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“When you are producing products for patients who are seeking relief from disease, anything 
other than excellence is unacceptable. Quality and trust are of the utmost importance when 

choosing a manufacturing partner. Societal CDMO’s proven manufacturing success and stellar 
quality and regulatory reputation ensure that our clients’ business objectives are met. It is a 

privilege to play a part in helping patients live longer, healthier lives.”

President and Chief Executive Officer

https://www.societalcdmo.com


https://adarepharmasolutions.com


4    Pharmaceutical Technology DECEMBER 2022  PharmTech .com

Pharmaceutical Technology is the authoritative source of peer-reviewed research 
and expert analyses for scientists, engineers, and managers engaged in process 
development, manufacturing, formulation and drug delivery, API synthesis, analytical 
technology and testing, packaging, IT, outsourcing, and regulatory compliance in the 
pharmaceutical and biotechnology industries.
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Note from the CEO

Of Mice and Men  
and Armadillos

N o matter how busy or complicated life becomes, science news can 
occasionally stop us in our tracks. Science news can be just so weird, 
or weirdly useful, that everything else recedes as we ponder whether 

it is true and what consequences it might bring.
For example, the armadillo is the only known host for the leprosy bacte-

rium other than humans. Unimpressed? What if I told you this bacterium has 
the power to convert one type of bodily tissue into another? Results from a 
recent study show that the liver nearly doubles in size in armadillos infected 
with the leprosy bacterium (1). This kind of growth on the surface looks des-
tined to be defective or even cancerous (inherent to some cell and gene ther-
apy approaches) but the livers in the infected animals were found to be both 
healthy and functional, including the full complement of blood vessels, en-
zymes, and bile ducts that would be found in a normal liver. Professor Anura 
Rambukkana, who led the study, heads a group in regenerative medicine at 
the University of Edinburgh, that for the last decade has been pioneering an 
approach around cellular reprogramming. The leprosy causing bacterium 
hijacks the plasticity of adult tissue niche Schwann cells, reprogramming 
them to modified stem cells, weirdly, to simply have more tissue to feed off. 

There may be several practical outcomes from elucidating this mechanism. 
The leprosy bacterium practices this biomolecular “alchemy” at a relatively 
slow and natural pace, largely outflanking paths typically understood to also 
promote cancer growth. Because the bacterium is doing this for reasons of 
prosecuting its plans to “infect” its host, understanding details here may well 
lead to new avenues to treat or inhibit infectious disease and related patholo-
gies such as inflammation. On his university webpage, Rambukkana states, 
“We are also studying how these reprogrammed progenitor/stem cells can be 
combined with endogenous innate immune cells with natural regenerative 
properties to promote repair processes in demyelinating neurodegenerative, 
neuromuscular, and liver diseases in varying model systems” (2). 

It feels odd to say it, but I am now genuinely looking forward to hearing 
more about what leprosy can do for us in the future. Science, or knowledge of 
how the natural world works, is full of unexpected twists and turns, heroes 
and villains, saints and sinners. If we can turn the tables and make a villain 
a hero—how wonderful will that be!

References
 1. S. Hess, et al., Cell Rep. Med. 3 (11) 100820 (2022).
 2. The University of Edinburgh, Anura Rambukkana , Profile, ed.ac.uk  
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mRNA 
Hauptbahnhof

T he combined market capitalization of the 
five companies focusing on messenger RNA 
(mRNA) platform development was approxi-

mately US$15 billion at the end of 2019 and more than 
US$300 billion as of August 2021, according to Xie et 
al. (1). While that’s staggering, in many ways its entirely understandable. 
In October 2022, I helped organize and run a high caliber event in San 
Diego, CA for “mRNA day” with TriLink BioTechnologies, to discuss 
common manufacturing, supply, and regulatory challenges relating to 
mRNA as a platform. Interspersed between the high cost of required 
enzymes, the need to be serious about how to manage DNA as a starting 
medium, and cut off points for potency assays, we devoted significant time 
and energy to discussing what benefits might accrue from establishing a 
supplier-developer consortium. 

Standards and regulatory streamlining came quickly. But during a hour-
and-a-half panel, we added the idea of a central railway station system for 
supply shortage oversight, easy access to best new publications, and cen-
tralized advocacy for staff recruitment though university and technical col-
lege classes, alongside staff training best practices generally. Because of the 
tricky intellectual property landscape and competitive commercial aspects 
involved, we all thought “consortia” might have unhelpful exclusionary con-
notations. “Alliance” or “organization” was accepted as reducing hesitancy 
instead. It was a genuine pleasure and delight to be part of this wonderful 
event.  We said heartfelt goodbyes, I took a deep breath, then headed off to 
the high-octane capaciousness of CPHI Frankfurt, and thence a deserved 
week’s holiday in Germany.

Tuning out work for a week was delightful, refreshing, and against ex-
pectation. Arriving at each new city, getting our bearings required tuning 
into WiFi at the train station (Hauptbanhof). Each and every time, a new 
message also turned up from one of the San Diego attendees. They had “been 
thinking” and wanted to share a “new suggestion” for a secondary role the 
mRNA alliance might play. When an idea follows you around the globe, 
when you feel tracked down at a train station, you know something special 
is happening. This feels like the field of proteomics 20 years ago. There is a 
real need for both consolidation and standardization of resources. It’s not 
a train we necessarily all need to get onboard immediately, but we should 
know where the central train station is located, and what it connects us to.

Reference
 1.  W. Xie, B. Chen, and J. Wong, “Evolution of the Market for mRNA Technology,” 

Nature Reviews Drug Discovery, Nature.com, Sept. 2, 2021. PT
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Versatile Low Shear 
Blending and Drying
The ROSS Vertical Blender is designed 
for reliable, gentle mixing of friable solids, 
abrasive materials, and shear-sensitive 
products. It consists of a low-speed auger 
that orbits the periphery of a conical vessel 
while gently lifting material upward. This 
agitation is intended to allow product from 
top portions of the batch to cascade to the 
bottom while blending with the material 
being drawn upwards by the auger.

The Vertical Blender is angled steeply to allow for efficient 
blending of batches as small as 10% of maximum working 
capacity while also enabling the quick discharge of the finished 
blend. It does not require bearing or packing glands in the 
product zone and is designed to promote 100% discharge. In 
addition to solid blends, the product can mix wet applications, 
such as flowable slurries and pastes. The machine can be 
jacketed for heating or cooling with water, oil, or steam.

Charles Ross & Son Company 
www.mixers.com

Double-Isolated  
Vial-Filling Machine
Steriline’s VFCM100, a vial-filling 
and capping machine equipped 
with a double-wall isolator, is a 
solution designed to increase 
contract development and  
manufacturing organization  
production capacity for 
COVID-19 vaccines. The 
machine is capable of reaching a production capacity of 
6000 pieces per hour and was specifically developed for 
injectable drugs. It is equipped with four peristaltic pumps 
to allow for infinite filling capacity and 100% check-weighing. 
The machine can handle glass vials from 2 mL to 100 mL, 
and can also handle plastic vials via a format change. 

The double-wall isolator is included to guarantee sterility 
throughout the aseptic filling process, minimizing the risk 
of product contamination. Once vials are capped, they are 
moved via conveyor belt into a printer where every cap is 
marked with the relative batch details for tracking purposes.

Steriline 
www.steriline.it

CO2-based Cleaning Jets
ACP Systems’ quattroClean snow 
jet technology is a cleanroom-
compatible cleaning process that 
is dry and uses liquid, climate-
neutral carbon dioxide (CO2). 
Upon impact with the surface 
that is to be cleaned, the four 
effects (thermal, mechanical, 
solvent, and sublimation) of the technology are designed to 
remove filmic contaminants and particles to the sub-micron 
range effectively and consistently. Additionally, because 
the crystalline CO2 sublimates completely during cleaning, 
the surfaces or parts are dry following the process.

ACP tailors the process for full-surface or partial cleaning in tests 
at companies’ technical centers based on factors such as device 
application, material properties, the type of contamination, and 
cleanliness specifications. This testing influences various process 
parameters, including volume flows for compressed air and CO2, the 
number of nozzles, the area to be jet-cleaned, and the jet time. 

During cleaning, end-to-end process monitoring is used to validate 
the cleaning via specific process parameters. Media preparation 
equipment is used to prevent cross- and re-contamination of surfaces.

ACP Systems 
www.acp-systems.com 
 
 
 

Environmental 
Control Software
Linkam Scientific Instruments’ 
NEXUS software is used 
to precisely control and 
record all aspects of heating, 
cooling, vacuum, humidity, 
and other environmental 
conditions in Linkam 
stages. NEXUS Core is the main NEXUS platform, which includes 
various specifications to enable a greater degree of experimental 
control. The software features a live display, allowing for real-
time observations, adjustments, and precise synchronization 
between samples in parallel with a real-time temperature chart.

In addition to the CORE platform, optional modules also exist. The 
NEXUS Image Capture Module, for instance, facilitates automatic 
image capture during experiments. Each image can be stamped 
with current temperature and other parameters, and the device 
also has rewind and review capabilities that can be used during live 
data recording. Other modules include the Extended Measurements 
module, the Reporting module, the Thermal Analysis by Surface 
Characterization (TASC) module, and the 21 CFR 11 compliance module.

