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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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Chairman’s letter

W  
as it natural zoonotic spillover that catapulted SARS-
CoV-2 from an emerging virus into a pandemic 
pathogen or was it something much more sinister? 

Is it at all possible that a lab leak in Wuhan, China, was the 
spark that lit the fuse? Debate and discussion about the origin 
of the virus that causes COVID-19 have been at the forefront 
of the global consciousness since the first cases were reported 
in December 2019. 

Early on, whispers of a potentially engineered virus quickly 
grew to a roar and fueled speculation that China was behind 
the pandemic. This narrative was so pervasive that, in Feb-
ruary 2020, a group of 27 public health scientists published 
a letter in The Lancet disputing the lab leak theory and an-
nouncing their support of their counterparts in China: the 
scientists, public health officials, and medical professionals 
combating the pandemic (1). 

“The rapid, open, and transparent sharing of data on this 
outbreak is now being threatened by rumors and misinforma-
tion around its origins,” wrote the authors, who all declared 
no competing interests in their disclosures as recommended 
by the International Committee of Medical Journal Editors. 
“We stand together to strongly condemn conspiracy theories 
suggesting that COVID-19 does not have a natural origin.”

And although it’s true that analyses of the genomic se-
quence of the virus subsequently pointed to natural origins, 
the questions regarding China’s role persisted, led by pesky 
discrepancies and conflicting reports. 

Fast forward to June 2021 and new evidence that has 
breathed new life into those origin questions. In an update 
to the February 2020 letter, The Lancet has published an ad-
dendum with revised disclosure statements from virologist 
and investigator Peter Daszak, one of the 27 authors (2). In 
the revised document, Daszak noted that his remuneration is 
paid solely in the form of a salary from EcoHealth Alliance, a 
New York-based nonprofit research foundation of which he is 
president. The company has reportedly worked directly with 
Wuhan laboratories and funded gain-of-function research at 
China’s Wuhan Institute of Virology. 

Consider, too, other odd associations. Recent reports have 
uncovered financial ties between Google and EcoHealth Al-
liance. This comes after accusations that the tech giant was 
censoring lab leak “conspiracy theory” stories in its search 
results. Google’s health lead, David Feinberg, has dismissed 

those reports, insisting that the company is simply taking steps 
to protect users from unverified information.

Are these coincidences or “where there’s smoke, there’s fire” 
situations? It’s unclear. But they add to the bank of troublesome 
questions standing in the way of the truth about COVID-19.

The questions extend beyond origin theory, though. 
With FDA’s green lighting of vaccines for adolescents and 
young adults comes hesitation over long-term effects: What 
is the effect on fertility? Do the vaccines cause heart inflam-
mation? Robert Malone, an mRNA researcher, appeared 
on television recently, expressing strong concern over the 
risk-benefit analysis of vaccination for young adults (3), 
and the Centers for Disease Control and Prevention’s Advisory 
Committee on Immunization Practices recently met to discuss 
instances of myocarditis or pericarditis in people aged 30 and 
younger who have received an mRNA COVID-19 vaccine. 

Of course, the answer to our ultimate question is that we 
may never know. 

We may never know where this virus came from. We may 
never know what triggered the global pandemic that has 
claimed more than 3.8 million lives. And we won’t know the 
long-term effects until enough time has elapsed. What we do 
know for certain is that the incredible strength and collabo-
ration of the scientific community have allowed us to regain 
some semblance of normalcy. The development and rollout 
of multiple effective vaccine options have been the medical 
miracle of our lifetime. 

That, right now, will have to be the only answer that matters. 

References
1. C. Calisher, et. al., The Lancet, 395 (10226) E42–E43 (March 

7, 2020).
2. Editors of The Lancet, “Addendum: Competing Interests 

and the Origins of SARS-CoV-2,” The Lancet, 397 (10293), 
P2449–2450 (June 26, 2021).

3. C. Creitz, “mRNA Vaccine Inventor Speaks Out on ‘Tucker’ 
After YouTube Deletes Video of Him Discussing Risks,” Fox-
News.com, June 24, 2021.

Thank you for reading, 
Mike Hennessy, Sr.

Chairman and Founder 
MJH Life Sciences™
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thoughts and story ideas to 
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Rita Peters

M apping apps for smartphones 
conveniently calculate the fast-
est driving route from point A 

to point B, making it easy for millions 
of people to avoid delays from traffic or 
accidents and get to their destinations 
quickly and safely. 

The “app” to get society on the fastest 
route out of COVID-19 pandemic restric-
tions and health threats is readily avail-
able in the United States: effective vac-
cines that have greatly reduce or prevent 
infections, hospitalizations, and deaths. 
A significant segment of the population, 
however, is hesitant to use the tool, or 
have decided to wait out the delays.

