes increasing yields, 
using more sustainable raw materials, 
and more environmentally friendly pack-
aging equipment to recycling and reuse of 
solvents and shipping containers, all with 
the goal of reducing the environmental 
footprint of small-molecule intermediate 
and API manufacturing,” Martin states.

“Sustainability,” Martin continues, “is 
now at the forefront. Most public compa-
nies have sustainability targets and hold 
regular discussions with suppliers re-
garding their sustainability expectations. 
Grace FCMS is therefore continually 

looking at ways to help customers reach 
their sustainability goals while ensuring 
continued supply of high-quality API 
product on time and in full.”

New changes will continue to be made 
and observed due to the enhanced aware-
ness and continued innovation, agrees 
Song. “The power of machine learning 
and digitalization will quickly bring 
the most efficient synthetic pathways to 
chemists, not only for reaction design but 
also for process optimization,” he notes.

Improvements to be made across the 
industry can be implemented in two 
ways, according to Peutherer. “Firstly, 
gradual improvements in the processes 
that companies presently undertake or 
redesigning of operations (e.g., micro-
wave versus traditional oven drying) will 
have cumulative impacts. Secondly, on a 
more process-specific level, implementa-
tion of environmental operation studies 
at the concept stage, and waste audits on 
longer-running processes, can bring tre-
mendous benefits,” he explains.

In the near term, Peutherer expects 
the greatest gains to be made in areas 
not directly associated with processes, 
including utility consumption and 
waste prevention/treatment. “For ex-
ample, at Sterling we treat waste on 
site and are currently building an ‘en-
ergy-from-waste’ plant as part of our 
strategy to reduce the company’s overall 
carbon footprint,” he comments. Longer 
term, Peutherer predicts wider applica-
tion of the green chemistry principles 
and improvements in API design and 
manufacturing processes will have a 
major impact on the industry.

Progress that has been made to date 
should be recognized too, Song adds. 
He points to the growing development 
and adoption of flow chemistry for API 
synthesis, and recent advances in catal-
ysis, particularly in biocatalysis and 
non-precious metal catalysis (copper, 
nickel and iron), that offer an improved 
ability to build complex molecules with 
much higher efficiencies but less waste. 
Interest is also resurging in the photo-
chemistry and electrochemistry due 
to the inherently green nature of these 
technologies, especially when coupled 
with flow technology.

Double Rainbow, according to Weng, 
employs two unique sustainable tech-
nology platforms to produce sustainable 
therapeutics: rich glycosylation biochem-
istry in all domains of life to produce 
glycosylated drug products that harbor 
unique pharmacological activities but 
are too difficult to be made using con-
ventional synthetic chemistry methods 
and bioengineered microbial systems to 
recreate valuable medicinal natural prod-
ucts that are traditionally sourced from 
fragile natural ecosystems.

“In the near term, we anticipate mov-
ing several of our promising early-stage 
sustainable therapeutic candidates to 
clinical trials. Longer-term, we believe 
our bioengineered therapeutics will 
emerge as a new class of therapeutic 
modalities that play important roles in 
the future of health care while contrib-
uting to the sustainability of our planet,” 
Weng concludes.
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withdrawn for safety reasons. For exam-
ple, sildenafil was originally formulated 
for the treatment of angina; however, 
the therapy did not successfully com-
plete clinical trials for this purpose. 
Pfizer then invested in research around 
an observed erectogenic side effect, and 
it has since been reformulated for the 
treatment of pulmonary arterial hyper-
tension (2). 

Recently, researchers have been eval-
uating the potential of formulations of 
pentamidine with Pluronic (BASF) mi-
celles, which act as drug solubilizers or 
controlled drug-release agents, to treat 
Human African trypanosomiasis (HAT 
or sleeping sickness)—a neglected 
tropical disease (3). Pentamidine is an 
anti-infective agent that can be used 
to treat an earlier stage of the disease; 
however, it is unable to penetrate the 
blood-brain barrier sufficiently to treat 
the secondary stage of HAT. Therefore, 
it was hypothesized that a combined 
pentamidine-Pluronic formulation 
may be a suitable approach to provide 
patients with a single therapeutic op-
tion for treatment of all stages of HAT. 
Although, due to time and money con-
straints, the researchers were unable 
to significantly enhance brain expo-
sure of the active ingredient using a 
formulation incorporating Pluronics, 
they did produce a significant body of 
high-quality data for use by other re-
searchers in the future (3).

In other research, a new formulation 
of risperidone is being investigated, 
repurposing the therapy from an anti-
psychotic to an adenocarcinoma treat-
ment (4). Previous work has been incon-
clusive on the anti-cancer benefits of 
risperidone, although it has been used 
off-label in the palliative care of late-
stage cancer patients. In the study, the 
researchers explored the formulation of 
risperidone with a naturally-occurring 
conjugated linoleic acid (rumenic acid) 
and lipid excipients—VAL401.

When compared with conventional 
risperidone therapy, the researchers 
found that the reformulated drug in a 
lipid excipient resulted in a similar rate 
of exposure to the active moiety. As a 
result, it was concluded that the phar-

D e novo drug development is well 
known to be inherently costly 
and associated with a significant 

risk of failure. It has been reported that, 
on average, companies can spend $2.7 
billion in bringing a drug through the 
full product lifecycle (from invention 
to commercial launch) in a process that 
can last between 10 and 15 years with a 
90% rate of failure (1).

As a result of the significant cost of 
development, companies seek to recoup 
finances through data exclusivity and 
patent protection of intellectual prop-
erty, such as the drug product’s formu-
lation. When the drug is nearing the 
end of its patent or no longer has market 
exclusivity, reformulation strategies can 
be a useful tool to stretch out a potential 
asset lifecycle.

However, reformulation strategies are 
not just a means of elongating market 
presence for drug products or maximiz-

ing the potential return on investment. 
Bio/pharma companies reformulate 
existing therapies for a whole host of 
reasons, such as treating underserved or 
neglected disease areas, improving pa-
tient adherence (particularly for target 
patient groups, such as pediatrics), re-
ducing the potential of drug abuse, and 
providing alternative options in crisis 
situations—as has been apparent during 
the COVID-19 pandemic.

Treating new indications
Many existing therapies have under-
gone reformulation to provide treat-
ment options for other disease areas. 
For example, minoxidil, which was 
originally formulated as a tablet to treat 
hypertension, has been reformulated for 
topical use to treat male pattern bald-
ness (2). Additionally, drugs have been 
repurposed for new indications when 
they have failed clinical trials or were 

Reformulation strategies are useful tools  
for more than just stretching out the  
potential return on investment for a product.

Considering Bio/Pharma 
Reformulation Strategies
Felicity Thomas
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macokinetic data attained supports the 
use of safety and tolerability data from 
the conventional risperidone formula-
tion for further testing of VAL401 (4). 
Based on these results, it is hoped that 
the drug will be able to proceed into 
later stage clinical trials with the origi-
nal drug’s established profile being used 
to appease regulatory requirements.

Improving patient adherence
Patient adherence or non-adherence 
to a therapeutic regimen can mean the 
difference between success or failure 
in terms of treatment. Adherence to a 
medication regimen can be particularly 
poor for elderly patients, pediatric pa-
tients, and patients dealing with chronic, 
long-term diseases and disorders.

Alterations to the route of adminis-
tration can be a useful tactic to help im-
prove patient adherence. Moving away 
from intravenous injections to subcuta-
neous ones, for example, can lower both 
the burden on the patient and health-
care providers, as care can be provided 
in a home setting. Or, utilizing a deliv-
ery technology, such as orally disinte-
grating tablets (ODTs), could facilitate 
administration of oral dosage forms to 
pediatrics and patients who struggle to 
swallow tablets.

For the latter example, a recent deal 
between Catalent and Edenbridge Phar-
maceuticals was agreed upon for the for-
mulation of glycopyrrolate as an ODT 
form (5). Glycopyrrolate is an anticho-
linergic drug that has been commonly 
used control peptic ulcers and to reduce 
severe or chronic drooling in pediatric 
patients with neurologic conditions (6). 
With the agreement between Catalent 
and Edenbridge, it is hoped that the 
proven drug can be reformulated into 
a novel drug platform to provide ben-
efits to patient populations where fluid 
intake may be limited (5).

Another important aspect of improv-
ing patient adherence is that of prevent-
ing abuse of therapeutic products—an 
issue that has been at the forefront of 
efforts by pharma companies to tackle 
the opioid crisis. There are several re-
formulated products currently available 
that feature abuse-deterrent properties. 

To create an abuse-deterrent formula-
tion, products can contain excipients 
that will form a gel if the product is tam-
pered with, they can be formulated to be 
resistant to crushing or physical manip-
ulation, or the formulation can include 
a sequestered antagonist (7). However, 
these abuse-deterrent formulations are 
limited in application as a result of the 
cost associated with them. 

Impact of COVID-19
There have certainly been lots of in-
stances of repurposing and reformulat-
ing drugs for the potential treatment of 
COVID-19. And, as was discussed in 
a recent article (8), vaccine developers 
are looking toward the inhaled route 
of administration to help ensure the 
needs of pediatric patients and those 
who fear needles can also be met in the 
fight to combat the virus.

Some other research in the area 
of pandemic response, however, has 
focused on nano-techniques. For ex-
ample, recent work from researchers 
at the University of Liverpool’s Centre 
of Excellence for Long-acting Thera-
peutics (CELT) has assessed the po-
tential of a nanoparticle formulation 
of niclosamide (NCL)—a cheap API 
that has been shown to be highly ef-
fective against SARS-CoV-2—to treat 
COVID-19 (9).