Linkam Scientific Instruments 
www.linkam.co.uk
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regulatory watch
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Pandemic and Politics Shaped 
Pharma and FDA in 2022

T his past year has been marked 
by continued efforts to develop, 
regulate, and distribute import-

ant therapies and vaccines to treat 
lethal and rare diseases, including the 
still-dangerous COVID-19 virus. De-
spite generally high praise for biophar-
maceutical companies in advancing 
these efforts, industry was unable to 
block the adoption of price controls 
for prescription drugs, a policy that 
risks limiting research in some areas. 
At the same time, the tense political 
environment leading up to the Novem-
ber mid-term Congressional elections 
blocked agreement on many important 
legislative and regulatory initiatives 
for FDA, delaying until the very last 
moment reauthorization of critical user 
fee programs to support the agency. 
Despite the anxiety generated by that 
cliff hanger, FDA succeeded in main-
taining an efficient oversight and ap-
proval program for new and important 
therapies and issued multiple new 
guidances, renewed field inspections, 
and launched a range of initiatives to 
support public health. 

The delay in Congress renewing user 
fees for drugs, biologics, generic drugs, 
medical devices, and biosimilars ham-
pered FDA planning and put multiple 
new programs on hold. Uncertainty 

over future funding made it difficult 
to attract much-needed new staffers 
to the agency. And the need to drop 
from the fee bill a host of legislative 
proposals put in limbo important mea-
sures to strengthen FDA’s accelerated 
approval process, update regulation of 
new in-vitro diagnostics, and enhance 
FDA’s authority to regulate cosmetics. 

At the same time, the Biden admin-
istration succeeded in pushing through 
legislation to limit price increases on 
certain drugs and to authorize nego-
tiations on leading medicines covered 
by the Medicare program. While advo-
cates predict that the policy will yield 
billion-dollar savings in the years ahead 
and plan to press for curbs on high 
launch prices, biopharma companies 
claim it will discourage biotech inno-
vation in areas facing uncertain long-
term return on investment. Meanwhile, 
industry pushed back against expansion 
of the federal 340B program, which au-
thorizes steep discounts on drugs dis-
tributed to certain hospitals and clin-
ics and also joined efforts to question 
rebate and coverage practices of Phar-
macy Benefit Managers (PBMs) that 
play a key role in how drugs are covered 
and made available to patients (1). 

Modernizing R&D and production
A preferable strategy for pharma in cur-
tailing drug prices is to achieve more 
efficient and less costly clinical trials, a 
goal that has prompted a range of in-
dustry and FDA initiatives to modern-
ize biopharma research operations. The 
pandemic supported wider use of re-
mote and online systems to enroll study 

participants and oversee treatment and 
patient status, with digital technologies 
becoming more widely used for patient 
monitoring. These approaches also 
appeared effective in advancing diver-
sity among study participants, where 
remote site visits may facilitate enroll-
ment of individuals facing difficulties 
traveling to clinical sites. 

The ongoing surge in R&D for cel-
lular and gene therapies prompted a 
reorganization and expansion of FDA 
offices overseeing these products and 
efforts to clarify and update regulatory 
policies in this area. The importance of 
FDA providing individualized advice 
for these cutting-edge therapies high-
lights the critical need for the agency 
to attract experts to its staff able to 
oversee and encourage new methods 
and innovations. 

Continued shortages in both new and 
long-used drugs and medical products 
fueled FDA efforts to encourage indus-
try adoption of advanced manufacturing 
systems and support for regulatory pro-
grams designed to ensure production of 
high-quality treatments on a continual 
basis. Similarly, the expansion in innova-
tive biotech therapies and vaccines high-
lighted the importance of modern pro-
duction methods able to quickly ramp 
up production of new treatments. FDA 
continued to advance several initiatives 
to improve product quality, including 
proposals for a Quality Management 
Maturity program for drugs and bio-
logics; appropriate oversight of products 
with limited chemistry, manufacturing, 
and controls information due to expe-
dited development treatment; and wider 

Health crises, political tension, and 
budget concerns were major challenges.

Jill Wechsler
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use of smaller, mobile drug production 
methods, such as distributed and point-
of-care manufacturing. 

FDA recognized the challenges in 
overseeing these developments as it 
moved to revive field inspection oper-
ations for manufacturing facilities and 
bioresearch operations. The agency in-
dicated its intent to continue utilizing 
alternative remote inspection methods 
adopted during the pandemic based on 
the experience of inspection personnel 
in gaining needed information remotely 
on the status and compliance of sites, 

especially those with strong histories 
of meeting regulatory requirements (2). 
This shift to a dual inspection mode 
that incorporates document reviews 
and online “site visits” with real-time 
inspections is likely to become a perma-
nent part of the agency’s oversight op-
erations for manufacturers and clinical 
research operations in the United States 
and overseas. 

Managing crises
This past year was a difficult one for 
FDA Commissioner Robert Califf, who 
faced critical questioning and a long 
delay in gaining Senate confirmation to 
head the agency again after a brief time 
as commissioner in 2016. Califf came 
back to FDA with long experience in 
advancing the development and over-
sight of critical new therapies to further 
combat global pandemics and lethal 
diseases. However, the commissioner 
had to spend much time and energy on 
a host of health crises, including a seri-
ous shortage in infant formula, rising 

death rates from opioid overdoses, and 
pressure to curb marketing of vaping 
products and e-cigarettes. 

A serious challenge for Califf and 
health authorities is the continued rise 
in misinformation about coronavi-
rus medical treatments and vaccines. 
FDA and other public health agencies 
struggled to boost COVID-19 vac-
cination rates and counter anti-vac-
cine voices, while also combatting the  
promotion of untested and dangerous 

“treatments” for COVID and other seri-
ous health conditions. This anti-science 
rhetoric was a major frustration for all in-
volved and will continue to shape public 
health initiatives and FDA leadership and 
operations in the months ahead. 
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Overall industry growth conceals  
growing numbers of smaller, faster- 
paced, adaptable corporate structures.

potential machine failures and project 
delays. This has been the case for many 
years and is not expected to change 
anytime soon. 

What might be less visible surround-
ing this equipment is the emergence 
of the “junior” sized enterprise—big 
enough to have deep industry know 
how, but small enough to act deci-
sively when unmet opportunity pres-
ents itself. This development is truer 
for contract manufacturing organiza-
tions (CMOs), contract development 
and manufacturing organizations 
(CDMOs), raw material suppliers, and 
analytical tool providers, than equip-
ment manufacturers per se. But the 
trend is proliferating generally. 

Rapidly changing patient expectations 
combined with increasing biological 
complexity drives some of this trend be-
cause large-scale legacy enterprises find 
adaption an inherent challenge. The 
need for speed is obvious and can some-
times trump a strong preference to have 
only one external manufacturing partner 
who can take a project the full distance 
through approval and ahead into com-

I   t’s a useful end-of-year exercise to 
take stock of our industry—and 
more specifically the stock of the 

publicly traded companies that com-
prise what must, by now, approach $6 
trillion in stock value (Table I) (1). The 
‘From the Editor’ commentary on page 
10 of this issue, reveals that the value 
of messenger RNA (mRNA) publicly 
traded companies shot past the $300 
billion mark in a little over 12 months 
from around $15 billion in 2019 (2). 
Within the same layer of financial 
intensity sit cell and gene therapies, 
clustered regularly interspaced short 
palindromic repeats (CRISPR), and 
other gene editing approaches.

Interestingly, the lion’s share of the 
growth in value has been somewhat de-
mocratized (Figure 1) (1) since the golden 
awakening and acceleration of biotech. 
Next year, follow up on early conversa-
tions about organ-on-a-chip approaches 

will gain coverage, as these approaches 
are likely to shorten both cost horizons 
and shrink drug development timelines, 
amounting to getting better working 
drugs to market faster, with less cost 
and unintended side effects. 

Equipment conversations
On the machine side of things con-
versations at CPHI in Frankfurt made 
clear that a long standing dual tiered 
system still operates. Lower value 
more commodity-oriented products 
are produced on less expensive equip-
ment, which is less well supported by 
the original equipment manufacturers 
(OEM) and sell into a more relaxed 
regulatory environment. These types 
of OEM equipment often come from 
Asia. Higher performance, higher cost 
equipment caters to a different type of 
customer with more stringent contract 
times, with far less flexibility regarding 

Shining a Light on  
Junior Pharmaceuticals
Chris Spivey
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mercialization and distribution. Most 
companies prefer to deal with only one 
other company, if at all possible, but will 
jettison that requirement if substantial 
speed advantages are included in discus-
sions. And this is where a junior pharma 
company can often shine.  

Demand for agility
“Across various product groups, we have 
seen the demand for agile suppliers 
who can customize raw materials in a 
timely fashion. For this reason, finished  
drug manufacturers are looking to 
mid-sized organizations to supply such 
materials with the scale and quality 
standards of a large organization, but 
with the agility of a small organization.  
This level of service is critical to help 
meet their commercialization objectives 
and ensure they are first-to-market,” 
says Paul Staunton, communications 
manager at Actylis.  