Is the science behind the vaccines 
too complicated to communicate effec-
tively? Are informed messages reaching 
target audiences? Is distrust of the gov-
ernment, biopharmaceutical companies, 
and the medical profession to blame for 
hesitancy? Is accessibility a factor? Or 
do people respond to what they want to 
hear, not what they need to hear?

Despite intense public outreach and 
education efforts, a slowing uptake of 
COVID-19 vaccines is hampering ef-
forts to shut down the virus spread as 
quickly as officials would like. And the 
large segment of the US populace that is 
unvaccinated is susceptible to the virus 
and its variants. A survey of public per-

ceptions about vaccines reveals a variety 
of reasons some people are hesitant to 
get vaccinated, with many reasons tied 
to misinformation and distrust (1).

The Kaiser Family Foundation (KFF) 
asked adults about five common mis-
conceptions about the COVID-19 vac-
cine: that you can get COVID-19 from 
the vaccine; the vaccines contain fetal 
cells, cause infertility, or change your 
DNA; or you should not get the vaccine 
if you had COVID-19. In April 2021, 
more than half of those surveyed (54%) 
either believed one of the misconcep-
tions to be true or did not know if the 
statements were true or false.

Overall, more than 70% of the US 
public surveyed by KFF in the past few 
months were very or somewhat confi-
dent that vaccines were safe. For the vac-
cine-hesitant group, however, there does 
not seem to be an effective argument to 
convince them to get vaccinated. Less 
than one-third of the vaccine-hesitant 
surveyed said they would be convinced 
to get inoculated if they were told the 
rapid vaccine development was sup-
ported by 20 years of previous research 
or if FDA grants full approval.

More than 40% of the vaccine-hes-
itant said the knowledge that the vac-

cines were effective in preventing hos-
pitalizations was convincing; however, 
more than one-third of the people in the 
wait-and-see category planned to wait 
for more than a year to get vaccinated. 

Vaccine side effects—and suspicions 
that the vaccines may not be as safe 
as advertised—were major concerns, 
as were worries that the vaccine may 
negatively impact fertility or that side 
effects will cause them to miss work.

Perhaps more telling is anecdotal 
comments from people who feel the 
virus will not affect them; they are 
healthy, so they won’t get very sick if 
they are infected; or they are protected 
if others around them are vaccinated.

This vaccine hesitancy—combined 
with emerging virus variants—sug-
gests that the threat of the SARS-
CoV-2 virus will be with us for some 
time. Fortunately, researchers are 
working on the next generation of 
vaccines. In mid-June 2021, the Na-
tional Institutes of Health reported 
the Novavax subunit vaccine demon-
strated 90.4% efficacy in preventing 
symptomatic COVID-19 disease in a 
Phase III clinical (2).

Vaccines are the route out of the 
pandemic. We need to convince more 
people of the validity of the technology 
and to switch to the fast lane.

References
1. Kaiser Fami ly Foundat ion, “KFF 

COVID-19 Vaccine Monitor” www.kff.
org, accessed June 25, 2021.

2. NIH, “US Clinical Trial results Show 
Novavax Vaccine Is Safe and Prevents 
COVID-19,” Press Release, June 14, 
2021. PT
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White House Promotes US 
Drug Manufacturing to Secure 
Access to Vital Medicines

F   ollowing a three-month review of 
vulnerabilities in the US supply 
chain for products important to 

national security, the Biden adminis-
tration rolled out a broad initiative to 
promote domestic production of critical 
materials, including medicines and their 
ingredients. The initiative calls for the 
Department of Health and Human Ser-
vices (HHS) to establish a public-private 
consortium for advanced pharmaceuti-
cal production to strengthen domestic 
competitiveness and supply chain resil-
ience in this area (1). 

A detailed report by the White 
House presents strategies for prevent-
ing supply chain disruptions in several 
key industrial sectors. The broader 
aim is to ensure ready access for US 
manufacturers to semiconductor 
chips, rare earth elements, and large 
capacity batteries for electric vehicles, 
as well as pharmaceutical ingredients 
(2). Such gains will bolster America’s 
economic and national security and 
address transitory supply chain chal-
lenges. Continued US dependence 
on key pharmaceutical products and 
APIs from overseas has been driven by 
pressures to lower costs, the report ac-
knowledges, a situation that leaves the 

medical supply chain vulnerable and 
warrants new approaches to support 
domestic production. 

FDA Acting Commissioner Janet 
Woodcock applauded the announce-
ment, noting that the COVID-19 pan-
demic revealed  “just how vulnerable 
the supply chain is” and that it is “es-
sential for the national and health se-
curity and economic prosperity of the 
United States” (3). The White House re-
port recommends actions long backed 
by Woodcock and other FDA officials, 
including a boost in local pharmaceu-
tical production, R&D to advance in-
novative manufacturing technologies, 
robust quality management maturity 
to support reliable drug manufacturing, 
and leveraging data to improve supply 
chain resilience.  