In the study, the CELT scientists 
used nanoprecipitation to form redis-
persible solid drug nanoparticle for-
mulations of NCL, which means that 
the API did not require nanocarrier 
encapsulation and, as a result, did not 
suffer from limited drug loadings (9). 
The formulated NCL can be stored as a 
solid and then reconstituted with water 
to be used as a long-acting injectable. 
The study results showed that there 
was a sustained level of NCL in the 
plasma concentrations of rats for a 28-
day period post-injection, which was 
administered once, intramuscularly (9). 

“Repurposing of medicines for 
SARS-CoV-2 has yielded mixed results, 
with some clear successes for immuno-
modulatory drugs such as dexametha-
sone, and work underway to repurpose 
drugs like favipiravir and molnupiravir 

that were designed for other viruses,” 
said Professor Andrew Owen, a phar-
macologist and co-director of CELT, 
in a press release about the study (10). 

“The ultimate utility of our long-act-
ing injectable can only be determined 
in adequately powered and well con-
trolled randomized clinical trials, but 
unlike other drugs that have been ex-
plored for repurposing niclosamide, 
target concentrations may be achiev-
able in humans. The formulation has 
shown great promise in preclinical 
studies at a time when it is increas-
ingly evident that drugs are urgently 
required to complement the vaccines.”

“Repurposing drug compounds is 
much more than using existing medi-
cines for a new disease,” added Profes-
sor Steve Rannard, a materials chemist 
and co-director of CELT, in the press 
release (10). “The existing active drug 
compound needs to be shown to be 
active at a significant level, then re-
formulated to address new challenges. 
The conventional route of adminis-
tration may also not be relevant, and 
modifying the way the patient receives 
the drug compound is highly critical 
to efficacy.”
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Commercially available CM equip-
ment lines include entire systems as 
well as specific unit operations. GEA, 
for example, announced in June 2020 
that it is making its well-established 
ConsiGma portfolio of CM equipment 
more accessible by allowing integra-
tion with third-party equipment and 
by defining ConsiGma 4.0 modules for 
individual unit operations (4). Stan-
dardized “off-the-shelf” elements also 
make CM equipment more affordable 
for a wider range of users. 

Modular CM equipment is available 
from multiple suppliers. Glatt’s MOD-
COS modular platform offers continu-
ous processing beginning with powder 
feeding of API and excipients through 
coated tablets, with the addition of the 
Driam continuous Driaconti-T system 
for tablet coating added in 2018 (5).

L.B. Bohle offers CM equipment for 
a range of unit operations, including 
direct compression equipment, the 
QbCon WG continuous wet granulator 
and dryer, and a fully continuous (from 
powder to coated tablet) QbCon plant. 

“Continuous wet granulation, dry-
ing, and milling equipment is already 
producing marketed products in Ger-
many,” reports Robin Meier, manager 
of scientific operations at L.B. Bohle 
GmbH. “We also currently have a com-
plete [powder to coated tablet] system 
being built right now, with factory ac-
ceptance testing planned for 2022.” 

Meier suggests that, especially for 
companies with limited personnel re-
sources, adopting a wet granulation pro-
cess, from powder to milled granules, 
can be a good starting point for using 
CM and can be used to demonstrate the 
benefits of CM to stakeholders. “[Wet 
granulation] is easily controllable; it can 
be adopted quickly from already exist-
ing high-shear granulation processes 
and formulations, and [the company] 
can generate their first experience in 
continuous production.” 

For example, Meier says that Bohle 
worked closely with a large German 
manufacturer of generic drug products 
to adapt a high-shear batch granula-
tion process to continuous wet gran-
ulation and drying. The manufacturer 

C  ontinuous manufacturing (CM) 
has the potential to create higher 
quality drug substances and 

drug products, with greater flexibil-
ity in batch size and with a smaller 
facility footprint. The definition of 
what pharmaceutical manufacturers 
and regulators consider a “continuous 
process” is broad. The International 
Council for Harmonisation (ICH) Q13 
draft guidance, which was released for 
public consultation July 27, 2021, gives 
examples of three concepts of CM: a 
combination or hybrid approach in 
which some unit operations run in 
batch mode while others are connected 
and run in a continuous manner; a 
process that makes either a drug sub-
stance or a drug product, with all unit 
operations integrated and running 
continuously; and an approach that 
connects both drug substance and 
drug product, in an end-to-end con-
tinuous process (1). The industry is 

making advances in all these methods, 
even the fully end-to-end system, with 
Continuus Pharmaceuticals receiving 
US-government funding in January 
2021 to bring the company’s Integrated 
Continuous Manufacturing technol-
ogy to commercial scale (2).

Powder-to-tablet equipment
Processes that are integrated to run 
continuously, from powder to tablet, 
have now been running commer-
cially for more than five years, with 
the first oral solid-dosage drug made 
using continuous processing approved 
by FDA in 2015 (3). Since then, drug 
manufacturers, equipment suppliers, 
contract development and manufac-
turing organizations (CDMOs), and 
consortiums of industry and academia 
have continued to innovate solutions 
to chal lenges such as equipment 
cleanability and better control of raw 
material feeders. 

Evolving equipment designs meet the unique 
needs of continuous processing techniques.

Adopting Continuous 
Manufacturing for  
Solid-Dose Drug Products
Jennifer Markarian
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was able to make product for the mar-
ket within a few months after factory 
acceptance testing, says Meier.  

When a CM process is up and 
running, in-l ine quality control 
measurements and process control 
systems with feedback loops can re-
duce the amount of out-of-specifi-
cation product and improve quality. 
Training operators to understand the 
differences between batch and CM 
operation is one challenge. “One has 
to get used to the fact that most qual-
ity control of intermediate is running 
in-line or at-line, and that stopping a 
running CM line should be [avoided]. 
Sometimes it is better to discharge 
a few-hundred grams of product, 
[rather than] an intermediate stop of 
the whole line,” notes Meier. 

Addressing feeding challenges
How materials are fed into the process is 
another significant difference between 
batch and continuous processes. In CM, 
loss-in-weight twin-screw feeders can 
be used to accurately dose raw materials 
as a continuous feedstream. “In a loss-
in-weight feeder, the amount of weight 
lost is measured by means of a scale and 
sent back to the controller, which ad-
justs the speed of the screws to maintain 
a constant mass flow output,” explains 
Sharon Nowak, business development 
manager at Coperion K-Tron for Food 
& Pharmaceutical Industries. 

Feeder designs are engineered to 
fit a process. “Since a variety of screw 
configurations exist that can also af-
fect the amount of material per revolu-
tion of the screw, a variety of residence 
time distribution (RTD) models have 
been developed to look at overall feeder 
configuration (e.g., hopper size, type 
of screw, and screw speed) in order to 
predict the flow properties of different 
materials within the feeder and prop-
erly size the feeder,” says Nowak. 

“The accuracy of feed is very much 
dependent upon screw fill,” continues 
Nowak. “Therefore, it is imperative that 
the material not only flow within the 
feeder hopper but also be entrained by 
the screws,” she explains. A challenge, 
however, is that some APIs and excipi-

ents do not flow easily and can be held 
up in the feed hopper. Developments in 
more flowable or coprocessed ingredi-
ents are one way to relieve flow issues, 
and equipment solutions are another. 

Coperion K-Tron’s “smart” vibra-
tion device, the ActiFlow, monitors 
the loss-in-weight signal on the feeder 
controller; if there is an interruption in 
material flow, a vibration device is acti-
vated on the feed hopper to restart flow. 

“More importantly, this device is tied 
directly into the feeder’s control system 
and learns at what point in the process 
the material tends to bridge (due to 
changes in the feeder screw speed or 
feed factors). The ActiFlow proactively 
starts before the problem even occurs, 
and then it backs off on the vibration 
when the loss-in-weight signal is back 
in specification,” explains Nowak.

Equipment providers continue to 
improve digital load cell and feeder 
controls technology. For example, Co-
perion K-Tron’s newest load cells, com-
bined with the company’s new KCM-
III controller, have increased resolution 
to allow faster reaction time, which im-
proves accuracy, especially at low feed 
rates and during setpoint changes or 
after a refill, says Nowak. “The refill 
reaction time is critical to maintaining 
overall accuracy in the continuous pro-
cess,” she notes. The newest version of 
the controller also increases processing 
power and data storage capacity. These 
features are important for traceability 
and for tracking data trends. In the fu-
ture, Nowak says, accelerometers could 
be used within the control system to 
accurately measure vibration and ef-
fects on feeder output, thus further 
increasing accuracy of control systems.

Another consideration for CM feed-
ers is that users need equipment for 
very small feed rates, in the range of 
10–100 g/h, as well as feeders designed 
for feed rates higher than 25–50 kg/h, 
says Nowak. “Coperion K-Tron has 
developed specific modular design 
feeders to handle a wider range of feed 
rate profiles. The use of specialty servo 
motors, for example, has widened the 
screw speed ranges available, with 
much higher turndowns, thus elimi-

nating the requirements for changing 
gearboxes when higher or lower rate 
ranges are required.”

While this design allows higher 
rate ranges without a gearbox change, 
Nowak notes that the company’s QT 
model of feeders also uses a modular 
design, which is another advance that 
can facilitate quick changeovers in 
equipment. The overall designs, which 
include an option for quick roll-out 
frames on rails, have improved accessi-
bility, added versatility, and minimized 
downtime, says Nowak. 

“The QT model was specifically de-
signed because of polling many of our 
key customers who were currently 
working in continuous processing, in-
cluding continuous direct compression, 
continuous extrusion and granulation, 
and continuous coating,” says Nowak. 

“The new QT includes interchangeable 
modules that can be completely re-
moved from the feeder motor/gearbox 
to change from one model to another. 
This allows the operator to easily re-
move everything in contact with the 
product in a few seconds and replace 
with either a new module or a different 
feeder model.”  