When specifically discussing APIs, 
Scott Mohler, director of Business De-
velopment at Actylis, points out, “While 
many of the top pharmaceutical compa-
nies run their own operations to develop 
and manufacture the APIs for their own 
approved drugs and drug candidates, 
they only account for roughly one-third 
of all New Drug Applications (NDAs) (3). 
The trend, especially for clinical phases, 
continues to skew toward smaller bio-
pharmaceutical developers who don’t 
have the full internal teams and facilities 
to develop and manufacture their drug 
candidates. This shift has led to an in-
creased demand for outsourced R&D 
and manufacture with mid-sized organi-
zations who can help them both though 
clinical phases and full-scale manufac-
turing as quickly as possible.”  

Marching to the same drummer as 
Mohler, Marc Sauer, chief science offi-
cer, at BioVectra, comments that “many 
large CDMOs have facilities spread all 
over the globe, which can require ex-
ternal technical transfers, depend on 
a vulnerable and widespread supply 
chain, and slow down production.” 

As a very new entity ten23 health 
has been gaining both traction and 
visibility for handling an array of chal-
lenging fill finish assignments. Swiss 

business consultant Michael Petersen 
describes ten23 health as being focused 
on development and f lexible clinical 
manufacturing offering agility and 
flexibility. “They have examples of cus-
tomers receiving material within a few 
weeks after signature [through] f lexi-
ble changes in the production schedule 
based on customer requirements.” He 
continues they can be proud of “reso-
lution of unexpected observations and 
root cause investigations by inhouse ex-
perts—because the whole team is one 
purpose-driven company and not split 
up in business units and departments.”

Similarly,  Sauer goes on to highlight 
the way in which BioVectra functions, 

which is with all the facilities operating 
within the same region. “This localized 
form of operations means that all the 
facilities can share a single system for 
quality management, document con-
trol, inventory, procurement finance, 
and ERP [Enterprise Resource Plan-
ning]. Therefore, thanks to this way of 
operating, the company can decrease 
decision time and be nimble when 
moving processes from chemistry 
into biologics, or combining chemical 
synthesis with fermentation, without 
needing to adapt any of the processes 
or documentation,” Sauer specifies.

Table I. Industry breakdown of publicly traded companies (1).

Rank Sector
Public market value

($ Trillions)

1 Banks, Insurance and Finance $ 18.5

2 E-commerce + Internet Services $ 6.0

3 Pharmaceuticals (public companies only) $ 5.65

4 Software $ 4.2

5 Integrated Oil and Gas $ 3.6

6 Technology Hardware $ 2.9

7 Semiconductors $ 2.4

8 Electric Utilities $ 2.4

9 Integrated Telecom Providers $ 2.2

10 Automobile Manufacturers $ 2.0

Note: This table shows the aggregate market value of all publicly-traded global companies by  
S&P market group in the world’s top 20,000 traded companies by market as of September 6, 2020.

Source: S&P CapitallQ, Torreya analysis.

Figure 1. Changing nature of composition of pharmaceutical industry (1).
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FAST-ACTING IBUPROFEN:  
A WAY TO DIVERSIFY YOUR PAINKILLER PORTFOLIO

After its discovery in 1961 by Dr. Stewart Adams and chemist John Nicholson, ibuprofen has become one of the most common 
painkillers used today. With a global market of $8.1 billion in 2022, this analgesic can be found in the cupboards, pockets, and purses 
of billions worldwide. However, the commoditization of ibuprofen also means that competition in the market is fierce, as generics 
compete with brand names, and brand managers seek new ways to differentiate their products from their competitors. Therefore, 
one of the most common questions we get from customers is, “How can we stand out in the ibuprofen market?” To answer this 
question, we consulted our technical experts, Joao Marcos Assis, Global Technical Marketing Manager, and Thorsten Cech, EU 
Application Lab Team Leader, to find the answers: 

Q. Ibuprofen, being a commoditized drug, has a large and competitive market. What are some ways drug manufacturers 
can diversify their portfolios?  

A. There is no question that competition in standard ibuprofen is fierce; however, one way drug manufacturers can beat the 
competition is by diversifying their portfolio to include products in the specialty ibuprofen market—especially with fast-acting 
ibuprofen. Fewer players in this market means more opportunities to innovate and diversify. 

Q. What is fast-acting ibuprofen? 
A. Fast-acting ibuprofen grades are salt forms of regular ibuprofen that are more water soluble than their standard 

counterparts. Standard ibuprofen exists as an organic molecule with poor water solubility, which means uptake into the body and 
pain relief can be slow. However, ibuprofen can also be converted into two types of ibuprofen salts: inorganic salts and amino acid 
salts. The former consists of ibuprofen paired with a metal—commonly sodium or potassium. The latter is similar except ibuprofen 
is paired with an amino acid like lysine or arginine. 

Q. How does fast-acting ibuprofen work? How is it different from standard ibuprofen?
A. Ibuprofen salts are much more water-soluble than standard ibuprofen and, as a result, are absorbed faster and can 

provide pain relief more quickly. For example, racemic ibuprofen lysinate is a fast-acting ibuprofen salt formulated with lysine. 
In a review of clinical studies, the solubility of standard ibuprofen in distilled water is reported to be less than 0.1%; in contrast, 
the solubility of ibuprofen lysinate is approximately 17% (1). Similar results can be seen for ibuprofen sodium dihydrate, a 
sodium salt of ibuprofen. In-vitro studies showed that this API dissolved more rapidly than its standard counterpart in various 
buffers (2). Consequentially, the uptake of these fast-acting salts is also faster in the human body, resulting in quicker pain relief 
(3). According to the literature, pain intensity was reduced to half after 30 minutes for ibuprofen sodium dihydrate compared to 
57 minutes for standard ibuprofen (3).

Q. Is fast-acting ibuprofen effective? Where is it currently sold? 
A. With primary markets in Europe, fast-acting ibuprofen has been especially successful in Germany and the United Kingdom. 

Drug manufacturers have created formulations with these ibuprofen salts that target specific pains such as a headaches and 
menstrual cramps. Some companies claim that their fast-acting ibuprofen tablets can act twice as fast as their standard ibuprofen 
tablets (4). Others claim that their fast-acting products can offer pain 
relief in 15 minutes (5). The success these products experience in Europe 
indicates that there are consumers in the ibuprofen market who are 
willing to pay a premium for faster pain relief. 
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2. F. Sörgel, et al., Int. J. Clin. Pharmacol. Ther., 43 (3) 140–149 (2005).
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Furthermore, Sauer stresses that the 
entirety of the company’s increase in 
size has stemmed from organic growth, 
without acquisition of target compa-
nies as a path to business growth, one 
of the typical means through which 
big companies just keep getting big-
ger.  “Over the 50 years since we first  
started manufacturing small mole-
cules and enzymes for diagnostic re-
agents, we have steadily grown into 
new markets, including complex chem-
ical synthesis, the production of highly 
potent APIs and PEGylation reagents, 
microbial fermentation of biologic 
drug substances, and drug product  
manufacturing capability. For more 

than 20 years we have been capable 
of all the upstream and downstream 
processing requirements and the pu-
rification of biologic drug substances. 
Our clients are pleasantly surprised, 
for example, when we onboard them 
for a large molecule fermentation, and 
they learn that we also have extensive 
chemical synthesis capabilities. They 
realize that we can make custom 
mPEGs and linkers for conjugation 
with their biologic, we can ferment 
small molecule metabolites for their 
process, or we can synthesize lipids 
for their lipid nanoparticles—all using 
GMP,” says Sauer.

A similar account about the state of 
the market is pointed to by Gearoid 
O’Rourke, VP of Global Marketing, 

Actylis. “In the biologics market, with 
high demand for critical raw materi-
als with low impurity levels, there is a 
need for mid-sized organizations to fill 
the void that currently exists for such 
products,” he states.  

O’Rourke reveals that for biophar-
maceutical applications it is common 
to find that many of the existing prod-
uct monographs require additional 
endotoxin and bioburden testing be 
performed. “Many such [large-mol-
ecule] products are used in smaller 
quantities than with small-molecules, 
thus the need for alternative mid-size 
manufacturers with the capability to 
GMP-manufacture in specific pack-
aging formats with additional testing 
requirements,” he says. 

“There is also a trend for outsourcing 
of downstream buffers, where there is 
a large number of buffers required for 
one finished drug product,” O’Rourke 
continues. “Some buffers will be large 
volume, but some will be quite small 
and may not fit a large manufacturer’s 
business/profitability strategy.” 

Summary
Instead of the traditional role of pro-
ducing large amounts of drug product 
for one-size-fits-all medications, many 
biologic drugs, for example, require 
smaller doses for a limited number of 
patients or even a single patient. These 
drugs need to be made and shipped 
much more quickly because the turn-
around from diagnosis to treatment 
is measured in weeks, not the usual 
months. Now, modalities are calling 
for entirely new skill sets, the types of 
skills and organizational structure that 
allow performance at junior pharma-
ceuticals to shine. 
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Pharmaceutical Technology’s Drug Solutions podcast features conversations with industry experts from 
across the pharmaceutical and biopharmaceutical supply chain. Experts share insights into your biggest 
questions—from the technologies, to strategies, to regulations related to the development and manu-
facture of drug products.