To start, the HHS consortium will 
select 50–100 critical drugs from the 

“essential medicines” list established 
by FDA, as part of an earlier federal 
initiative (4, 5). The aim is to advance 

the development of novel platform 
technologies for domestic production 
of APIs, particularly those for widely 
used generic drugs. The initiative will 
be able to tap $60 million provided by 
the American Rescue Plan to spear-
head investments in advanced manu-
facturing technologies, such as systems 
with on-demand manufacturing capa-
bilities, to increase production of key 
pharmaceuticals and ingredients. 

FDA anticipates playing a promi-
nent role in advancing these and other 
supply chain resiliency initiatives and 
is working with other HHS agencies 
to develop a further plan for design-
ing and building the long-term capa-
bility for US-based manufacture of 
supplies to combat future pandemics 
and biological threats (6). And to in-
crease transparency of product sources 
throughout the pharmaceutical sup-
ply chain, HHS will seek legislative 
authority in two areas: the ability to 
track API sourcing and production 
by facility, and a requirement that all 
pharmaceuticals sold in the United 
States identify the sources of APIs and 
finished dosage forms on labeling. 

The supply chain security report 
acknowledges that the shift of drug 
manufacturing overseas, particularly 
for generic drug APIs, has reduced 
US costs by trillions of dollars in the 
past decade, but has left the American 
health care system vulnerable to short-
ages of essential medicines. Change is 
needed, as the COVID-19 pandemic 
has highlighted the critical importance 

HHS is tasked with establishing a public-private  
consortium for advanced domestic pharmaceutical production. 

Jill Wechsler
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of a resilient US healthcare manufacturing sector and of the 
nation’s ability to rapidly develop and strengthen production 
of vital vaccines and medical products. 

References
1. The White House, “FACT SHEET: Biden-Harris Administration 

Announces Supply Chain Disruptions Task Force to Address Short-
Term Supply Chain Discontinuities,” June 8, 2021. 

2. The White House, Building Resilient Supply Chains Revitalizing 
American Manufacturing, and Fostering Broad-Based Growth, 100-
Day Reviews under Executive Order 14017, June 2021.

3. HHS, “Biden Administration Recommends Policy Changes to Se-
cure U.S. Pharmaceutical Supply Chain,” Press Release, June 8, 2021. 

4. FDA, “Executive Order 13944 List of Essential Medicines, Medical 
Countermeasures, and Critical Inputs,” www.FDA.gov, Jan. 1, 2021. 

5. FDA, “Drug and Biologic Essential Medicines, Medical Countermea-
sures, and Critical Inputs for the List Described in Section 3(c) of the 
Executive Order 13944,” www.FDA.gov. 

6. FDA, Executive Order 14017 on America’s Supply Chains, www.FDA.
gov, June 8, 2021. PT.

Syntegon. Formerly Bosch Packaging Technology.
syntegon.com

Our global service network makes sure you get 
the support you need. Determined and customer-
focused – from training and spare parts management 
to predictive maintenance and modernization. Our 
service products and digital solutions help you identify 
optimization potential in your production at an early 
stage. Our priority? Your satisfaction.

Supporting 
the global 
fight against 
Covid-19

The numbers speak 
for themselves.

Pharma_Tech_NA_86x241mm_M06_HL05_C02a_EN.indd   1Pharma_Tech_NA_86x241mm_M06_HL05_C02a_EN.indd   1 25.05.2021   10:03:1525.05.2021   10:03:15

The US National Institute of Allergy and Infectious Diseases (NIAID) an-
nounced on June 17, 2021 that the Biden administration will be investing 
more than $3 billion for the development and manufacturing of antiviral 
medicines (1). The National Institutes of Health (NIH), NIAID, and the Biomed-
ical Advanced Research and Development Authority (BARDA) will collaborate 
to respond to the urgent need for COVID-19 antivirals through the Antivi-
ral Program for Pandemics. The plan will spur the availability of lifesaving 
COVID-19 medicines and prepare for future viral threats by building discovery 
and development platforms for antivirals for other viruses with the possibil-
ity of becoming a pandemic.

NIH will evaluate, prioritize, and advance antiviral candidates to 
Phase II clinical trials as part of the plan. More than $300 million will be 
provided for research and lab support, almost $1 billion will be provided 
for preclinical and clinical evaluation, and nearly $700 million will be 
provided for development and manufacturing through NIAID and BARDA. 
Additionally, $1.2 billion will support the creation of Antiviral Drug 
Discovery (AViDD) Centers for Pathogens of Pandemic Concern for the 
discovery and development of antiviral drugs. The centers will first target 
coronaviruses and then expand to other viruses with pandemic potential.