Quick-change designs are also help-
ful for improving cleanability, which is 
a key area targeted for improvement by 
those involved in CM. Nowak says that 
Coperion KTron’s new designs have 
improved connections upstream and 
downstream of the feeder; fewer parts 
make assembly easier and faster.  “Turn-
tables and rails allow the feeder to be 
rolled back and turned 90 degrees from 
the feeder ‘cluster’, thus making access 
to change-out screws or perform other 
maintenance much easier,” says Nowak. 

“The feeder is also automatically pitched 
2 degrees for drainage to allow for quick 
wash-in-place operations.” 

Equipment integration
Integration is another challenge for con-
tinuous processes, particularly when 
connecting equipment from different 
original equipment manufacturers 
(OEMs) for different pieces. “Many end 
users wish to remain with their existing, 
known unit technology,” says Nowak, so 
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communication between the unit oper-
ations is key. Nowak notes that, increas-
ingly, OEMs and drug manufacturers are 
using OPC-UA as a common language. 
To make sure communication is clear 
and that the required parameters can be 
transmitted, Coperion K-Tron has part-
nered with several continuous systems 
integrators, such as Continua Process 
Systems, to ensure that communication 
and data collection of the complete pro-
cess is seamless, says Nowak. The com-
pany’s KCM-III controller is equipped 
with communication cards and options 
for multiple protocols (e.g., Ethernet, 
Modbus, OPC-UA) so communication 
and integration into the overall process 
is maintained, she notes.

PAT
Another area where innovations are ex-
pected to continue is in process analyt-
ical technology (PAT) tools. Newer and 
better sensors that are faster and more 
precise are driving evolution in PAT, said 
Fernando Muzzio, in an interview with 
Pharmaceutical Technology (6). PAT is a 
crucial part of enabling in-line process 
control in continuous manufacturing, 
and companies are working on further 
developments in using PAT for quality 
control, including real-time release. Pro-
cess modeling is a key part of developing 
real-time  quality control, said Muzzio. 
For example, residence time distribution 
models are being explored for use in pre-
dicting content uniformity in the final 
blend and finished product as a function 
of measured perturbations of ingredients 
coming into the line.

Partnerships between industry, au-
tomation solutions providers, and aca-
demia will help the ongoing progress in 
PAT, added Bikash Chatterjee, CEO of 
Pharmatech Associates, a USP company, 
in an interview with Pharmaceutical 
Technology (6). “We are in an asymp-
totic rise in terms of our ability to un-
derstand what’s happening in our pro-
cesses. We need to now extend that out 
of the lab and put it on the shop floor, 
so that we are making product that we 
know is consistently good. That’s going 
to benefit everyone, not just patients but 
manufacturers as well,” said Chatterjee.

Enabling adoption
Innovations, such as these equipment im-
provements along with developments in 
control systems and materials, will assist 
solid-dosage drug manufacturers—from 
branded to over-the-counter and generic 
drugs—as they move ahead with adop-
tion of continuous processes. 
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Peak deconvolution with photodiode array (PDA) 
detectors using a unique software function can separate 
peaks that are not resolved on-column, yield better 
detection results, and minimize method development 
and analysis time. 

LCGC: What’s the difference between 2D UV-vis data and 3D  
PDA data?
DOMANSKI: Two-dimensional UV-vis data describes the total 
absorbance of a sample versus time for a single chosen wavelength 
producing a chromatogram. This type of data only shows that a 
compound has some absorbance at the wavelength of observation 
but can’t provide much more information. There is no way to tell 
if we are observing the compound at a wavelength of high or low 
absorbance or to predict what the compound might be. When we 
collect 3D PDA data, for each moment in time during the experiment, 
we can observe and record intensity across a range of wavelengths. 
This provides useful spectrum information that can determine 
maxima that yield the best limits of detection for the compounds of 
an assay or be used for traditional PDA data analysis such as cosine-
vector peak purity.

LCGC: Beyond these uses, how does peak deconvolution unlock the 
full potential of PDA data?
DOMANSKI: While traditional PDA analysis tools may use a portion 
of the spectrum information available, peak deconvolution uses all 
the data and applies accepted mathematical techniques to separate 
peaks that are not resolved on-column. This can allow for detection 
of coeluting impurities in a potency assay, indicate an unexpected 
coeluting reaction product, or allow for characterization of a hard-to-
separate degradant. 

LCGC: What is the key to peak deconvolution, and how did this 
function get developed?
DOMANSKI: At the heart of our PDA peak deconvolution function 
is a sophisticated peak-fitting and spectrum-fitting algorithm that 
uses the multivariate curve resolution – alternating least squares 
(MCR-ALS) approach to determining solution sets, which is often used 
in benchtop spectroscopy applications such as chemometrics and 
observation of reaction kinetics. Because the technique can work with 
complex multi-component systems, it is ideal for LC-PDA data, where 
a single experiment may contain many peaks, each with associated 

Unlocking the Power of 3D  
Absorbance Data spectral data.  Making the leap from accepted 

technique to implementation in software was done 
in conjunction with Eisai Co. Ltd., a leading global 
pharmaceutical manufacturer. Their goal was to 
accelerate therapeutic development by investing in 
technologies that would reduce analysis time and 
increase awareness of coelution-related issues at 
every stage of the process.

LCGC: How does MCR-ALS deconvolution compare 
to other forms of peak purity assessment?
DOMANSKI: In contrast to traditional cosine-
vector peak purity or purity-angle assessment, 
MCR-ALS deconvolution uses the entire data set 
from the defined time and wavelength domain to 
calculate peak shape and spectrum information 
for each identified chromatographic feature. If 
users have multiple impurities, up to five peaks 
can be identified within a single deconvolution 
segment, and up to 12 segments can be set in 
each chromatogram. So not only can coelution 
be spotted, but the potential impurities can be 
characterized with the same tools as any other peak, 
including the reconstructed spectrum.

LCGC: Can the deconvoluted peaks be integrated, 
and are reconstructed spectra accurate?
DOMANSKI: The short answers are yes, and 
yes. With regards to integration, we have 
studied a three-component system of common 
pharmaceutical drugs under ultra-high-
performance liquid chromatography (UHPLC) 
conditions that result in partial separation and 
elution in less than 20 seconds. The resulting 
chromatogram produces peaks and valleys, but 
none of the peaks are baseline resolved. We then 
compared the results of PDA peak deconvolution 
with the traditional integration strategy of splitting 
the peaks with a vertical drop from the bottom of 
the valley to baseline and with separate injections of 
each standard. 

Traditional valley-to-valley definition of the 
unresolved peaks led to as much as 13.1% deviation 
from the single standard injection, whereas using 
the deconvolution result, peak area was much 
more accurately assigned to the peaks, with the 
greatest error versus single standard injection 
being 5.6%. For the same three-component system, 
the reconstructed spectra were compared with 
the observed spectra from the single standard 
injections. For all the reconstructed spectra, the 

similarity was 0.9998 or greater, indicating a near 
perfect match to empirical data. 

LCGC: With these capabilities, where do you see 
PDA peak deconvolution fitting into pharma and 
biopharma workflows?
DOMANSKI: With its ease of implementation, 
this technique can potentially replace complex 
multi-dimensional separation or time-consuming 
low-flow, high-capacity columns that cannot 
provide rapid results in a user-friendly way. As 
International Council for Harmonization of Technical 
Requirements for Pharmaceuticals for Human 
Use (ICH) and other regulatory bodies continue to 
tighten requirements for impurities detection, PDA 
peak deconvolution is an additional arrow in the 
quiver of analysis with its ability to detect low-level 
coeluting impurities. By identifying these species 
at the beginning of drug development, time can 
be saved throughout the downstream process. For 
early-stage high-throughput screening, PDA peak 
deconvolution could allow for faster injection cycles 
while maintaining the quality of data. 

In a medicinal chemistry setting, deconvolution 
could be used in UHPLC reaction monitoring to look 
for hidden peaks or coeluting intermediates or be 
applied to re-injections of purification fractions as a 
secondary check of purity. As the drug-development 
cycle continues, any in-silico testing that uses 
absorbance can be augmented by using PDA peak 
deconvolution to provide information on coeluting 
peaks without the need to spend additional time on 
LC method development. And for groups that may 
have experience with PDA peak deconvolution, such 
as analytical method research and development, 
the ability to use this powerful technique integrated 
directly into the instrument software provides 
unprecedented access and ease. 

LCGC: Is Shimadzu planning future development 
of this technique?
DOMANSKI: We are developing a new generation 
of the PDA peak deconvolution algorithm that will 
improve performance in terms of sensitivity and 
reliability for some of the most difficult use cases. 
Our international team is working in cooperation 
with pharma users to optimize the feature for lower 
detection limits, even when there is minimal on-
column separation.

For more information, visit SolutionsForPharma.com. 

Brian Domanski
Strategic Collaborations 
Scientist
Shimadzu Scientific 
Instruments
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An integrated program is a newer concept offered by 
CDMOs in which more of a project’s activities are placed 
with one supplier. 

Efficiency, speed to market, and access to unique expertise 
are among the key benefits of partnering with a contract 
development and manufacturing organization (CDMO) that 

offers integrated, end-to-end services. Applying a fully integrated 
approach to drug discovery, development, manufacturing, packaging, 
and more—all with a single project manager as the primary point 
of contact and a single plan across multiple scientific disciplines—
provides pharmaceutical and biotech innovators with tangible 
benefits. Pharmaceutical Technology recently spoke with Kevin 
Duffield, global head of project management at Piramal Pharma 
Solutions (PPS), about delivering successful product launches with 
the seamless transfer of technology, documentation, and materials 
across global sites. 

PHARMTECH: How would you define an integrated services program? 
DUFFIELD: Piramal has 14 manufacturing sites located around the 
world. Those sites typically specialize in one form of service to the 
pharma sector, like API manufacturing, solid oral dose or sterile  
fill/finish. For Piramal, an integrated program is a program where we 
use multiple sites to satisfy the needs of a single client program. 