In “Novel Excipients in Drug Development,” Felicity Thomas, European/Senior Editor, talks to Ana 
Ladino, Ashland’s Global Director—Regulatory Affairs, about the role of novel excipients in drug 
development. Ana highlights the importance of novel excipients in the advancing drug development 
pipeline, gives an overview of FDA’s Center for Drug Evaluation and Research’s pilot review program, 
discusses potential changes to regulatory approaches in other regions, and provides an overview of 
best practices for companies to follow when dealing with novel excipients.

Novel Excipients in Drug Development
October 18, 2022
Visit PharmTech.com to listen to the podcast.

Drug Solutions Podcast: Novel Excipients in Drug Development
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The dif ferent types of nucleo-
tide-based therapeutics can be broadly 
classified by the type of nucleic acid, 
Mochayedi continues, such as those 
with DNA or RNA as a basis. Alterna-
tively, they can be differentiated by their 
functional design, which determines 
the mode of action. “One can cite DNA-
based adeno-associated virus (AAV) 
vectors for gene delivery, antisense oli-
gonucleotides (ASOs), small-interfering 
RNAs (siRNAs) for gene expression dis-
ruption, and most recently, mRNA to 
express a protein of interest such as for 
immunization purposes, as the success-
ful mRNA-based COVID-19 vaccines 
have demonstrated,” he explains.

mRNA instability  
particularly challenging
DNA-based oligonucleotide drug sub-
stances, such as AAV vectors and plas-
mid DNA, share the relatively stable 
characteristics of DNA, Mochayedi notes. 
The stability of shorter chemically syn-
thesized RNAs such as ASOs and siRNA 
can be improved through chemical mod-
ifications during synthesis. Particularly 
long biologically synthesized mRNA 
molecules, however, are inherently un-
stable, and thus require additional man-
agement during manufacturing. 

All nucleic acid-based platforms, how-
ever, must be formulated using delivery 
technologies that protect the therapeutic 
from degradation. Unique solutions such 
as LNPs help ensure stability in the pa-
tient setting, API stability and, ultimately, 
the efficacy of the therapeutic approach.

There are several reasons why mRNA 
is inherently unstable. The physiochem-
ical properties of single-stranded 
mRNA molecules that lead to their 
instability include their very large 
size, high negative charge, sensitivity 
to rapid degradation by omnipresent 
enzymes such as endonucleases, shear 
sensitivity, and high viscosity through 
the formation of secondary structures 
in solution, according to Mochayedi.

Manufacturing strategies  
for managing mRNA instability
One of the main culprits causing  
mRNA degradation is the enzyme RNase. 

O ligonucleotide drug substances 
generally are unstable at room 
temperature, and some are also 

degraded in the presence of certain 
enzymes. That is why, in part, they 
are formulated using special delivery 
solutions such as lipid nanoparticles 
(LNPs). (These delivery technologies 
also facilitate entry of nucleotide APIs 
into target cells.) Degradation can 
occur via loss of terminal nucleotides 
or certain functional groups, oxidation, 
and other mechanisms. Oligonucle-
otide–oligonucleotide interactions that 

can occur at higher concentrations are 
an added concern. These instability 
issues must be managed throughout 
the entire manufacturing process. 

The challenges are particularly great 
for messenger RNA (mRNA), which 
can be degraded by enzymes found 
commonly in the environment, tem-
perature, and due to the overall shear 
sensitivity of the long-chained molecule.

Variety of oligonucleotide  
drug substances
The landscape of nucleotide-based ther-
apeutics is based on more than half a 
century of research and development 
in these modalities, according to Julian 
Mochayedi, strategic marketing man-
ager for mRNA solutions with Milli-
poreSigma, the Life Science business 
of Merck KGaA, Darmstadt, Germany. 
This knowledge translates to the clinic 
and beyond, with several approved ther-
apeutic products on the market. 

Unique solutions are required to protect 
inherently unstable messenger RNA.

Cynthia A. Challener, PhD has been a 
freelance technical writer for over 20 years, 
leveraging her education from Stanford 
University (BS) and University of Chicago 
(PhD) and 10+ years of industry experience. 
She currently focuses on pharma/
biopharma topics, writing technical articles, 
white papers, blogs, and other content for a 
variety of clients in addition to contributing 
regularly to BioPharm International and 
Pharmaceutical Technology. 

Managing mRNA 
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Formulation, 
Manufacturing,  
and Shipment
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Avoiding it is difficult, however, because 
this enzyme is ubiquitous. “It is very 
difficult for mRNA to move freely in 
the environment,” Christian Cobaugh, 
CEO and founder of Vernal Biosciences, 
comments. “Extreme precautions must 
therefore be taken to avoid introducing 
this enzyme into manufacturing spaces 
or enclosures,” he stresses. This issue can 
often, he notes, be a barrier to entry into 
the mRNA market for laboratories not 
experienced in mRNA production.

Use of qualified processes, including 
sterile single-use technology, should be 
applied to mitigate contamination and 
carryover of endonucleases, Mochayedi 
says. Liberal use of RNase degrading 
chemicals for cleaning equipment sur-
faces, operator gloves, and so on is also 
essential, Cobaugh adds. 

The instability of mRNA at room tem-
perature creates further challenges, as 
the time available for holding generated 
mRNA sequences at room temperature 
is fairly restricted, according to Cobaugh. 
The drug substance must be moved 
seamlessly to downstream purification 
and formulation or quickly frozen. 

“The choice of adopting a seamless 
manufacturing approach or having 
unit operations separated by controlled 
freezing and subsequent thawing steps 
must be considered early on, as the de-
cision will impact the design and op-
eration of the mRNA manufacturing 
facility, and once implemented, that 

design will essentially be locked in,” 
Cobaugh contends.

“Ideally, it is best to limit the number 
of freezing and thaw steps, as they can 
impact the quality of the mRNA drug 
substance and formulated mRNA-LNP 
products,” Cobaugh adds. Furthermore, 
gentle techniques must be employed. 
Continuous movement of the mRNA 
drug substance to purification and then 
LNP formulation avoids all but the final 
freezing step. “It is possible, though, with 
the right engineering solutions and vali-
dation procedures to surmount the chal-
lenges presented by either approach to 
mRNA manufacturing,” he concludes.

In addition, stringent optimiza-
tion of reaction conditions and the 
process parameters for key unit oper-
ations, such as the synthesis step (in 
vitro transcription) and filtration (via 
tangential-f low filtration), can over-
come viscosity challenges and ensure 
low shear during processing to main-
tain the stability of the mRNA at each 
stage of the manufacturing process, 
Mochayedi remarks. “Bespoke pro-
cess development and optimization 
are necessary for each unique mRNA 
sequence to address and overcome the 
highlighted challenges,” he concludes.

Minimizing formulation time
While the concept of leveraging mRNA 
for the prevention or treatment of var-
ious diseases is straightforward, the 

safe and effective delivery of these 
fragile nucleic acids into cells where 
their message can be translated into 
proteins has proved to be a huge chal-
lenge, Mochayedi observes. “For the 
COVID-19 mRNA vaccines, the solu-
tion to this problem came through the 
development of LNPs. These particles, 
typically composed of four different 
lipids (ionizable lipids whose positive 
charges bind to the negatively charged 
backbone of mRNA, pegylated lipids 
that help stabilize the particle, and 
phospholipids and cholesterol mole-
cules that contribute to the particle’s 
structure), provide a protective bubble 
for the delicate mRNA molecules, en-
abling their safe and efficient delivery 
into cells,” he explains. 

The structure of the nucleotide API 
has a strong impact on the selection of 
the excipients for the formulation. The 
manufacturing process must, in addi-
tion, be highly controlled. “The buffer 
solution containing the mRNA drug 
substance used to produce the LNPs is of 
low pH (typically aqueous sodium citrate) 
that places additional stress on the nu-
cleotide’s stability, leading to even more 
rapid breakdown than occurs at neutral 
or slightly basic pH,” Cobaugh says. 

A low pH of approximately 4.5 is 
needed to ionize the mRNA so that it 
forms nanoprecipitates with the lip-
ids. The use of stabilizing process aids 
is, Cobaugh adds, generally avoided 
because they would interfere with the 
ionization of the mRNA and could also 
potentially end up in the product. Most 
molecules that would stabilize mRNA 
against pH-mediated degradation 
would, furthermore, likely be hazard-
ous chemicals.

The key to successful LNP produc-
tion, therefore, is minimization of the 
time required for the LNP manufactur-
ing process. That, Cobaugh emphasizes,  
requires extensive understanding of  
the process from a quality-by-design 
basis combined with thorough process 
validation. “It is absolutely essential to 
have a deep awareness of what levers 
can be pulled from both process and  

Contin. on page 27

Key trends that are predicted to be impactful 
upon pharmaceutical formulation development 
in the future are highlighted in an online 
exclusive article on PharmTech.com. The 
article, written by Can Araman et al. from 
MilliporeSigma, the life science business of 
Merck KGaA, runs through seven trends with 
the potential to cause a paradigm shift in the 
pharmaceutical landscape.

The seven trends that are discussed in 
the article are continuous manufacturing, 
modeling and predictive approaches, additive 
manufacturing, overcoming solubility challeges, 
improving protein purification, subcutaneous 
application of highly concentrated protein 

formulations, and messenger RNA technology. 
For each trend listed, the authors provide 
background information and discuss the variety 
of benefits and challenges that may arise.