“New antivirals that prevent serious COVID-19 illness and death, especially 
oral drugs that could be taken at home early in the course of disease, would 
be powerful tools for battling the pandemic and saving lives,” said Dr. 
Anthony Fauci, chief medical adviser to the President and NIAID Director, in a 
press release (1). “Through multidisciplinary collaborations among leading 
scientists in academia and industry, this investment from the American 
Rescue Plan to create the Antiviral Program for Pandemics will help inspire 
medical innovation and build on the extraordinary success we have seen in 
developing the COVID-19 vaccines.”

Reference
1. NIAID, “Biden Administration to Invest $3 Billion from American 

Rescue Plan as Part of COVID-19 Antiviral Development Strategy,” 
Press Release, June 17, 2021.
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The ever-increasing complexity of 
biotherapeutic molecules presents unique 
analytical challenges for developers.

Challenges with respect to func-
tional analyses often revolve around 
proper, timely, development of the 
necessary cells and antibodies, Fitz-
gibbons adds. Similarly, extractables 
and leachables assessments require a 
large panel of extraction and analyt-
ical techniques to be undertaken to 
assure detection, identification, and 
quantitation of a potential toxic, un-
known material. 

Meanwhile, structure–function 
assessments have been known to be 
challenging because the amount of 
material available to address all or-
thogonal methods is often limited, 
says Pedro Morales, director, Catalent 
Biologics. “For example, it becomes 
challenging to isolate and analyze 
variants that are present in only small 
amounts within the fractionated sam-
ple,” he says.

Morales also explains that the ex-
traction and/or purification of vari-
ants needs to be done while avoiding 
the introduction of additional—or 
exacerbation of—post-translational 
modifications (PTMs) or impacting 

T  he structure and activity of 
complex biotherapeutic mole-
cules require sensitive analytical 

technologies that can characterize 
these complicated protein structures 
and observe their pharmacokinetic 
activity, elements fundamental to bio-
therapeutic drug development and 
production. Relevant technologies are 
needed to make detailed analytical 
assessments of structure and function, 
and further innovation is needed to 
address the continued challenge faced 
by the industry.

The problem with 
complex biological molecules
The structure of biological molecules 
poses interesting challenges to ana-
lytical assessment. Elucidating the 
purity or structure of a complex bio-
logical product often requires meth-
ods designed uniquely to the analyte, 

multiple analytical assays that lever-
age cross-modal technologies, and 
orthogonal analytics to differentiate 
the analyte from a biosimilar mole-
cule, says William Bakewell, research 
fellow at PPD Laboratories’ GMP Lab.  

A fundamental chal lenge, says 
Shawn Fitzgibbons, manager, Catal-
ent Biologics, is the large size of bi-
ologics materials, and, in turn, the 
micro-heterogeneity observed with 
respect to each attribute measured. 

“Every molecule will have unique 
characteristics, for example, although 
characterization of post-translational 
modifications is routinely addressed, 
there may be a specific challenge if 
the molecule has a high level of mod-
ifiable residues at, or near, important 
binding regions of the molecule, or 
if the molecule is particularly prone 
to these modifications because of its 
given formulation,” he says. 

Complex Biomolecules 
Require Analytical Evolution
Feliza Mirasol

Cover Story: Bio/Pharma Analysis
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the material so as to create aggregates. 
He says that experimental design 
should include appropriate controls 
needed for analysis in parallel to the 
analyte(s) of interest. “It is always 
challenging to develop a robust func-
tional assay that will ensure a solid 
structure–function correlation that 
can be unequivocally determined,” 
he states. 

Jana Hersch, scientific consultant, 
Genedata, adds that correct predic-
tion of how a complex biological will 
behave in vivo remains the biggest 
challenge during the development of 
complex biotherapeutic molecules. 
She points out that antibody-drug 
conjugates (ADCs), bispecifics, and 
even engineered cell-surface recep-
tors, such as chimeric antigen recep-
tors (CARs), rely on the scientists’ 
ability to assess how these molecules 
will behave once inside the patient. 

“It is important to predict not just 
whether they bind with the desired 
affinity and specificity to their target 
in vitro, but also that they bind in the 
right tissues, or that they have the ap-
propriate level of clearance from the 
body to achieve the desired therapeu-
tic effect and cause minimal harm,” 
Hersch says. She also explains that 
many different versions of a complex 
biological molecule are often tested in 
iterative pharmacokinetic and phar-
macodynamic analyses before the 
preferred format as well as the final 
formulation are selected.

Establishing analytical studies
Campbell Bunce, chief scientific offi-
cer at Abzena, emphasizes the point 
that all drug developers should look 
to establish the right set of analytical 
methods and workflows to assess the 
developability of their individual drug 
candidate and ensure that those they 
take forward have a reduced risk of in-
herent liabilities at an early stage. He 
states a holistic approach that applies 
design of experiment principles is rec-
ommended to capture a wide range 
of parameters to focus across sev-
eral characteristics, such as function, 
manufacturability, immunogenicity, 

and safety. “For example, through 
developability assessment, methods 
can be applied that will provide in-
sights into the relative stability of the 
biological molecules and allow them 
to be ranked against comparators to 
help select the best lead candidate for 
development,” he says. 