PHARMTECH: What are the advantages or benefits of an integrated 
services program to the sponsor? 
DUFFIELD: One advantage for the sponsor is reduced business 
complexity. The sponsor has a single partner to help them work 
through the various program elements. It is possible to see timeline 
compression with an integrated project because you can sometimes 
take away complexities of shipments and movement of materials 
between sites. Another advantage is that you have a single project 
team covering the project, which allows for efficiencies in relationship 
and project management. A final advantage is, because you are 
now concentrating your business with your partner, there is a more 
strategic relationship between the parties that allows for more focus 
and attention by the provider to your needs. 

PHARMTECH: Why is the ability to conduct an integrated services 
program important in today’s market? 
DUFFIELD: It is kind of an old story, but speed to market is still a 
primary driver for new products being brought to market, and 

The Integrated Approach to Drug 
Development and Manufacturing integration allows for the opportunity to overlap 

activities and increase speed. Another factor is that 
a lot of biotech firms make the decision to take their 
products directly to patients rather than selling 
off their assets once the concepts are proven. So, 
these companies are looking for partners that can 
provide broad technical, regulatory, and commercial 
capabilities to have one relationship take them 
to market in the shortest possible time. Another 
aspect is a surety of supply. As products become 
commercial, making sure that supply is never 
interrupted requires multiple manufacturing and 
redundant manufacturing sites. Large organizations 
with integrated programs can transfer those 
technologies internally and provide that surety of 
supply with backup manufacturing. 

PHARMTECH: From a client’s perspective, what 
barriers do they need to overcome before 
committing to an integrated program? 
DUFFIELD: In an integrated program, more of the 
project activities are placed with one supplier. So, 
the sponsor’s internal team needs to be aligned 
around the model. This is a newer concept in 
the history of CDMO businesses. It’s a strategic 
relationship rather than a tactical one, as common 
in the past. 

PHARMTECH: What does PPS offer in integrated 
programs that makes its offering especially 
valuable to the customer? 
DUFFIELD: Piramal has a system in which each 
of our sites has a project management team that 
facilitates the execution and client communications 
for that particular site’s activities. We add a 
layer of senior program managers who ensure 
our site business is aligned in a single plan and 

provide an escalation point for the client, should 
interconnections need to be improved. In addition, 
we have periodic business review meetings with 
the client that involve a Piramal senior manager. 
We view these as strategic relationships and treat 
them as such in terms of management, time, 
and oversight relating to our client’s expectations 
and our delivery performance. In some cases, 
these integrated programs offer access to unique 
technologies that Piramal has—particularly in the 
space of antibody drug conjugation, fill/finish, and 
most recently in the peptide synthesis area—where 
we can put together programs across technologies 
to make drug substances and bring them to dosage 
form at another site.  

PHARMTECH: What does the future look like for 
integrated services programs?  
DUFFIELD: Going back to 2005, there were 
integrated offerings that were early into the market. 
But those early providers fell on deaf ears. The 
market wasn’t ready for that kind of model. By 2015, 
most major CDMOs had some sort of integrated 
offering as the market came to the realization 
that they could save time and money with this 
model. I think by 2025, we will continue to see 
growth and companies, such as Piramal, add new 
technical capabilities or sites that allow us to provide 
more integrated programs. We will also see the 
emergence of true integrated practices where we 
don’t just have an integrated project plan but see 
how our sites can work together to remove time  
and redundant work as projects move from one 
stage to the next. 

Kevin Duffield 
Global Head  
Project Management 
Piramal Pharma Solutions

Piramal Pharma Solutions (PPS) is a CDMO offering end-to-end development and 
manufacturing solutions across the drug life cycle. We serve our customers through a globally integrated 
network of facilities in North America, Europe, and Asia. This enables us to offer a comprehensive range 
of services including drug discovery solutions, process & pharmaceutical development services, clinical 
trial supplies, commercial supply of APIs, and finished dosage forms. We also offer specialized services 
such as the development and manufacture of highly potent APIs, antibody-drug conjugations, sterile fill/
finish, peptide products & services, and potent solid oral drug product. Our track record as a trusted service 
provider with experience across varied technologies makes us a partner of choice for innovator and generic 
companies worldwide.

For more information please visit: www.piramalpharmasolutions.com | Twitter  | LinkedIn

https://www.shimadzu.com/
https://www.pharmtech.com/
https://www.chromatographyonline.com/
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Peak deconvolution with photodiode array (PDA) 
detectors using a unique software function can separate 
peaks that are not resolved on-column, yield better 
detection results, and minimize method development 
and analysis time. 

LCGC: What’s the difference between 2D UV-vis data and 3D  
PDA data?
DOMANSKI: Two-dimensional UV-vis data describes the total 
absorbance of a sample versus time for a single chosen wavelength 
producing a chromatogram. This type of data only shows that a 
compound has some absorbance at the wavelength of observation 
but can’t provide much more information. There is no way to tell 
if we are observing the compound at a wavelength of high or low 
absorbance or to predict what the compound might be. When we 
collect 3D PDA data, for each moment in time during the experiment, 
we can observe and record intensity across a range of wavelengths. 
This provides useful spectrum information that can determine 
maxima that yield the best limits of detection for the compounds of 
an assay or be used for traditional PDA data analysis such as cosine-
vector peak purity.

LCGC: Beyond these uses, how does peak deconvolution unlock the 
full potential of PDA data?
DOMANSKI: While traditional PDA analysis tools may use a portion 
of the spectrum information available, peak deconvolution uses all 
the data and applies accepted mathematical techniques to separate 
peaks that are not resolved on-column. This can allow for detection 
of coeluting impurities in a potency assay, indicate an unexpected 
coeluting reaction product, or allow for characterization of a hard-to-
separate degradant. 

LCGC: What is the key to peak deconvolution, and how did this 
function get developed?
DOMANSKI: At the heart of our PDA peak deconvolution function 
is a sophisticated peak-fitting and spectrum-fitting algorithm that 
uses the multivariate curve resolution – alternating least squares 
(MCR-ALS) approach to determining solution sets, which is often used 
in benchtop spectroscopy applications such as chemometrics and 
observation of reaction kinetics. Because the technique can work with 
complex multi-component systems, it is ideal for LC-PDA data, where 
a single experiment may contain many peaks, each with associated 

Unlocking the Power of 3D  
Absorbance Data spectral data.  Making the leap from accepted 

technique to implementation in software was done 
in conjunction with Eisai Co. Ltd., a leading global 
pharmaceutical manufacturer. Their goal was to 
accelerate therapeutic development by investing in 
technologies that would reduce analysis time and 
increase awareness of coelution-related issues at 
every stage of the process.

LCGC: How does MCR-ALS deconvolution compare 
to other forms of peak purity assessment?
DOMANSKI: In contrast to traditional cosine-
vector peak purity or purity-angle assessment, 
MCR-ALS deconvolution uses the entire data set 
from the defined time and wavelength domain to 
calculate peak shape and spectrum information 
for each identified chromatographic feature. If 
users have multiple impurities, up to five peaks 
can be identified within a single deconvolution 
segment, and up to 12 segments can be set in 
each chromatogram. So not only can coelution 
be spotted, but the potential impurities can be 
characterized with the same tools as any other peak, 
including the reconstructed spectrum.

LCGC: Can the deconvoluted peaks be integrated, 
and are reconstructed spectra accurate?
DOMANSKI: The short answers are yes, and 
yes. With regards to integration, we have 
studied a three-component system of common 
pharmaceutical drugs under ultra-high-
performance liquid chromatography (UHPLC) 
conditions that result in partial separation and 
elution in less than 20 seconds. The resulting 
chromatogram produces peaks and valleys, but 
none of the peaks are baseline resolved. We then 
compared the results of PDA peak deconvolution 
with the traditional integration strategy of splitting 
the peaks with a vertical drop from the bottom of 
the valley to baseline and with separate injections of 
each standard. 

Traditional valley-to-valley definition of the 
unresolved peaks led to as much as 13.1% deviation 
from the single standard injection, whereas using 
the deconvolution result, peak area was much 
more accurately assigned to the peaks, with the 
greatest error versus single standard injection 
being 5.6%. For the same three-component system, 
the reconstructed spectra were compared with 
the observed spectra from the single standard 
injections. For all the reconstructed spectra, the 

similarity was 0.9998 or greater, indicating a near 
perfect match to empirical data. 

LCGC: With these capabilities, where do you see 
PDA peak deconvolution fitting into pharma and 
biopharma workflows?
DOMANSKI: With its ease of implementation, 
this technique can potentially replace complex 
multi-dimensional separation or time-consuming 
low-flow, high-capacity columns that cannot 
provide rapid results in a user-friendly way. As 
International Council for Harmonization of Technical 
Requirements for Pharmaceuticals for Human 
Use (ICH) and other regulatory bodies continue to 
tighten requirements for impurities detection, PDA 
peak deconvolution is an additional arrow in the 
quiver of analysis with its ability to detect low-level 
coeluting impurities. By identifying these species 
at the beginning of drug development, time can 
be saved throughout the downstream process. For 
early-stage high-throughput screening, PDA peak 
deconvolution could allow for faster injection cycles 
while maintaining the quality of data. 

In a medicinal chemistry setting, deconvolution 
could be used in UHPLC reaction monitoring to look 
for hidden peaks or coeluting intermediates or be 
applied to re-injections of purification fractions as a 
secondary check of purity. As the drug-development 
cycle continues, any in-silico testing that uses 
absorbance can be augmented by using PDA peak 
deconvolution to provide information on coeluting 
peaks without the need to spend additional time on 
LC method development. And for groups that may 
have experience with PDA peak deconvolution, such 
as analytical method research and development, 
the ability to use this powerful technique integrated 
directly into the instrument software provides 
unprecedented access and ease. 