Looking to the future, the authors surmise 
that the pharmaceutical industry’s progress 
with the adoption of newer approaches 
is picking up speed and that the next few 
years will prove to be pivotal in unlocking 
innovation potential.

Reference
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Highlighting Seven Trends in Future Formulation Development
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As 3DP technologies are moving 
quickly from concept stage to industrial 
use, attention to quality controls is cru-
cial. “Close collaboration between reg-
ulatory bodies, engineers, formulation 
developers, and respective quality func-
tions is required to ensure a successful 
implementation,” concludes Kipping.

Developers have been refining phar-
maceutical 3D printers for several years, 
and several types of GMP printers and 
systems have become available. 

Material extrusion 3DP
FabRx, created by University College 
London researchers to develop phar-
maceutical 3D printing, launched the 
M3DIMAKER GMP printer in 2020 (1). 
The printer is designed to prepare per-
sonalized medicine in hospitals and 
pharmacies or to manufacture small 
batches for preclinical or clinical tri-
als, says Alvaro Goyanes, CEO and 
co-founder of FabRx. He says that the 
printer is in use in several clinical tri-
als around the world, including one in 
the Gustave Roussy hospital in France, 
a center for cancer research in Europe. 

The M3DIMaker is a material ex-
trusion type of 3D printer that melts 
a material and deposits it in layers on 
the printing bed to build up the desired 
structure. The machine has three dif-
ferent types of printheads that can be 
used, depending on the form of the 
input material. In fused deposition 
modeling (FDM) the API and other 
ingredients are combined in an ex-
truder and formed into a filament in a 
separate manufacturing step, and then 
the filament is melted and deposited 
in the FDM printer. In direct powder 
extrusion (DPE), ingredients in pow-
der form are fed directly into the 3D 
printer. Semisolid extrusion (SSE) 
extrudes a gel or paste from a syringe 
under pressure (2). SSE operates at a 
lower temperature than FDM or DPE, 
which makes it suitable for thermosen-
sitive drugs. 

GMP features of the M3DIMAKER 
include in-line quality control proce-
dures and camera monitoring of the 
process. “These are tools that are con-
trolled by our software to assure that 

A dditive manufacturing, which is 
commonly called three-dimen-
sional printing (3DP), offers the 

potential for manufacturing specialty 
dosage forms and personalized medi-
cine in either a centralized, industrial 
environment or in distributed, point-
of-care supply. The recent development 
of small-footprint, good manufacturing 
practice (GMP) 3D printers using various 
types of 3D-printing technologies further 
opens the possibility of portable and flex-
ible point-of-care manufacturing, which 
could include in-hospital clinical trials. 

Interest in 3DP technology for 
point-of-care supply is growing, says 
Thomas Kipping, head of Drug Car-
riers, Life Science business of Merck 
KGaA, Darmstadt, Germany. GMP 
equipment for distributed manufac-
turing should be simple to use, require 
low maintenance, and have easily 

cleaned, interchangeable product-con-
tact parts, he suggests. Advances in au-
tomated quality control are especially  
beneficial for GMP manufacturing. 

“Visual tools confirming the right ge-
ometry of the prints combined with 
enhanced analytical technology are al-
ready available, leading to 100% in-pro-
cess control [and] resulting in higher 
safety for patients,” says Kipping. 

New materials designed for 3DP 
could help advance 3DP technology 
adoption. “Standard polymer grades 
are often used as a basis for formulation 
development. These excipients are, in 
most cases, initially developed for other 
application fields and can only provide 
limited design space for developers,” 
Kipping points out. He says Merck 
KGaA is investigating the requirements 
for polymeric excipients and particle de-
sign for different types of 3DP technolo-
gies, including melt-drop deposition and 
selective laser sintering approaches. 

Unique dosage forms, personalized medicine,  
and flexible manufacturing are possible with 3DP. 

Jennifer Markarian is manufacturing 
reporter for Pharmaceutical Technology.

Moving Forward  
with GMP 3D-Printing  
for Drug Products
Jennifer Markarian

Manufacturing
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each ‘printlet’ (3D-printed tablet) con-
tains the dose that it should have. It is 
based on the use of balances, cameras, 
and near-infrared (NIR) spectroscopic 
methods,” explains Goyanes.

Melt extrusion deposition 
Triastek, a 3D-printing technology plat-
form company based in China, invented 
a melt extrusion deposition technology, 
trademarked as MED, for pharmaceu-
tical manufacturing. MED technology 
continuously converts powder into a 
softened, molten state, which is then 
deposited layer-by-layer to produce 
objects with well-designed geometric 
structures, explains Xiaoling Li, chief 
scientific officer at Triastek and pro-
fessor at the University of the Pacific 
in California. He says it can be used to 
process thermosensitive APIs and print 
tablets at room temperature. The tech-
nology can be used to solve drug-deliv-
ery challenges. “Using MED technology, 
combinations of complex drug release 
profiles can be accessed by varied, lay-
ered structural designs and high-preci-
sion processing,” says Li. “Tablets can be 
precisely delivered to a specific, hard-to-
reach gastrointestinal region to release 
APIs at the designed onset time, release 
rate, and specific amount.”

Two of Triastek’s own 3D-printed 
drug products, T19 (for rheumatoid 
arthritis) and T20 (for cardiovascular 
and clotting disorders), have received 
FDA approval under investigational 
new drug applications, and the com-
pany has started pharmacokinetic (PK) 
study trials with a clinical contract 
research organization. “The results of 
these pilot PK trials will help guide the 
formulation optimization to establish 
the to-be-marketed formulation. Once 
the formulation is finalized, Tristek will 
perform large-scale production for piv-
otal clinical studies to support NDAs 
[new drug applications],” explains Li. 

Triastek announced a partner-
ship with Eli Lilly in July 2022 to use 
3D-printing technology to create a 
structure that permits targeted and 
programmed release of drugs in the gas-
trointestinal tract (3). MED has the abil-
ity to create a multi-layered tablet with 

controlled release of each layer. The joint 
research project will study how excipient 
properties and process parameters impact 
drug chemical and physical stability, which 
influence the release profiles of APIs. 

The company’s GMP, mass produc-
tion-scale MED 3D printing system 
uses a 32 printing-nozzle array design 
that is capable of manufacturing 3D 
printed tablets with three different 
materials at a production rate of ap-
proximately 132 kg/72 hours, which is 
similar to the production rate of manu-
facturing a 150-kg batch of coated tablets. 
The array design enables mass produc-
tion using multiple materials to fabricate 
complex structures. “The design enables 
scale-up to meet the manufacturing de-
mands of a blockbuster product, or scale-
down to manufacture a smaller quantity 
of a rare disease product,” says Li. 

The small-footprint GMP MED 
3D printer can also be used for clin-
ical-trial manufacturing and for per-
sonalized medicines. “We see a future 
with our technology where patients 
can follow directions to print their own 
customized tablets,” says Li. 

All GMP MED equipment integrates 
process analytical technology (PAT) 
to provide digital detection of product 
quality related attributes, says Li. NIR 
is used to measure mixture homogene-
ity, and a photographic monitoring sys-
tem identifies the physical properties 
of the tablets; nonconforming tablets 
can be automatically eliminated. 

In-blister printing
Aprecia Pharmaceuticals has launched 
a small-footprint 3DP technology that 
uses binder jetting to form 3D-printed 

tablets directly in blister packaging cav-
ities. Z-Form technology expands the 
formulation capabilities of Aprecia’s orig-
inal ZipDose technology, which is used to 
make the FDA-approved rapidly-disin-
tegrating Spritam (levetiracetam) using 
open-bed binder jetting 3D-printing 
equipment. Z-Form enables formulations 
with multiple powder and liquid blends, 
multiple APIs, micro doses of API, parti-
cles engineered to enhance solubility and 
bioavailability, particles coated to mod-
ify the drug release profiles, and special 
markings for anticounterfeiting, says Kyle 
Smith, president and chief operating offi-
cer of Aprecia. A patent-pending contain-
ment system enables use of highly potent 
compounds. The Z-Form Flex printing 
system can produce a range of finished 
dose formulation options, such as orally 
disintegrating, sublingual, buccal, and 
swallow-intact formulations. 

Forming the tablet directly in the 
blister packaging offers several benefits, 
one of which is the ability to eliminate 
material waste and produce yields of 
99%, reports Smith. Another benefit is 
flexibility—each individual blister cav-
ity can have a custom formulation and 
tablet volume/size.    

“Z-Form Flex allows researchers to 
produce small batches of tablets with 
different formulations or the same 
base formulation in different strengths,” 
explains Smith. “Rapid and efficient 
drug prototyping enables faster entry 
into first-in-human studies with a 
close-to-commercial dose form. This 
[technique] enables speedier transition 
to proof-of-concept trials or facilitates 
a quicker failure to conserve valu-
able time, money, and resources. The  
f lexibility to modify formulations 
quickly and accurately through cus-
tomized, layer-by-layer precision dos-
ing at the individual blister cavity 
level better supports dose ranging and  
adaptive clinical trials.” 

Traceability features—barcodes on the 
blister cards and a QR code on each cav-
ity—facilitate both clinical development 
and personalized drug delivery. “This 
digital fingerprint enables precise chain 
of custody throughout the supply chain,” 
explains Smith.  