Bunce notes that often, novel bio-
therapeutic candidates are unique 
with little information that can be 
drawn on to help develop the right 
assays and comparative assessment 
parameters, as can be done with an-
tibodies, where a significant amount 
of historical data exists. Certain as-
pects of novel biologic molecules can 
be pieced together, however, directed 
by experience-led trial and error to 
generate developability profiles that 
lead to better outcomes, he explains. 

“There may be occasions where lia-
bilities cannot be designed out using 
protein engineering techniques and 
thus, need to be managed through 
different approaches. Consequently, 
other mitigating options can be eval-
uated and applied,” Bunce states. Bi-
ologics, for example, may be affected 
by one or more degradation pathways 
that can be evaluated and addressed 
through the formulation development 
process to maximize the stability of 
the biologic drug candidate.

Because of the complexity of bio-
logical molecules, a panel of analytical 
methods is used to analyze the ther-
apeutic proteins for lot release to en-

sure consistent product quality, safety, 
and efficacy, adds Gang Huang, senior 
vice-president, analytical sciences and 
clinical quality control, WuXi Biolog-
ics. Though enormous work is done in 
the clone selection and process devel-
opment stages, it is still expected that 
a final drug product is composed of 
a mixture of hundreds to thousands 
of variants that differ in PTMs and 
higher order structure, he emphasizes. 
As a result, state-of-the-art analytical 
methods have been used to thoroughly 
characterize various PTMs and degra-
dation pathways of these proteins. 

Bakewell notes that mass spectrom-
etry (MS)-based analyses are a critical 
component of determining primary 
structure for conjugated proteins, 
monoclonal antibodies (mAbs), and 
cell and gene therapy (CGT) products. 
He further explains that intact mass 
and peptide mapping-based MS meth-
ods allow for confirmation of protein 
sequence as well as identification of 
any disulfide bonds, oxidation/deam-
idation events, glycosylation patterns, 
and PTMs, all of which are key struc-
tural critical quality attributes (CQA). 
Meanwhile, information about sec-
ondary and tertiary structure can be 
determined through techniques such 
as circular dichroism, isothermal cal-
orimetry, size exclusion chromatogra-
phy, and multi-angle light scattering.

“Complementar y to these pro-
tein-level analyses, sequencing of the 
products underlying DNA can be per-
formed by Sanger sequencing, capillary 
electrophoresis with fragment analy-
sis, and next-generation sequencing 
(NGS) approaches. The depth to which 
a product is sequenced—including a 
product’s expressing and non-express-
ing elements—and the degree to which 
sequencing results confirm a product’s 
identity has yet to be standardized,” 
Bakewell adds. 

Lessons from mAbs
Fortunately, biopharmaceutical analysis 
methods have improved since the first 
mAbs were approved. The most signif-
icant change over the past 15 years has 
been the speed and resolution at which 

A fundamental 
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the large size 
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materials and 
the micro-
heterogeneity 
observed.
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bioanalytical tools are employed, says 
Christopher Colangelo, biopharma busi-
ness development leader, Agilent Tech-
nologies. The development of porous and/
or sub-2-um chromatographic media 
coupled to ultra-high-performance liq-
uid chromatography (UHPLC), for ex-
ample, has enabled analytical method 
runtime to decrease 10-fold from 30–50 
mins/sample to 3–5 mins/sample. Col-
angelo adds that a key success in many 
biopharma research labs today is the use 
of automation solutions in lab workflows. 

“For example, successful labs effectively 
use robotic sample preparation, liquid 
autosamplers, and automated data anal-
ysis tools,” he states.

Significant improvements have also 
been made in the sensitivity, resolution, 
accuracy, reproducibility, and specificity 
of analytical methods used to support the 
release and stability testing of biological 
drugs, Bakewell emphasizes. Sodium 
dodecyl sulfate polyacrylamide gel elec-
trophoresis and isoelectric focusing gel 
electrophoretic methods commonly used 
for release and stability in the 1980s have 
been largely replaced by capillary elec-
trophoresis (CE) methods, for example, 
Bakewell says. “CE methods are deemed 
superior to traditional gel electrophoresis 
methods due to their improved resolution 
and their high degree of reproducibility 
and robustness,” he states. 