LCGC: Is Shimadzu planning future development 
of this technique?
DOMANSKI: We are developing a new generation 
of the PDA peak deconvolution algorithm that will 
improve performance in terms of sensitivity and 
reliability for some of the most difficult use cases. 
Our international team is working in cooperation 
with pharma users to optimize the feature for lower 
detection limits, even when there is minimal on-
column separation.

For more information, visit SolutionsForPharma.com. 

Brian Domanski
Strategic Collaborations 
Scientist
Shimadzu Scientific 
Instruments
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T 
he European Union (EU) good manufacturing prac-
tice (GMP) (1) and FDA regulatory documents (2) re-
quire manufacturers to monitor pharmaceutical and 
biopharmaceutical product quality to ensure that a 

“state of control” is maintained throughout the lifecycle of 
new and legacy products during the third process validation 
stage called “continued process verification (CPV)” (2) or 

“ongoing process verification (OPV)” (1). Indeed, EU GMP 
Annex 15 clearly states that, “Manufacturers should monitor 
product quality to ensure that a state of control is main-
tained throughout the product lifecycle with the relevant 
process trends evaluated” (1). Thus, regulatory agencies ex-
pect manufacturers to implement a CPV/OPV plan.

The implementation of Stage 3 of the manufacturing pro-
cess validation is translated into establishing an ongoing 
CPV/OPV program, which allows identification of CPV 
signals and defining types of responses to these signals. 
These CPV signals can in theory be detected by evaluating 
process data plotted on Shewhart charts, also called pro-
cess-behavior charts (3), and scrutinizing them with Nelson 
rules (4), also referred to as detection rules (3) or runs tests 
in StatGraphics software (Stagraphics Technologies Inc., 
USA) program (Table I). However, the validity of these rules 
holds when the fundamental assumptions underlying the 
classical Shewhart control charts are met (5,6). Otherwise, 
applying traditional statistical process control (SPC) rules 
on real-world process data would lead to excessive false sig-
nal alarms, which in turn would lead to futile investigations 
aimed supposedly at assigning causes to these apparent pro-
cess deviations. 

This series of papers will review and demonstrate exam-
ples of pharmaceutical process data that the SPC funda-
mental conditions are often not met; explain the regulatory 
expectations regarding “state of control”; and suggest prac-
tical SPC tools that minimize false alarm signals. 

Submitted: March 3, 2021
Accepted: May 3, 2021

Practical SPC Rules in the Real World 
of an Ongoing Process Verification 
Plan: Part 1. Conventional SPC Rules 
and Pharmaceutical Process Data

Regulatory agencies require manufacturers to 
monitor pharmaceutical and biopharmaceutical 
product quality to ensure that a state of control 
is maintained throughout the lifecycle of new 
products and legacy products during the third 
process validation stage called continued process 
verification or ongoing process verification. To 
this purpose, manufacturers evaluate process 
data plotted on Shewhart control charts while 
scrutinizing them with Nelson rules.  
Part 1 of this article series demonstrates, using 
real-world process data, that the four fundamental 
assumptions underlying the classical Shewhart 
control charts—randomness, independence, 
constant average, and constant variation—are 
often not met. Consequently, it is equally shown 
that applying traditional statistical process control 
(SPC) rules on pharmaceutical quality attributes 
and microbial environmental data leads to 
excessive false signal alarms, which in turn lead to 
futile investigations aimed at assigning causes to 
these  potentially innocuous process deviations. 
Adopting a pragmatic approach aimed 
at relaxing the conventional SPC rules to 
minimize false alarms requires the correct 
interpretation of “state of control” in the context 
of the regulated pharmaceutical industry.

Raphael Bar
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It is shown that collecting, charting, and evaluating prod-
uct and process data under relaxed and adjusted SPC rules 
allow a practical and streamlined implementation of the 
CPV/OPV program. 

Why the fundamental SPC rules are not met
Manufacturers are likely to monitor data of process and 
in-process controls and of finished product (active substance 
or finished drug product), analytical method performance at-
tributes (e.g., sample repeatability, chromatographic resolution 
and tailing factor, assays of QC samples), environmental data 
(e.g., particles in air, microbes in air, water, and on surfaces), 
and stability data. Figure 1 illustrates schematically how process 
data and attributes are monitored on control charts within pre-
set upper and lower limits, under tolerance intervals delimited 

by specifications for quality attributes, by a normal operating 
range (NOR), a proven acceptable range (PAR), or a design 
space for process parameters and material attributes.

These data appear to be naturally amenable to evaluation 
with SPC techniques using Shewhart control charts. However, 
these control charts are based on the following basic assump-
tions: The data should:

• be random—one cannot know in advance what the exact 
outcome of an experiment will be

• be independent—two events are statistically independent 
if the occurrence of one does not affect the probability of 
the other

• have a constant process average
• have a constant process variation.
The applicability of the above assumptions was tested on ex-

amples of real pharmaceutical process data and are illustrated 
below.  

Are data random and independent? Figure 2 shows a control 
chart of assay results of 100 batches of a drug substance (DS). 
This chart, as all other subsequent charts, was generated with 
StatGraphics Centurion XVIII software and is marked with 
a high number of asterisks, each indicating an application of 
one of the eight Nelson rules. A quick look reveals that the 
data are not random. This observation is contrasted with the 
lower trace in Figure 2, which reveals a totally different appear-
ance of the same data set subjected to randomization (6) using 
a StatGraphics feature.  

Furthermore, one can observe that some data are arranged 
in clusters of consecutive similar values. Thus, batches 8–12 as 
well as batches 33–40 are all high, but batches 46–53 are all low. 
This arrangement visibly negates the presence of data indepen-
dence. This behavior is typical of a phenomenon called positive 
autocorrelation whereby a smaller value tends to follow a smaller 

one and a higher value tends similarly to 
follow a higher one. This situation can 
in principle be explained by manufactur-
ing of several consecutive batches under 
underlying similar conditions, such as 
using the same lot of reagent or the same 
lot of an active ingredient, the same pro-
duction machine, same production line, 
same time laps, or the same operators. 
These conditions may change in a sub-
sequent group of manufactured batches. 
Indeed, manufacturing in campaigns is 
often practiced in the pharmaceutical 
industry. Statistically speaking, auto-
correlation is a correlation between a 
set of data and its copy delayed by one 
or more data points as a function of the 
delay number (or time lag). In other 
words, autocorrelation reflects the simi-
larity between observations as a function 
of the time lag between them (similarity 
at any time delay is highest when equal 

1
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Figure 1: Schematic presentation of statistical process  implementation within 
the regulatory requirements. PAR is proven acceptable range, IPC is in-
process control, NOR is normal operating range, LCL is lower control limit, 
UCL is upper control limit.

Table I. Nelson rules for detecting special causes in 
control charts.

Nelson 
rule #

Runs test per 
StatGraphics

1  Beyond-3sigma-limits run

2 A Runs above or below centerline of 
length 9 or greater.

3 B Runs up or down of length 6 or greater.

6 C Sets of 5 observations with at least 
4 beyond 1.0 sigma.

5 D Sets of 3 observations with at least 
2 beyond 2.0 sigma.

7 E Sets of 15 observations at or within 
1.0 sigma.

8 F Sets of 8 observations beyond 
1.0 sigma.

4 G Sets of 14 observations alternating 
up and down
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to one or non-existent [i.e., data is random] when equal to zero). 
If data are non-random, then one or more of the autocorrela-
tions will be significantly non-zero. The autocorrelation chart 
(not shown) of the drug substance assay values reveals large 
statistically significant coefficients of the first two lags (0.73 and 

0.47), implying that data are definitely not 
random or independent.  

Should the data be normal? It is not surpris-
ing to state that process data are often not 
normally distributed, as illustrated in the 
skewed histograms of the quality attributes 
of the 100 batches of the drug substance 
(DS): assay, contents of a related impurity 
and water, and a specific rotation (Figure 
3). All four p-values of the Shapiro-Wilks 
and Anderson-Darling normality tests 
are well below 0.05, confirming indeed 
that all data sets are non-normal. Often, 
one would draw control charts with either 
of the data sets and evaluate the process 
behavior with Nelson rules (Table I). Since 
most Nelson rules are based on Gaussian 
data distribution, excessive applications of 
these rules are often encountered. Figure 2 
reveals 67 flagged unusual runs by Nelson 
rules 2–8 and 17 beyond-limits (rule 1).

Nelson rule 1—a point beyond the 
three-sigma limit—is still subject to a common misunderstand-
ing. It is well known that 3-sigma limits cover 99.73% of data of 
a normal distribution. While many think that data needs to be 
normally distributed, Shewhart did not make that requirement 
(7). He set the control limits to be 3 sigma-limits as empirical 
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Figure 3: Histograms of several quality attributes of a chemical drug substance (as say, water content, specific 
rotation, and impurity content). All histograms appear to be non-normally distributed.
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limits, which encompass the vast majority of data (close to 100%). 
Wheeler demonstrated that 3 sigma-limits cover at least 97.5% of 
all data coming from a variety of non-normal distributions (8). 
Thus, if one accepts that up to 2.5% of process data can exceed 
the 3 sigma-limits (Nelson rule 1), then the fit to a normal distri-
bution is not a requirement. However, when data distribution is 
heavy-tailed and data are generated in abundance, such as envi-
ronmental monitoring data that is collected on a daily, weekly, or 
monthly basis, one may encounter an unacceptably large num-
ber of 3-sigma beyond-limits events (even more than 2.5%) that 
would need to be reported and investigated. Figure 4 shows an ex-
ample of a non-normal distribution of 359 microbial counts in air  
(cfu/m3) measured in a classified D room as well as a control 
chart flagged with 19 beyond-limits (5.3%).