Manufacturing

New materials 
designed for 3D 
printing (3DP) 
could help advance 
3DP technology 
adoption.
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The small footprint of the Z-Form 
Flex—approximately 4 ft by 10 ft—low-
ers costs and environmental impact of 
construction and operation, says Smith. 
In addition, the GMP equipment is de-
signed for easy cleanability and quick 
changeovers of less than 8 hours for 
better efficiency with small-batch pro-
duction. The Z-Form Flex platform is 
designed for a wide range of produc-
tion volumes, from one blister pack up 
to 2000 to 3000 finished blister package 
units/hr, with minimal to no scale-up. 

Aprecia plans to further refine the 
platform by scaling it down to a labo-
ratory version (Z-Form Lab) and up to 
high-volume GMP commercial pro-
duction (Z-Form Pro). Both systems 
are currently in the design phase of de-
velopment, and the intent is for Z-Form 
Pro to match the serial output of con-
ventional process trains. 

The platform’s PAT architecture uses 
non-destructive, in-line analytical assess-
ment of product and process quality attri-

butes. PAT data will be used in product 
and process development, and to establish 
in-process controls and product specifi-
cations that will enable real-time release. 

“In terms of large-scale manufactur-
ing, Z-Form Flex sets up the potential for 
continuous CGMP manufacturing and 
real-time release,” contends Smith. “Many 
of the discrete steps involved in conven-
tional manufacturing, such as granula-
tion, drying, and compression/encapsu-
lation, are now contained within a small, 
compact footprint and occur within the 
blister cavity. Deployment of a revolution-
ary planar motion system enables all units 
of operation to happen simultaneously, so 
3D-tablets are formed within three min-
utes. While drying times are product-de-
pendent, the primary package is often 
completed within 60 minutes from start 
to finish, including final inspection and 
blister card lidding.” 

“Aprecia is already performing fea-
sibility studies with pharmaceutical 
companies using development-scale 

versions of the Z-Form Flex machine. 
We are now reaching an inflection point 
of adoption for our technology,” con-
cludes Chris Gilmore, CEO of Aprecia. 
He says that Aprecia continues to search 
out companies with the “appetite and 
vision to be market disruptors”. 

Gi lmore bel ieves the ongoing 
platform innovations at Aprecia are 
quickly advancing small-scale custom-
ization and personalization while also  
establishing a solid foundation for ad-
dressing unmet need in large-scale, 
mass production.
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engineering perspectives to minimize  
the time for all aspects of the formulation 
process,” he states.

Rapid fill/finish important too
With respect to fill/finish of mRNA 
therapeutics and vaccines, the strategy 
is generally no different than that of 
any other biological API, according to 
Mochayedi. The goal, agrees Cobaugh, 
is to fill the product—whether drug 
substance in sterile single-use plastic 
bags and containers or formulated drug 
product into sterile glass vials—and 
then freeze them as rapidly as possible 
but in a controlled manner. In this case, 
the challenges are largely engineering 
and equipment-related.

Maintaining the cold chain
For storage and shipment of mRNA, the 
requirement to maintain the cold chain 
to ensure its stability and integrity all 
the way to the patient is of utmost im-
portance, Mochayedi says. “Central 
storage is usually performed at very 

low temperatures (-80 °C). Similarly, 
formulations containing nucleotides 
require shipment at low temperatures, 
which is typically achieved using dry-
ice packaging,” he notes. In some cases, 
mRNA drug products may require the 
addition of a cryoprotectant to protect 
the particles. The adjustment of excip-
ients to protect the nanoparticles may 
also enable some formulations to be 
shipped at approximately 4 °C.

Looking to lyophilization
The production of mRNA-LNP for-
mulations that are stable at warmer 
temperatures is a key focus of devel-
opers of candidate therapeutics and 
vaccines. One approach noted by Co-
baugh involves the development of 
higher-quality DNA templates that are 
free of breaks (commonly referred to as 
nicks) that result in the shorter, more 
unstable mRNA sequences. Mochayedi 
points to new types of modified nucle-
otides and new capping technologies to  
physically altered forms of mRNA, 
such as circular RNA. “These new ap-
proaches may overcome some of the 
stability issues and enable a broader 

application of mRNA as a technology 
platform,” he believes.

Lyophilization of mRNA products as 
an alternative to freezing is the other 
main area of investigation. “Theoret-
ically, there is no reason why freeze-
dried mRNA products cannot be 
stored at room temperature as long as 
water is kept out of the storage contain-
ers,” Cobaugh says. He notes that there 
has been preliminary success in this 
area and he is hopeful that lyophiliza-
tion will be applicable for mRNA prod-
ucts in the not-too-distant future.

Mochayedi agrees, noting that sig-
nificant investigations into formula-
tion optimizations to overcome the 
ultra-low temperature requirements 
of mRNA drug products during ship-
ment and storage are underway across 
the industry, with lyophilization of for-
mulated mRNA-LNPs as an extremely 
promising alternative for liquid-based 
products. “The complete drying of 
formulations afforded by freeze-dry-
ing would unlock the possibility of 
much more easily providing mRNA 
therapeutics in countries with higher 
temperatures,” he remarks. PT

Development  
— Contin. from page 23
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can be deployed to multiple locations, in-
cluding at the site of patient care. These 
distributed and point-of-care manufac-
turing technologies have the potential to 
improve the drug supply chain by pro-
viding enough flexibility and agility to 
address local patient needs. In the future, 
distributed manufacturing units might 
be deployed at a site during a public 
health emergency to meet local demand 
or at a healthcare facility to meet the spe-
cific needs of its patients.  

Similar technologies may aide sol-
diers on a battlefield. The US Defense 
Advanced Research Projects Agency 
(DARPA) has long made investments 
in innovative pharmaceutical technolo-
gies to address the logistical obstacles of 
manufacturing and delivering drugs to 
soldiers on the front lines. The process 
of manufacturing, storing, and airlifting 
pharmaceuticals to soldiers on a battle-
field can range from weeks to months. 
The military recognizes the potential 
value of a quicker and more agile ap-
proach to manufacturing near the point 
of care for frontline soldiers. The ultimate 
vision for their investments is effective 
small-batch pharmaceutical production 
without the need for stockpiling, cold 
storage, and complex logistics.

 If a future with distributed and point-
of-care manufacturing doesn’t look like 
traditional brick and mortar manufactur-
ing, what might it look like? Prefabricated, 
mobile, modular manufacturing units 
might move frequently between different 
geographical locations. Manufacturing 
units at multiple locations, perhaps even 
3D printers at patients’ bedsides, may op-
erate under a single remote quality man-
agement system. This is no longer science 
fiction. FDA has seen some of these tech-
nologies from developers of distributed 
manufacturing processes. 

Regulating distributed manufacturing
While FDA’s Center of Drug Evaluation 
and Research’s (CDER) does not have 
any approved drugs in its current pur-
view made with distributed or point-
of-care technology, experts know they 
are coming. A paper in the Journal of 
Pharmaceutical Sciences co-authored by 
representatives of four pharmaceutical 

H uman medicine arguably began 
when early healers created sim-
ple botanical preparations to 

treat a small number of people living 
near them. The large-scale electri-
cal machines of the Industrial Revo-
lution turned human medicine into 
the global pharmaceutical industry of 
today. This revolution exploded drug 
availability for patients; most adults 
in the United States now use at least 
one prescription drug every year. But 
some are now asking whether this 
large-scale, fixed-location manufac-
turing paradigm benefits patients as 
much as it could. Could a return to 
the roots of smaller-scale, localized  
manufacturing for some medicines 
offer benefits to patients?

The COVID-19 global pandemic re-
vealed the limitations and rigidity of the 
traditional manufacturing paradigm. 
Because building a new brick and mor-
tar facility takes time, manufacturers of 
drugs to treat patients with COVID-19 
relied heavily on moving their processes 
among existing facilities to meet a rap-
idly changing and nonuniform global 
demand. It became a challenge for man-
ufacturers to export and ship certain 
drug products due to human safety and 
other precautions. Technologies that 
enable more localized manufacturing 
would avoid these supply chain prob-
lems and allow for a rapid and focused 
response to patient demand.  

Distributed and  
point-of-care manufacturing 
Several pharmaceutical manufacturers 
are now developing smaller, more mo-
bile drug manufacturing processes that 

Some manufacturers are developing  
smaller, more mobile drug manufacturing 
processes for point-of-use patient care.  

Adam Fisher, PhD is director, 
Science Staff at the Office of 
Pharmaceutical Quality, Center  
for Drug Evaluation and Research, FDA.

Nurturing  
Manufacturing Agility
Adam Fisher
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companies tells of the “move toward 
adoption of point-of-care manufac-
turing to support on-demand patient 
access to medicine” (1). To glean more, 
CDER funded and participated in a se-
ries of workshops held by the National 
Academies of Sciences, Engineering, 
and Medicine (NASEM) to identify 
potential technologies FDA may see in 
the future. Distributed and point-of-
care technologies featured prominently 
in NASEM’s resulting report, which 
predicts that mobile, end-to-end sys-
tems, “are becoming mature and robust 
enough to push the regulatory envelope 
within five to 10 years” (2). 