Similarly, column chromatographic 
separation techniques have evolved and 
improved over time to where, for exam-
ple, the operating pressures that analyti-

cal HPLC/ultra high (UH)PLC columns 
can tolerate has increased. This has re-
sulted in a concomitant increase in an-
alytical resolution, Bakewell explains. 
Furthermore, improvements in the 
quality of HPLC systems and batch-to-
batch reproducibility of HPLC columns 
has led to better and more reproducible 
analytical methods, while data analysis 
for chromatographic separations has 
evolved from using paper integrators to 
Code of Federal Regulations (CFR) Title 
21, Part 11-compliant analytical soft-
ware, says Bakewell.

“Over time, the variety of good man-
ufacturing practice (GMP)-compliant 
analytical methods used to evaluate 
purity, potency, and stability of biophar-
maceuticals has expanded and evolved. 
These now include multiplex and fluo-
rescent plate reader assays, residual as-
says for process impurities such as host 
cell proteins and DNA, and in-vitro po-
tency assays rather than animal models,” 
Bakewell adds. “Improvements in auto-
mation that remove analyst subjectivity 
for compendia methods such as color, 
clarity, particulate matter, sterility, and 
endotoxin analysis have increased the 
reliability of these methods.”

More recently, Hersch includes, ad-
vanced protein engineering has given rise 
to synthetic antibody-like molecules, in-
cluding bispecifics, ADCs, or CARs with 
an antibody-derived targeting domain. 

“The analytical methods associated with 
modern protein design are now nearly 
always high-throughput and require 
automation, with researchers routinely 
screening large panels of molecules in 
different formats to select the very best 
candidates for further development. A 
large amount of data is generated at each 
step and using sophisticated data man-
agement solutions that can handle and 
structure all the associated data centrally 
across an organization have become the 
norm in the industry,” Hersch says.

Morales adds that technology, soft-
ware, and biological knowledge have 
evolved in such a way that cell-based 
potency assays are expected to be 
more robust and precise by default. 

“Phase-appropriate validation enables 
the identification of critical reagents 

and steps, not only for analytical meth-
ods, but also from manufacturing pro-
cess validations. Cell-based develop-
ment reports are now an expectation to 
demonstrate that efforts were made to 
optimize assay precision,” he states. 

Fitzgibbons further adds that ad-
vances in characterization have oc-
curred within all areas, from improve-
ments in cell-based functional analysis 
to detection mechanisms in MS-based 
solutions involving higher-resolution 
instrumentation. “In several instances, 
such as in mass spectrometry, data pro-
cessing solutions have driven evolution 
where the large amount of data acquired 
has required powerful software to pro-
cess the volume of information present 
in the analysis,” he says.

One hot analytical topic for biophar-
maceuticals over the past few years 
has been sub-visible particle analysis, 
including particle counts using micro-
flow imaging analysis and high accu-
racy products liquid particle counters, 
says Gary Watts, Analytics Manager at 
Abzena. “The understanding that ‘par-
ticles breed particles’ potentially leading 
to drug products failing specifications 
has led to emphasis on early detection to 
help de-risk the drug development path-
way by identifying and removing the 
likelihood of any issues further down 
the line,” he explains.

Huang reinforces how analytical 
advancement has made significant 
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strides for the sake of biological drug 
development since the 1980s, noting 
that advances in liquid chromatogra-
phy (LC) and CE have had significant 
impact on biopharmaceutical develop-
ment by improving method robustness 
and throughput. 

“There was a time when scientists 
had to identify all peaks in a peptide 
map using Edman degradation—a 
tedious task with limited sensitivity 
and robustness—but now the peptide 
sequence can be easily elucidated via 
LC–MS. Beyond this, peptide-based 
multi-attribute method (MAM) as an 
emerging technology has the potential 
to offer enhanced sensitivity and selec-
tivity for the simultaneous detection 
and quantification of multiple product 
attributes, even in the quality control 
(QC) laboratory,” Huang says.

For binding assays, Huang says, sur-
face plasmon resonance and biolayer in-
terferometry technologies have become 
increasingly promising compared with 
the conventional enzyme-linked im-

munosorbent assay binding method 
and have been used in both biologics 
development and quality control labs.

What the industry still needs
Moving forward, the increasing complex-
ity of biologic modalities in drug develop-
ment may also lead to analytical needs 
not yet met by current methods. “The 
field of complex biologicals is diverse and 

expanding rapidly,” says Hersch. “Stan-
dardization of analytical requirements for 
full characterization and quality control 
of these new modalities is, in some cases, 
still evolving and represents an import-
ant unmet need.”

According to Hersch, unmet need 
in the industry includes quality con-
trol analyses for the newest autologous 
cell therapy approaches, which must be 
performed quickly to ensure the short-
est possible vein-to-vein time for criti-
cally ill patients. “To meet this need, re-
searchers may have to rely more on faster 
NGS-based methods rather than more 
time-consuming traditional in-vivo pro-
cedures,” she envisions.