Of course, one can attempt to normalize data via some math-
ematical transformation. However, the author prefers the use of 
the original data as is and endorses Wheeler’s view, whereby non-
linear transformations can lead to a loss of the physical meaning 
of the original data, distort the data, hide the signals, and possibly 
change the results of the analysis (7). 

Are the process average and variation constant? A stable and pre-
dictable process is expected to operate with a constant process 
average that is subject to one source of variation. When an indi-
vidual X-mR chart is constructed from positively autocorrelated 
measurements, the presence of clusters of high similar values and 
low similar values may be interpreted as temporary shifts of the 
process average. This autocorrelation in turn is a demonstration 
of non-constant process average. When the short-term variation 
is derived from closely similar values of the clusters, the resulting 
standard deviation is inevitably smaller, thus leading to narrower 
control limits and ultimately, to a large number of beyond-limits. 
Figure 2 indeed shows a considerable number of 17 values beyond 
the lower and upper control limits from 100 data points (i.e., 17%). 
These are in fact false signals. 

Similarly, an Xbar-R or Xbar-S chart of grouped data can ex-
hibit excessive beyond-limits values when a process is operating 
with more than one source of variation. When a process can 
inherently vary from subgroup to subgroup, the variation within 
the subgroup may be smaller than that across the subgroups. 
Recognizing the presence of an additional source of variation is 
based on a deep acquaintance with the behavior of the process in 
question and the context of the data. When the data have more 
than one level of background variation, one cannot always use 
the within-subgroup variation to compute appropriate limits for 
the subgroup averages (9). If this additional variation source is 
ignored, control limits will be calculated from the smaller with-
in-subgroup variation, thus also leading to excessive beyond-lim-
its values. An example of such behavior is depicted in Figure 5 
which plots microbial counts in air (cfu/m3) of a Class C room, 
sampled from four locations at each sampling time. The lower 
trace of Figure 5 displays a scatterplot of the four counts at each 
sampling time, and the upper trace shows the 95% confidence 
intervals of the means of individual subgroups. This upper trace 
reveals that a considerable number of intervals do not overlap 
among others, thus indicating a non-constant process average. 

This divergence of the subgroup averages is further supported by 
the outcome of a one-way analysis of variance (ANOVA) made 
on the 105 subgroups. The resulting p-value of the F-test is less 
than 0.05, suggesting also a statistically significant difference 
between some means from one week to another at the 95.0% 
confidence level. Considering the context of these microbial 
counts recorded mostly on a weekly basis, one can definitely 
rationalize that the contamination level in the same room may 
well vary from one sampling time to the next one. So, in addition 
to the within-week variation, there is an additional across-week 
variation. Therefore, when this additional source of variation is 
ignored, a conventional Xbar-R chart generated with these data 
(Figure 6) expectedly shows a high number of 25 beyond-limits 
events in the Xbar plot.  

Regulatory interpretation of state of control
Data from pharmaceutical manufacturing—data of in-process 
controls and finished product, process parameters, environmen-
tal monitoring counts of microbes and particles, and analytical 
method performance parameters—are in principle amenable 
to charting on Shewhart Control Charts and evaluation with 
Nelson rules (4) for detecting trends and shifts in process average 
and variation. However, as previously seen, applying traditional 
SPC rules on pharmaceutical quality attributes and microbial en-
vironmental data leads to excessive false signal alarms, which in 
turn leads to futile investigations aimed supposedly at assigning 
causes to these apparent and innocuous process deviations. Thus, 
a different practical approach for minimizing the false alarms 
rate is called for and at the foundation of this pragmatic approach, 
lies an understanding of the context of the pharmaceutical pro-
cess data and the regulations governing this industry.  

“State of control” versus “state of statistical control.” SPC methodol-
ogy employs the eight Nelson rules to evaluate process data for 
detecting trends and shifts in process behavior in view of estab-
lishing whether the process is operating under common cause 
or under special (or assignable) cause variation. Implementing 
these tools allows one to separate the signal from the noise and 
determine if the process is under a “state of statistical control”. 
A process in a state of statistical control is operating with only 
chance causes of variation. A process that is operating in the 
presence of assignable causes is said to be out of control (10). In-
terestingly, regulatory documents (1,2) do not mention nor re-
quire statistical control. Instead, regulatory documents call for a 
state of control, which EU GMP Annex 15 defines as “a condition 
in which the set of controls consistently provides assurance of 
acceptable process performance and product quality” (1). This 
definition reflects a pragmatic and flexible approach whereby a 
manufacturer who judges his process performance and his prod-
uct quality as consistently satisfactory over time is in fact main-
taining his process in a state of control. This approach opens 
the door to possibilities of relaxing and adjusting the traditional 
SPC rules to a given process for the purpose of declaring it as 
operating under control.

“Action limit” versus “control limit.” SPC methodology sets statisti-
cally derived control limits as multiples of process sigma: 3-sigma 
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Figure 4 
Figure 4: Histogram of microbial counts (cfu/m3) of air samples recorded in Class D room (upper) and X-chart of the 
same data with control limits based on 3 sigma (lower). Nineteen data points are flagged as beyond-limit events.

Figure 5 Figure 5: Confidence intervals of the means of groups of four microbial counts (cfu/m3) recorded at each sampling 
time in Class C room (upper) and scatterplot of the same data (lower).
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control limits (upper and lower), 2- and 
1-sigma-limits (called also outward and 
inner warning limits, respectively). These 
limits, in principle, delineate probabilities 
of occurrence of a data point located as 3, 
2, or 1 sigma away from the process aver-
age. However, the regulator is interested in 
reaction-driven limits—an alert limit and 
action limit—with the intent to react in a 
timely manner and determine the need 
for action to ensure and document that the 
process is maintained in a state of control 
(1,2). The former is a breach that should 
trigger a review and follow-up, which 
might include investigation and corrective 
action. The latter is a breach that should 
lead to a root cause investigation and risk 
assessment. Indeed, the FDA guide on pro-
cess validation (2) and the EU GMP Part 
II (11) explicitly call to set appropriate alert 
limits and action limits, and the new draft 
EU GMP Annex 1 calls to set alert levels 
and action limits for the counts of viable 
and non-viable particle monitoring (12).

Regulatory approach versus SPC approach. 
The manufacturer now needs to decide 
which specific Nelson rule is considered 
a signal for an alert or for an action. An 
SPC-oriented approach concentrates 
solely on the behavior of the process 
data and generates flags that signal a 
likely or actual deviation of the process 
from its state of statistical control. Some 
statisticians do not favor designating 
specifications on a control chart, because 
specification limits represent the “voice 
of the customer” (or regulator) while 
the control limits represent the “voice 
of the process”. In contrast, regulations 
(1,2,11,12) call for applying a risk-based 
approach, and this implies paying atten-
tion also to the process capability, hence 
to the specification limits as well. For in-
stance, a well-behaved process under sta-
tistical control that has a 3-sigma control 
limit close to an upper specification limit 
is nevertheless considered by a regulator 
to be a risky process. The regulatory ap-
proach considers simultaneously both 
the state of control and the capability of a 
process, which again reflects a pragmatic 
approach to the overall monitoring of a 
manufacturing process. Figure 7 illus-
trates how manufacturers can integrate 
the SPC into their practice. The upper 
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Figure 6: Xbar-R control chart of grouped microbial counts (cfu/m3) from 
Figure 5. Each subgroup is an average of 4 sampling locations in the room. 
Twenty-five data points are flagged as beyond-limit events.
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control chart depicts the classical SPC approach with a 2-sigma 
limit as a warning limit and the 3-sigma limit as an upper con-
trol limit (UCL). The specification is not shown. When estab-
lishing alert and action levels, manufacturers may establish a 
two- or three-tier approach (13). Some manufactures may adopt 
a three-tier approach whereby the 2-sigma limit becomes an 
alert limit, the UCL is an action limit, and a specification (for 
individual data) is added to the chart. Others adopt the simpler 
two-tier approach whereby the 2-sigma limit is ignored, the 
UCL becomes an alert limit, and the specification/regulatory 
limit is an action limit. The two-tier approach is often applied 
in monitoring environmental counts of microbes and particles 
in classified cleanrooms. 

Conclusion
Real-life data of pharmaceutical and microbial counts in 
classified rooms were shown to confirm that the four fun-
damental requirements of conventional Shewhart control 
charts—randomness, independence, constant average, and 
variation—are often not met. Furthermore, process data are 
often shown to be non-normal. Under these conditions, pro-
cess deviations along with a considerable number of false be-
yond-3-sigma limits are detected with Nelson rules. Adopting 
a pragmatic approach aimed at relaxing the conventional SPC 
rules requires the correct interpretation of state of control in 
the context of the pharmaceutical industry.  
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have a clearly defined process for 
stability, explains Anna Thabit-Jones, 
stability manager, PCI Pharma Ser-
vices. To set up and manage a stability 
study, a detailed protocol is essential. 

Nieuwenhuizen also notes that hav-
ing a robust stability program is an 
essential practice for stability testing 
and shelf life. In addition, companies 
should have a scheduling system in 
place with adherence to testing the 
allocated time points within the study. 
There are many examples of compa-
nies receiving a regulatory citation 
for not having their stability program 
organized how it should be, Nieuwen-
huizen adds.

According to Vengurlekar, all com-
panies should follow the International 
Council for Harmonisation (ICH) 
guidelines to design a proper stability 
program and testing intervals. 

Anis H. Khimani, PhD, senior strat-
egy leader, pharma development, life 
science, PerkinElmer adds, “ICH Q1E 
guideline provides recommendations 
on how to use stability data generated 
in accordance with the principles de-
tailed in the ICH guideline, Q1A(R2) 
Stability Testing of New Drug Sub-
stances and Products, to propose a 
retest period or shelf life in a regis-
tration application.”

For recommendations on the set-
ting and justification of acceptance 
criteria, reference ICH Q6A and Q6B, 
Khimani specif ies, whereas ICH 
Q1D is for the use of full- versus re-
duced-design studies.