CDER established an Emerging Tech-
nology Program (ETP) in 2014 to work 
collaboratively with companies wanting 
to implement innovative manufacturing 
technologies in advance of regulatory sub-
missions. Companies developing distrib-
uted and point-of-care technologies are 
now actively working with CDER’s ETP 
and preparing regulatory submissions. Sau 

“Larry” Lee, senior scientific advisor to the 
ETP explains, “The ETP brings together 
FDA staff focused on application review, 
inspection, and policy to work with com-
panies prior to submitting an application. 
Some of the needs of these companies re-
late to science and technology, but many 
relate to the policy framework.” 

Of course, policymakers created the 
existing regulatory framework for phar-
maceutical manufacturing while manufac-
turers were creating the modern brick-and-
mortar manufacturing industry. As some 
manufacturers now evolve toward these 
smaller and more distributed manufactur-
ing paradigms, the regulatory framework 
may need to similarly evolve to enable the 
timely adoption of these technologies while 
keeping patients safe. 

To meet this need, CDER developed 
the Framework for Advanced Manufac-
turing Evaluation (FRAME) initiative to 
establish such a regulatory framework 
that considers new possibilities for how 
drugs are made and provides clarity for 
manufacturers developing advanced 
technologies. A regulatory framework is 
complex because it encompasses many 
different elements including guidance, 
regulations, statutory authorities, ap-

plication requirements, and standards. 
Many of these elements impact stake-
holders beyond CDER. A key regulatory 
challenge is addressing both current and 
future technologies by considering how 
any framework change would affect ex-
isting technologies regulated across FDA. 
Ashley Boam, director of CDER’s Office 
of Policy for Pharmaceutical Quality, 
shares, “As CDER has navigated through 
the various components of the regulatory 
framework, it has by necessity turned into 
a highly collaborative FDA-wide effort.” 
The first, and arguably most difficult, step 
is identifying the existing areas of policy 
that FDA may consider addressing. 

CDER is now increasing outreach to 
public stakeholders and asking for their 
input to better identify these areas of 
policy consideration for distributed and 
point-of-care technologies. CDER re-
leased a discussion paper to solicit public 
input on distributed and point-of-care 
manufacturing by Dec. 13, 2022 (3). This 
discussion paper presents areas of consid-
eration for policy development based on 
CDER’s evaluation of the existing regula-
tory framework. Interested stakeholders 
were also invited to a public workshop 
held by the Product Quality Research 
Institute to share input on key questions 
related to these technologies, such as: 

• How can manufacturers ensure 
location changes do not impact 
product quality? 

• How could a new paradigm consist-
ing of a “centralized quality system” 
at one location and multiple man-
ufacturing units at others comply 
with current good manufacturing 
practice (CGMP) regulations? 

• What type of business relationships 
are envisioned between health care 
facilities and companies devel-
oping point-of-care manufactur-
ing platforms? 

Answers to questions like these will 
help guide the development and imple-
mentation of an appropriate regulatory 
framework. In the future, CDER plans 
similar efforts to capture public input 
on the use of artificial intelligence in 
drug manufacturing.

FDA is not alone in preparing for ad-
vanced manufacturing technologies. The 

United Kingdom’s Medicines and Health-
care products Regulatory Agency (MHRA) 
is considering a new regulatory framework 
to enable the safe development of point-
of-care products. Similar to CDER’s 
FRAME initiative, the MHRA’s new  
point-of-care regulatory framework aims 
to adapt regulations that do not create bar-
riers for the implementation of advanced 
technologies yet ensure that drug products 
adhere to good manufacturing practices. 
Like FDA, MHRA has also sought public  
input to clarify if and how the point-of-
care framework will impact other types of 
manufacturing and provide a level of flex-
ibility that is absent from the current state. 

The future of manufacturing
While the advancement of these innova-
tive technologies on a large scale might 
increase the robustness of pharmaceu-
tical manufacturing and reduce local 
drug shortages, a distributed and point-
of-care manufacturing paradigm is not 
a panacea. For example, the ability to 
meet localized demand will require raw 
or starting materials that are distributed 
efficiently to the sites of manufacture. 
Still, if realized, Boam believes the fu-
ture could be bright, “I could envision 
a scenario in which patient care and ac-
cess to medicines are vastly improved 
because of these innovative approaches 
to manufacturing.” For his part, Lee 
posits, “I think pharmaceutical manu-
facturing is on the verge of reconstruc-
tion; we have reached the point where 
change is necessary to improve quality 
and access.” Patients are ready for the 
benefits of a more reliable and robust 
drug supply chain, and FDA is ready 
to make sure that the US regulatory 
framework doesn’t keep patients from 
realizing these benefits. 
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pilot for overseas API manufacturers 
in which eight sites—of various sizes, 
location, age, and product focus—par-
ticipated voluntarily (1). The Shabas 
team (including the authors of this 
article) collaborated with FDA to de-
velop a comprehensive QMM assess-
ment tool to inform FDA’s vision for 
the QMM program. The tool is charac-
terized by four pillars and 15 practice 
areas, more than 60 QMM questions 
with accompanying interview guides, 
a 5-level rating system, and a scoring 
and reporting process.

The pilot program yielded findings 
that helped FDA and industry partic-
ipants better understand what impact 
the QMM initiative might have to en-
hance quality management for a drug 
manufacturer, both at its corporate level 
and specific manufacturing site, and 
how adoption of QMM could eventually 
benefit the industry.   

In this article (first of a multi-part 
series), the authors leverage insights 
gained from the FDA QMM pilot to ex-
plain what QMM means in practice to a 
firm’s management, trace its evolution, 
and explain the benefits of adopting it.

What is QMM? 
According to FDA, QMM is the state at-
tained when drug manufacturers have 
consistent, reliable, and robust business 
processes to achieve quality objectives 
and promote continual improvement 
(2). FDA mentioned QMM in its 2019 
report, Drug Shortages: Root Causes 
and Potential Solutions, which pointed 
to a lack of manufacturer incentives 
to improve their quality management 
beyond the minimum required for 
current good manufacturing practice 
(CGMP) compliance (3). 

In an earlier article, FDA officials 
noted: “A drug manufacturer is respon-
sible for implementing dependable daily 
operations that assure consistent drug 
quality. Management’s daily decisions 
on myriad issues involving equipment, 
materials, maintenance, staff qualifi-
cations, supervision, process control, 
and investigations will ultimately de-
termine the quality of the drugs that 
are shipped from a given facility” (4). 

I n recent months, FDA has begun 
championing Quality Management 
Maturity (QMM), a new quality 

surveillance initiative intended to raise 
awareness at all levels of management 
in the pharmaceutical industry as to 
how to best achieve quality objec-
tives and improve manufacturing site 
quality and supply chain reliability in 
drug manufacturing processes. QMM 
follows a maturity modeling paradigm 

first developed and adopted by other 
high technology industries. The nexus 
between a clearly articulated mature 
quality culture, technical processes, 
and corporate-wide business practices 
that are integrated with quality ob-
jectives has crystallized into a viable 
roadmap for enhancing a drug manu-
facturer’s operations, while satisfying 
patient needs and corporate goals.   

Since f irst introducing the pro-
posed initiative, FDA has conducted 
two QMM pilots to measure quality 
management maturity levels at an 
establishment—one for domestic fin-
ished-product manufacturing sites and 
another aimed at overseas API manu-
facturing sites. Shabas Solutions LLC 
(Shabas) was selected to run the QMM 

QMM is an evolutionary advancement 
in FDA’s quality management maturity 
initiative that provides industry with a 
viable methodology to assess and improve 
manufacturing quality and supply chain reliability. 

Somnath Mishra, Somnath.mishra@
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In other words, site management’s 
proficiency in governing a site’s busi-
ness processes as well as their level of 
integration with quality objectives, in-
fluence the performance of the quality 
management system and technical pro-
cesses involved in developing a product 
and, therefore, impacts product quality 
and availability. 

In a competitive market, reliable 
delivery of high quality product and 
reduced quality-related shortages sus-
tainably over the long-term—the es-
sence of QMM as identified by FDA—is 
a management concern in all industries, 
in which their lessons learned are also 
applicable to pharma. Shabas researched 
the pharma and other industries to 
identify key foundational competencies 
(“four pillars”) that undergird QMM for 
an organization aspiring to be “quality 
management mature”:

• Compliance management: abil-
ity to consistently meet and/or  
exceed compliance with applica-
ble laws, regulations, and industry 
best practices

• Risk management: ability to iden-
tify and manage organizational 
risks and build resilience 

• Quality culture: ability to develop 
and maintain an organizational 
mindset and behaviors that value 
continuous learning and improve-
ment, and customer satisfaction 

• Sustainability: ability to success-
fully secure and manage appro-
priate technology, infrastruc-
ture, human capital, suppliers,  
customers, institutional knowl-
edge, and other resources to  
sustain the operations.

Achieving site QMM starts with un-
derstanding where an organization is in 
terms of QMM—thus the need for an as-
sessment. Increased site maturity would 
be evident through improved quality 
metrics and other relevant, but carefully, 
chosen indicators. But a prerequisite to 
achieving an optimized site maturity is 
for site management to invest in estab-
lishing systematic business processes 
that are well integrated with quality ob-
jectives and committing to developing 
the culture—the two key facets of an 

“operations excellence” program. Such a 
demonstrated intent of management’s 
willingness could serve as useful evidence 
to a QMM assessor. 