In addition, as biologic modalities 
become increasingly complex (e.g., 
bispecific antibodies, gene therapies, 
cell therapies), there will be a con-
tinued need to develop methods for 
characterization of the active biologics’ 
components, says Fitzgibbons. This de-
velopment may involve analytical tech-
niques that are only just now becoming 

Novel biotherapeutics are expected to have higher heterogeneity (variants); 
learning and understanding what these variants are will increase assurance of 
product consistency, says Pedro Morales, director, Catalent Biologics. He explains 
that massive genomics and proteomics data will need to be correlated with 
functionality data to identify what is truly critical to set specifications for release. 

“The establishment of proteomics and genomics databases are also a challenge 
as one needs to consider not only the product, but the genetic makeup of the 
patient as part of the correlation. Next-generation sequencing will be crucial to 
the implementation of cell and gene therapies (CGTs) because of the nature of 
personalized medical approaches,” Morales says.

As the industry moves gradually towards more personalized biotherapeutics, 
the ability to craft a biotherapeutic for each patient in real-time becomes more 
of a reality, asserts Christopher Colangelo, biopharma business development 
leader, Agilent Technologies. He states that there is a need, however, to 
scale and commoditize lab analytical workflows so that the same robust 
purification and critical quality attributes characterization can be performed 
at a lower cost per sample, without compromising sample or data quality.

Decreasing the cost of developing immunotherapeutic modalities, 
especially those based on CGT approaches, will be essential for their broad 
adoption, says Jana Hersch, scientific consultant, Genedata. “Innovative 
digitalization and new manufacturing practices will provide key solutions. 
New and enhanced digital solutions are already becoming available to 
support CGTs. Since cell and gene therapies often serve relatively small 
patient populations, miniaturization with patient-scale manufacturing 
represents another tangible step towards lowering costs,” she says.

“While these technologies predated the therapeutics, mechanisms to 
manage the data generated from these analytical approaches and to validate 
the instruments’ software for GMP [good manufacturing practice] testing is 
lacking. For nucleic acid sequencing, whole genome and single cell-based 
sequencing platforms continue to evolve with new, powerful software 
tools to support data analysis,” Marc Wolman, principal scientist at PPD 
Laboratories’ GMP Lab says. These tools, however, require substantial manual 
intervention and analyst interpretation when performing the analysis or 
retrieving sequencing data from tangential databases, he specifies. 

“If techniques like AUC [analytical ultracentrifugation] and NGS [next-
generation sequencing] are to become mainstream GMP methodologies, 
then innovations in data management and analytics regulations must be 
developed and implemented to meet CFR 21 compliance,” Wolman concludes.

The methods used to characterize, inform, and select the best biologic 
drug candidates are becoming more complex, requiring different analytical 
parameters to be assessed, observes Campbell Bunce, chief scientific officer 
at Abzena, who reinforces the need for speedy analysis with emerging 
drug platforms. For example, in the context of personalized cell therapies, 
a fast turnaround time from cell collection, modification, scale up, and 
treatment are critical to the patient outcome. “Innovative means of applying 
sophisticated analytics to these complex therapeutics in a fast and efficient 
way is required to help streamline the manufacturing process to increase the 
chances of success and pre-empt or reduce safety risks” he says.

—Feliza Mirasol

Meeting future analytical requirements for novel biotherapeutics
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widely used. “As new higher-resolution 
analytical techniques and more hybrid-
ization occurs within instrumentation, 
new opportunities for characterization 
present themselves,” he states. 

One example of instrument hybrid-
ization involves the combination of 
CE techniques with MS, Fitzgibbons 
says. With hybridization such as this, 
identification of size or charge hetero-
geneity profiles becomes much more 
straightforward, he notes. He also 
says that analytical instrumentation 
that automates processes that were 
previously undertaken manually of-
fers higher throughput and opens the 
way for new regulatory requirements 
for analytical characterization. “Ad-
ditionally, as the development in viral 
vector manufacturing progresses, and 
as new gene therapy offerings are de-
veloped, new analytical challenges 
arise to assure CQAs are understood 
and controlled,” he adds.

Meanwhi le ,  on-l ine/rea l-t ime 
monitoring of product attributes has 
gained increasing interest due to ad-
vancement in continuous processing 
for biologics manufacturing in recent 
years, says Huang. He also adds that 
a greater level of automation in sam-
ple preparation as well as applying 
MS techniques, such as peptide-based 
MAM, which has been used in quality 
control to simultaneously monitor dif-
ferent product attributes, can greatly 

enhance real-time monitoring and 
expedite biologics development.

“One gap that needs addressing is in-
dustry coalescence in developing stan-
dardized methods and reagents,” adds 
Colangelo. He points out that many 
manufacturers still develop fit-for-pur-
pose methods for each biotherapeutic, 
which leads to a continual reinvention 
of the analytical methods for every 
new drug product. 