Both small and large pharma orga-
nizations should consider addressing 
the critical quality attributes (CQAs), 
continues Khimani. CQAs could have 
an impact on purity, potency, drug re-
lease, stability, and safety. But for both 
small-molecule and biologic drugs, a 
quality assurance review of protocols 
and establishment of methods and 
validation should be done. Khimani 
also confirms that a typical study can 
last up to two years based on the stor-
age conditions and expected shelf life.

“A consistent and appropriate main-
tenance/calibration program for the 
stability chambers is also essential,” 

T he purpose of stability testing 
programs is to ensure a drug 
product’s safety and efficacy 

remains within its specifications 
throughout the shelf-life. To develop 
suitable analytical methods to detect 
and quantify degradation products, 
drug manufacturers should conduct 
forced-degradation studies.

“Conduct proper analytical method 
development by understanding the 
drug substance degradation path-
way,” says Shailesh Vengurlekar, SVP, 
quality and regulatory affairs, LGM 
Pharma. “Use validated stability-indi-
cating test methods to perform testing 
at the scheduled time period.”

Stability programs and their prac-
tices can vary widely. These differ-
ences become more intricate when 
comparing stability testing of small 

molecules versus biologic drugs and 
how it impacts shelf life. 

“A larger company that manufac-
tures multiple products and batches 
must manage numerous stability 
studies with many more samples to 
analyze,” says Patrick Nieuwenhui-
zen, senior manager consultant, Phar-
maLex. “It can be more challenging 
to manage the volume of samples and 
testing compared to a smaller com-
pany with fewer products and fewer 
studies. Hence, you see larger com-
panies are making more use of inte-
grated software programs that can 
manage multiple stability studies.”

Regardless of company size, there 
are essential practices for stability 
testing that all companies should im-
plement. From study design to test-
ing completion, all companies should 

Although stability testing programs for 
small-molecule drugs and biologics are often 
perceived as similar, stability programs for 
biologics are far more complex.

Determining Shelf Life: 
Reading the Stability 
Testing Data
Meg Rivers

Analytics



Sign up for our 
eNewsletters

Get the latest news, research, and trends in the pharmaceutical 
industry delivered straight to your inbox by signing up.

Subscribe at PharmTech.com

Pharma Knowledge Resources 
Build your pharma development and manufacturing knowledge 
base with the latest whitepapers, application notes, posters, and 
other educational resources from bio/pharma industry suppliers.

ePT
Critical information on industry trends, new technologies, the 
regulatory arena, recent contract awards, company mergers and 
acquisitions, and news of interest to a highly desired community 
of pharmaceutical development and manufacturing professionals.

First Look
Previews the latest issue of Pharmaceutical Technology with 
links to online content and the digital edition of the magazine.

Equipment & Processing Report 
Focuses on pharmaceutical manufacturing process and 
technology, providing manufacturing news, related regulatory 
issues, and current trends.

In the Lab
Articles and timely insights on the vital research and quality 
functions performed in bio/pharmaceutical laboratories. 

https://www.pharmtech.com/


50    Pharmaceutical Technology OCTOBER 2021  PharmTech .com

Thabit-Jones adds. “If you can’t trust 
your chambers to be working cor-
rectly and operating at the required 
temperature and humidity, then you 
can’t trust the data generated for any 
products stored. Depending on the 
size of the company’s stability pro-
gram, effective sample inventory is 
also key to maintaining sample in-
tegrity. Testing should be conducted 
as soon as possible following the re-
moval of the samples from the sta-
bility chamber. This is particularly 
important at the earlier time-points 
and for accelerated conditions, as you 
want to capture the product stability 
at that point. Further degradation can 
occur over time.”

Stability testing for small-molecule 
vs. biologic drugs
Although there are similarities in sta-
bility testing between small-molecule 
drugs and biologics, there are distinct 
differences as well.

“Issues associated with instability 
are potentially more significant and 
perhaps more likely to be observed 
with biologics than their small-mole-
cule counterparts,” says Vengurlekar. 

“Biologics have a tendency to aggregate 
and are prone to degradation. Thus, 
the methods to accurately quantitate 
drug substance degradation differs 
between small-molecule and biologic 
drugs. To monitor various degradants 
from biologics, typically, analytical 
techniques such as Fourier-transform 
infrared, nuclear magnetic resonance, 
chromatography, mass spectrometry, 
and electrophoresis are used.”

Furthermore, stability tests are 
performed under controlled condi-
tions (temperature and humidity) that 
match how the drug will be stored, 
which differ for small-molecule drugs 
and biologics. 

“For small molecules, those condi-
tions are typically set for 25 °C and 
60% relative humidity,” says Arvind 
Srivastava, PhD, technical fel low, 
Avantor. “However, biologics may 
be lyophilized or stored as a liquid, 
and the more common condition is 
refrigerated at 2–8 °C. Humidity con-
trol is not generally required for bio-
logics, but it may include additional 
conditions such as the orientation of 
the stored drug (upright or inverted). 
Agitation may also be applied be-
cause biologics can be sensitive to 
shear stress. Analytical techniques to 
monitor simple physical tests such as 
appearance, osmolality, particulates, 
and pH are usually the same for both 
small-molecule drugs and biologics. 
However, the technology utilized for 
purity and degradation products can 
be substantially different.”

In addition to storage conditions, 
CQAs for biologics must also focus 
on cell culture and production pro-
cess parameters to ascertain the sta-
bility of the product along the entire 
workf low, states Khimani. Whereas, 
for small molecules, stability evalua-
tion can be less complex.

Andrew Hanneman, PhD, scientific 
advisor, mass spectrometry laboratory 
at Charles River, adds, “In the devel-
opment of biologics, specifically, an 
essential practice is the use of intelli-
gent molecular design to avoid labile 
amino acids/sites in or around the 
protein’s active binding sites when 
practical. It is also important to initi-
ate forced degradation investigations 
to support stability programs early on, 
even if they are not part of the formal 
stability program.”

Misconceptions of stability testing: 
small-molecule vs. biologic drugs
One of the biggest misconceptions 
in stability testing—especially for 
late clinical or commercial prod-
ucts—is that the stability tests will 
produce a clear trend, notes Thab-
it-Jones, which is f lat, increasing, or 
decreasing over time. However, some 
products may produce variable data 
points at each testing time-point and 

may not produce a clear trend until 
much later in the study.

“This makes it difficult to assess the 
likelihood of meeting the required 
shelf-life early on, and a deeper review 
of historical data can be required to 
support conclusions,” Thabit-Jones 
continues. “In addition, stability test-
ing can sometimes be an ‘afterthought’ 
for some companies, but it is critical 
to collect data about product stability 
early on. The more data available, the 
easier it is to assess and investigate 
data that may be out of specification, 
out of trend, or out of expectation at 
later stages in the product lifecycle.”

Another misconception is that sta-
bility testing is routine. While the 
testing techniques themselves are 
routine, every study is different and 
requires different testing, time-points, 
conditions, and f inal assessment, 
Thabit-Jones adds.

Although some people may perceive 
stability testing programs as similar for 
small-molecule drugs and biologics, 
stability programs for biologics are far 
more complex, confirms Srivastava. 

“This is due to the complexity,  
degradation pathway, and mecha-
nism of action differences between 
the two drug modalities,” Srivastava  
continues. “The degradation mech-
anism for small-molecule drugs is 
simple, typically involving hydroly-
sis and oxidation. Biologics, in com-
parison, can undergo a variety of 
physical and chemical degradation 
mechanisms, including unfolding, 
aggregation, fragmentat ion, sur-
face absorption, particulate oxida-
tion, deamidation, hydrolysis, and 
disulf ide exchange. Additionally, 
the potency can be extrapolated from 
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Stability 
programs and 
their practices can 
vary widely.

One of the biggest 
misconceptions 
is that stability 
testing is routine.
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quality standards for sanitizer ingre-
dients 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 con-
tamination. Methanol, or wood alco-
hol, is a substance that can be toxic 
when absorbed through the skin and 
can be life-threatening when inad-
vertently 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 stakeholders to update 
USP monographs for Alcohol and De-
hydrated Alcohol in the United States 
Pharmacopeia—National Formulary 
(USP–NF) to include a specific iden-
tification test to detect and control 
methanol contaminants. Using the Ac-
celerated Revision Process, USP posted 
these revisions on Aug. 17, 2020, which 
then became official on Sept. 1, 2020. 
USP and FDA worked together to com-
municate these changes to stakehold-
ers.  A virtual open forum was held 
with panelists from USP, FDA, and in-
dustry on regulatory and compendial 
requirements for producing alcohol 
used in drug products. USP also held 
global seminars on helping to ensure 
quality alcohol-based hand sanitizer 
production and safe use. The seminars 
were tailored to meet the needs of man-
ufacturers and healthcare practitioners 
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 of-
ficial 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 mobi-
lized efforts to help get shots in arms by 

P atient and consumer trust in med-
icines and public confidence in 
their quality and availability are 

critical for positive health outcomes. 
When systems for safeguarding medi-
cines are weakened, public trust erodes. 

Emerging public health challenges—
including global vaccinations to stop 
the spread of COVID-19, proliferation 
of substandard and falsified medi-
cines amid demand surges, and the 
detection of potentially cancer-caus-
ing nitrosamine impurities in some 
commonly-used medicines—have 
underscored the need for agility in 
maintaining the quality and consis-
tency of medicines. 