By integrating continuous improve-
ment in the business processes as the 
focus of the organization as QMM seeks 
to do, management may successfully re-
alize the potential of achieving long-term 
growth in line with corporate strategy. 

A QMM assessment is not an FDA 
quality audit of an organization’s qual-
ity management system or products but 
should rather be viewed as an align-
ment check between an organization’s 
planned strategy and its actual execu-
tion. An independent pharmaceutical 
site QMM assessment would therefore 
inform site management with a “snap-
shot in time” as to its institutional ca-
pacity, culture, and knowledge related 
to manufacturing medicines, how well 
the organization is able to leverage them 
to guide the design and governance of 
the site business processes to produce 
high quality medicines reliably, and how 
committed the site management is to in-
stitutionalize a quality culture.

Brief history of quality  
management and its maturity
The fundamentals of modern quality 
management practices can be traced 
to innovative principles developed 
by Joseph Juran and Edward Deming. 
Juran’s model of quality, referred to 
as Total Quality Management (TQM), 
focused on prospective quality prac-
tices employed throughout a manufac-
turing process, rather than reactively 
weeding out non-conforming products 
during finished product quality control 
(QC) inspection (5).  

By the 1960s and 1970s, manufactur-
ers and regulators in various industries 
began to take notice of the impact that 
TQM practices were having on product 
quality and productivity in Japan (6). In 
1978, FDA embedded TQM principles 
into GMP regulations (e.g., prospec-
tively defined product and process spec-
ifications driven by written standard 
operating procedures [SOPs]). Globally, 
TQM practices were adopted by Inter-
national Organization for Standardiza-

tion (ISO 9000 series) and International 
Council for Harmonisation (ICH) in 
their pharmaceutical best practices re-
lated to technical and quality standards 
(Q, S, E, and M series). By 2000s, ICH 
became a leading standards organiza-
tion for the development and manufac-
ture of pharmaceuticals globally (e.g., 
Q7 through Q12 guidance) (7,8). 

Beginning in the late 1980s and into 
1990s, the US Department of Defense 
and military contractors engaged with 
the Carnegie Mellon Software Engi-
neering Institute to propose a Capa-
bility Maturity Model assessment tool 
(now, CMM-Integration [CMMI] with 
5-level maturity scale) to illuminate 
subtle issues at the senior management 
level which stymied TQM effectiveness 
(9). CMM assessments enabled man-
agement at companies in high-tech 
industries to discern whether its qual-
ity mission statement was effectively 
being communicated throughout the 
organization (10). In 2017, FDA’s Cen-
ter for Devices and Radiological Health 
endorsed CMMI for their Voluntary 
Manufacturing and Product Quality 
Pilot Program aimed at medical device 
manufacturers (11,12). 

Given the success of quality maturity 
modeling assessments seen in other 
high-tech industries—and driven by 
FDA’s Congressional enabling legisla-
tion (13) and its own policy initiative to 
address drug supply chain problems—
in 2016 (3), FDA sponsored researchers 
at the University of Gallen’s Institute 
of Technology Management to con-
duct a study of Operational Excellence 
(OPEX) metrics to identify root causes 
of quality system problems that could 
lead to drug shortages for vulnerable 
patient populations.

A series of three reports issued by St 
Gallen Pharma OPEX Study demon-
strated a remarkable correlation between 
the “assessed” level of quality manage-
ment maturity and quality system effec-
tiveness, or “operational excellence” (14). 
It addressed an important question: “To 
what extent does a pharmaceutical man-
ufacturer’s quality management matu-
rity affect its ability to convey a culture 
of quality throughout its organization?”
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Not surprisingly during the QMM 
pilot assessment, sites that received higher 
QMM scores generally performed well in 
similar key performance areas as noted 
by Juran in 1946 (corporate culture, 
quality messaging, and communication 
throughout the organization).

Today, with the advent of the digital 
revolution and artificial intelligence 
(AI) machine learning capabilities, the 
quality landscape is once again being 
transformed. Conducting a QMM assess-
ment becomes more critical than ever as 
a means to inform site management of 
their organization’s current maturity level 
and its ability to integrate changes.  

QMM—the next quality gap to fill
Site management decisions related to 
various business processes often create 
a de facto quality culture that impacts 
product quality and availability. While 
FDA provides oversight of the site qual-
ity management processes and product 
quality via CGMP inspections and other 
surveillance methods, there are currently 
no comparable regulatory tools that ex-
amine a site’s business processes and how 
well they are integrated with quality ob-

jectives. QMM fills that much needed gap, 
as illustrated by Figure 1. 

In a future article, the authors will 
cover typical symptoms of low and high 
QMM that were encountered while con-
ducting the FDA QMM pilots.  

Corporate benefits from QMM  
Based on the authors’ experience from 
administering the FDA QMM foreign 
pilot, industry participants of any com-
pany size would benefit from adopting 
QMM by moving toward greater sys-
temization and optimization of their 
business processes and their integra-
tion with quality objectives. This will 
result in improved investment deci-
sions, risk-based redundancies, and en-
hanced operations in terms of resiliency, 
workforce efficiency and collaboration, 
customer and supplier relationships, 
management oversight of quality, and 
ultimately a robust quality culture at the 
site thereby paving the way to achieve 
targeted strategic objectives. As an ex-
ample, the QMM assessment tool de-
veloped by Shabas demonstrated to the 
pilot participants how systemization 
can provide greater visibility of busi-

ness processes and remove barriers to 
collaboration between different func-
tional areas, ways to improve supplier 
and customer collaboration processes, 
and how to progressively fit quality into 
a site’s strategic plan. 

Conclusion 
The QMM initiative is squarely aimed 
at operationalizing the vision laid out 
in the FDA’s report on Pharmaceutical 
Quality for the 21st Century: “a maxi-
mally efficient, agile, f lexible manu-
facturing sector that reliably produced 
high-quality drug products without 
extensive regulatory oversight” (7). It 
is a logical evolution in the history of 
pharma quality management to adopt 
principles of operations excellence to 
systematically link management pro-
ficiency, business process maturity in-
cluding digitalization, corporate culture, 
and continuous improvement ethos to 
achieving long-term growth, quality 
goals and strategic corporate objectives.
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Q.What is a master batch record (MBR)?

A.The MBR is the controlling document for 

product manufacturing. It contains the 

instructions and specific manufacturing processes needed to 

produce a particular product. The MBR ensures the ingredients 

needed to produce a product are correct; added in the correct 

order; and the mixing, stirring, or other activities used to pro-

duce the product are conducted in the correct sequence. For 

example, the MBR would list an ideal ingredient amount for the 

product, while the completed batch record would indicate the 

actual amount used for the individual batch. Batch records are 

a requirement of 21 Code of Federal Regulations (CFR) 211.188, 

Batch Production and Control Records. 

Q.Who is responsible for issuing the batch  

record to production?

A.Most companies have a document control department 

that is responsible for issuing the MBR to production. 

This department may or may not report to the quality depart-

ment. The most important item to remember about releasing 

the batch record to manufacturing is that it needs to be tied to 

an actual production run. The link that ties the MBR to the com-

pleted batch record is the lot number assigned to the product 

being manufactured. Each manufacturing run must have a dif-

ferent lot number for traceability and recall purposes. 

Q.Can I release a batch record that has open 

investigations/deviations associated with it?

A.The regulation, 21 CFR 211.22(a), states, “There shall be 

a quality control unit that shall have the responsibility 

and authority to approve or reject … drug products, and the 

authority to review production records to assure that no errors 

have occurred or, if errors have occurred, that they have been 

fully investigated” (1). The errors referred to include errors that 

occur during the manufacturing process. If you are releasing 

a product that has a batch record associated with an open 

deviation/investigation then, in my opinion, the “error” has 

not been thoroughly investigated. The bottom line is, I would 

not recommend this practice. In my opinion, there is too much 

risk associated with releasing a product to the field with open 

investigations or deviations because, if the investigation result 

indicates the product has not achieved the specified quality 

attributes, by releasing it you have not only risked patient safety 

but you are facing a recall situation. 

Q.In what order should I review batch record information?

A.I think we need to be clear on what we are discussing 

when releasing the batch record. It includes a review 

of the incoming raw materials that include the active ingre-

dient(s), excipients, primary packaging, and labeling. The 

batch record process should verify these items were properly 

received, sampled, and put into quarantine until the incoming 

quality group established their suitability for use. This includes 

testing of the water that might be used in manufacturing the 

product. The review should confirm that all the materials used 

were appropriately discharged using calibrated equipment in 

a suitable environment and that the manufacturing rooms 

were properly cleaned and cleared before the start of the 

batch. The main focus of the picture should be the details of 

the batch manufacturing itself. Attention needs to be paid to 

make sure that any deviations during this phase of production 

have been resolved. It is also important to make sure that 

operators signed (this could be electronically) in the appro-

priate places indicating they performed the work. If required, 

there should also be an indication that another employee or a 

supervisor witnessed the work. This is particularly important 

when verifying the right ingredients were discharged to the 

line to make the right product with the right dosage amount. 

Many companies use a checklist to make sure all the elements 

of the master batch record are included in the product batch 

record. This is an acceptable practice and, when coupled with 

a thorough review of the contents of those elements, you 

should confidence in releasing product batches.
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