The US Pharmacopeia (USP) con-
tinues to build trust in medicines by 
creating scientific standards, tools, and 
solutions 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 contami-
nation. In 2020, the demand for alco-
hol-based hand sanitizers had sur-
passed its supply due to the rapidly 
evolving COVID-19 pandemic. As 
shortages of hand sanitizer became 
widely reported, compounding phar-
macists and non-traditional manu-
facturers, including distillers, began 
making alcohol-based hand sanitizer 
for the public. USP scientists and other 
experts came together to develop a 
hand sanitizer toolkit that included 

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

Public Trust in Medicine 
Quality as Public Health 
Challenges Emerge
Jaap Venema and Jennifer Devine

Jaap Venema, PhD, is Executive Vice 
President and Chief Science Officer, 
and Jennifer Devine, JD, is Senior 
Vice President, Documentary Standards 
and Compendial Policy, both at US 
Pharmacopeia (USP).
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developing resources for the healthcare 
practitioner community. USP’s COVID-
19 Vaccine Handling Toolkit addressed 
operational considerations for healthcare 
workers administering vaccines and po-
tential efficiency gaps at mass vaccination 
clinics across the US. Developed by doz-
ens of experts from multiple disciplines 
and areas of practice—including health-
care practitioners, FDA, and the Centers 
for Disease Control and Prevention—the 
toolkit helps practitioners safely and effi-
ciently prepare and transport the Mod-
erna, Pfizer-BioNTech, and Johnson & 
Johnson/Janssen vaccines while also en-
suring 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 million 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 Inter-
national 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 vac-
cines used internationally. It highlights 
operational considerations about vac-
cine preparation, transport, and han-
dling unique to geographies 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 inequitable 
global distribution of COVID-19 vac-
cines, 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 immuniza-
tion 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 de-
velop 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 quality 
attributes of vaccines, USP created tool-
kits to help users navigate relevant doc-
umentary 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 in-
formation to support development and 
validation of analytical tests commonly 
used to help ensure the quality of vac-
cines. 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, con-
cerns about the global medicine supply 
chain had already been raised when un-
acceptable levels of a potentially-cancer 
causing nitrosamine impurity was found 
in the blood pressure medicine, valsartan. 
Extensive investigations determined that 
nitrosamines were caused by a change in 
the manufacturing process that had been 
made to improve product yield. 

Nitrosamines can arise throughout 
the drug manufacturing process, in-
cluding synthesis, purification, formula-
tion, packaging, and storage. Even small 
changes to manufacturing processes can 
introduce new or changing levels of im-
purities. They can be introduced in raw 
materials, solvents, or result from prod-
uct degradation. With so many possible 
sources for nitrosamine impurities, man-
ufacturers should establish control strat-
egies 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 levels. This 

work has been advanced by USP’s com-
mittee of volunteer experts comprised of 
industry scientists, global regulators, and 
other stakeholders with expertise in man-
ufacturing and organic impurities. Tak-
ing a multi-pronged approach, USP has 
developed nitrosamine reference stan-
dards, a general chapter on nitrosamine 
impurities, and other resources and in-
formation that support manufacturers as 
they take proactive measures to prevent 
exposing patients to potentially harmful 
nitrosamine impurities.

USP General Chapter <1469> Nitrosa-
mine Impurities was published in USP–
NF in June 2021 and becomes official on 
Dec. 1, 2021. The general chapter identi-
fies possible sources of nitrosamines in 
drug products, their components, and 
their manufacturing process, along with 
the risks associated with each source. The 
general chapter provides recommenda-
tions on nitrosamines risk assessment 
and the development of detection and 
control strategies. If manufacturers de-
tect 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 Stan-
dards can be used by manufacturers as 
controls to test against their own materi-
als. USP’s general chapter includes meth-
ods for using the nitrosamine 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 assess-
ments 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 Nitro-
samines Exchange—a new online com-
munity focused on nitrosamines risk 
assessment. Nitrosamines Exchange is a 
dynamic forum for members of the phar-
maceutical community to come together 
and exchange ideas, share insights, and 
learn from one another about the science 
of nitrosamines and the development of 
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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 quality 
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 manufactur-
ing is as important as sourcing the ma-
terial 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 qual-
ity, manufacturers must be able to 
ensure and maintain raw material 
quality in complex materials like cell 
culture media used to make many pro-

tein-based therapies. The key is care-
fully 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 practices, including 
risk-based approaches, sample con-
siderations, commonly used methods 
based on inductively coupled plasma 
techniques, and common isobaric and 
polyatomic interferences. The new 
chapter proposal 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 medicine 
quality and patient safety. USP con-
tinues to develop and refine scientific 
solutions and tools that promote the 
availability and reliability of quality 
medicines so that public trust in med-
icines is preserved. 

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

References
1. Number of Pfizer doses administered 

to date (As of July 12, 2021) (https://
c ov id .c d c . gov/c ov id- d at a-t r a c k-
er/#vaccinations) minus number of 
Pizer doses administered at t ime 
Toolkit was released (Jan 24, 2021)  
( ht t p s : //w w w.c d c . gov/ v a c c i ne s /
ac ip/meet i ngs/dow n load s/s l ides-
2021-01/06-COVID-Shimabukuro.
pd f ?f bcl id=IwA R1t iGCl DCEgcU-
ja 3SBJoU6n i n Iw pHa r QWy a 97 D -
nAL7omB2z4y_nqN7CYEk) equals 
number doses of Pfizer administered 
since Toolkit was released.  Divided 
by 1 dose per via l prevented from 
wasting with USP guidance (1 dose 
per 6 doses in a vial) (source: USP 
COVID-19 Vaccine Handling Tool-
kit) equals estimated # of doses USP 
prevented from wasting.                         

2. WHO, Operational Tool for Efficient 
and Effective Lot Release of SARS-
CoV-2 (Covid-19) Vaccines version 1: 
20 January 2021. PT

the purity test for small molecules; but 
for biologics, a specific potency assay 
is mandatory in addition to a purity 
test.”

However, Nieuwenhuizen shares 
another perspective. As small mole-
cules are better known, more stable, 
and less difficult to characterize than 
biologic drugs, it is a misconception 
that it would be easier to manage 
stability studies for small molecules, 
as the assays would be simpler for 
small-molecule drugs, Nieuwenhui-
zen explains. These assays for small 
molecules could be as complex as for 
biologics.

Providing an example for the com-
plexity of assays for small molecules, 
Nieuwenhuizen says, “Potency assays 
for biologics [determine] the strength 
or assay in small molecules, in par-
ticular when the product is an anti-
body–drug conjugate (ADC), which is 
a combination of a [monoclonal anti-
body] coupled to a cytotoxic agent.”

Utilizing stability testing  
data to ensure shelf life
How can drug manufacturers uti-
l ize a l l this stabi lity testing data 
to ensure shelf life, and how soon 
should this data be collected? Ac-
cording to Thabit-Jones, stability 
data should be collected early on. 
The data should ideally guide prod-
uct formulation and long-term stor-
age.

“Trending and monitoring data 
at each time-point is essentia l to 
ge t  a  t horou g h u nders t a nd i ng 
of how the product behaves over 
t ime. Companies should use this 
data to identif y clear trends and 
understand what is unstable about 
the product ,” Thabit-Jones says. 
“This may result in adjustments to 
the formulation to reduce the rate 
of degradation or allow storage at 
lower temperatures. The packaging 
type may also need to be reviewed 
where signif icant water intake is 
observed over time. Profile disso-
lutions will help in understanding 

delivery of the tablet/capsules once 
ingested and can guide adjustments 
in manufacture.”

Stabi l it y  data ca n be used to 
monitor unintended drif t in the 
manufacturing process, according 
to Srivastava. Early detection and 
corrective action can lead to a drug 
manufacturing process that facili-
tates a stable shelf-life. 

“The quality and stability of raw 
materials and excipients also play 
a critical role on the stability and 
shelf-life of drug products,” Srivas-
tava continues. “Smal l molecule 
and biologics manufacturers can 
work with their raw material sup-
pliers to access stability data to as-
sist with designing products with a 
stable shelf-life.”

Srivastava adds, “For both small 
and large molecules , par tnering 
early on with trusted raw materials 
and excipients suppliers can help 
ensure quality and consistency of 
raw materials throughout the drug 
manufacturing process.” PT 
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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 experi-

enced people to carry out the operations, special equip-

ment, and cleaning procedures, and constant environmental 

monitoring even when the manufacturing area is not in use. The 

risk to the product 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. PT
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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 ineffective when 

subjected to the harsh conditions of terminal sterilization. Aseptic 

process manufacturing 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 ter-

minal sterilization is when the sterilization step occurs in 

the process. In terminal sterilization, the sterilization is performed 

after the API, excipients, containers, 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 ter-

minal sterilization, manufacturers employ aseptic manufacturing. 

The aseptic manufacturing process requires the drug product 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 environment constantly monitored for air quality 

and potential microbial ingress.

Q.Why must manufacturers establish environmental controls 

for aseptic processes?  

A.Let’s be clear, all drug manufacturing, including solid oral 

dosage form and terminal sterilization manufacturing are 

required to have established environmental controls. This require-

ment is addressed in global current good manufacturing practices 

(cGMPs). The purpose of these controls is to prevent product 

contamination due to insanitary conditions. The environmental 

controls to be monitored include, but are not necessarily limited 

to, air quality including particulate matter, ventilation, temper-

ature, 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 processing 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 manufacturing and then again after the product 

manufacturing is completed. The purpose of the pre-test is to 

ensure that the sterilization 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 2017 draft 

revision to Annex 1. While not a requirement by the U.S. FDA, EMA 

inspectors and some PIC/S inspectors have been increasingly 

expressing expectations for companies to employ this testing 

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 

microbiological contamination to pass during filtration. The key 

is that flaws may be blocked or clogged by fluid contaminants 

or components during the filtration 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 associated 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 sterilized filter must be under atmospheric pressure, 

requiring a fluid pathway to remove any wetting agent. The 

The Basics of  
Aseptic Processing 

Susan J. Schniepp, distinguished fellow at Regulatory Compliance Associates, 

answers some commonly asked questions about aseptic processing.

Contin. on page 57
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