Bunce points out that capacity is a 
major issue because all providers are 
looking to access platforms that can ex-
press more material in less volume, while 
maintaining the sensitivity of the process 
at scale. “Consequently, the industry 
needs to ensure that the analytical tools 
and methods are fit-for-purpose and will 
robustly inform the maintenance of the 
overall integrity and stability of the bio-
pharmaceutical,” he says. 

Bunce also stresses that it is imper-
ative to get the analytical strategy and 
methodologies right in the early stages 
to support confidence in the results 
and mitigate issues with quality down-
stream. “Paying attention early on is 
crucial to long term success of the bi-
ologic and mitigates risk of correcting 
issues at later stages of development, 
which may have an impact both in 
terms of economics and safety to the 
patients. Getting things right up front is 
a mindset to be encouraged in analyti-
cal method development to characterize 
biopharmaceuticals and reduce risk in 
the drugs that we develop,” he asserts.

Marc Wolman, principal scientist 
at PPD Laboratories’ GMP Lab, mean-
while, explains that the biopharma-
ceutical industry has made significant 
strides in managing logistics and work-
ing within critical timelines, which has 
been especially and recently evidenced 
by the successful development, produc-
tion, analyzation, and review of new 
pharmaceutical products in record 
time to battle COVID-19. “However, 
we also saw that drug sponsors, raw 
material and testing reagent suppliers, 
CDMOs [contract development and 
manufacturing organizations], CROs 
[contract research organizations], and 
regulatory agencies have the opportu-

nity to implement faster, more-efficient 
means to develop, produce, analyze 
and review new pharmaceutical prod-
ucts, all while maintaining a critical 
eye on safety and quality,” he states. 

For analysis of biotherapeutic product 
CQAs, the advent of rapid microbiolog-
ical methods, rapid high-throughput 
screening methods, rapid release and 
stability methods—in particular rapid 
bioassay methods that mimic the in-
vivo functionality of the product—are all 
areas where enhanced turnaround times 
will be critical to getting new products to 
market, Wolman emphasizes.

“The ability of the industry to meet 
rapid manufacturing and testing turn-
around times will define the success 
and availability of promising autologous 
cell-based therapies,” Wolman adds. For 
example, to support an autologous cell 
therapy, a patient’s cells must be har-
vested and modified, and the modified 
cells must be rapidly tested for structure, 
function, identity, purity, and safety-re-
lated CQAs before the patient can be 
infused with the modified cells. “The 
analytical testing requires coordination 
of sample shipping and receipt with 
critical handling, execution of assays 
and data review, and quality assurance 
approval of the samples’ testing report,” 
Wolman explains. “This monumental 
effort may have a limited timeline of 
one to two weeks given the short shelf 
life of the ex-vivo modified cells and the 
patient’s life-depending need to receive 
the therapeutic.” PT

The most 
significant change 
over the past 
15 years has 
been the speed 
and resolution 
at which 
bioanalytical tools 
are employed.

A holistic 
approach that 
applies design 
of experiment 
principles is 
recommended to 
capture a range of 
parameters.
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response, notes Axel Erler, associate di-
rector of commercial development with 
Lonza. RNA vaccines, however, don’t 
generate a direct immune response, adds 
the Novavax spokesperson. Instead, they 
deliver a molecule that must be trans-
lated into the desired antigen, which is 
then recognized by the immune system.

Established production platform 
One advantage of subunit vaccines 
is that their manufacture is achieved 
using established recombinant tech-
nology that is widely distributed in the 
biopharma world, according to Yves 
Balmer, head of microbial development 
services at Lonza. “This technology of-
fers a well-defined technical and regu-
latory landscape that is readily available 
and does not require the culture of vir-
ulent organisms and their subsequent 
attenuation/inactivation, which can 
create safety concerns,” he says.

In addition, Balmer notes that the 
recombinant production of subunit 
vaccines enables the selection of spe-
cific antigens that can be combined in 
a multivalent vaccine and generate a 
well-characterized product. Further-
more, production platforms for subunit 
vaccines are highly adaptable, with ex-
actly the same procedures used to de-
velop and manufacture variant-strain 
versions for use in scenarios of genetic 
drift, according to a spokesperson 
from Novavax.

Highly stable vaccines
One key advantage of subunit vaccines 
over genetic vaccines is their strong sta-
bility profile. Transport and storage can 
take place at regular refrigeration tem-
peratures, and there is no need for ul-
tra-cold freezers. “This feature enables 
the distribution of subunit vaccines in 
diverse global locations where -20 °C 
or -80 °C cold chains are unavailable,” 
Novavax’s spokesperson observes.

Such an ability is not an insignificant 
factor. “It is critical nowadays to set up 
resilient supply chains to be prepared for 
any disruptions such as COVID-19. In 
addition to having transparent and sce-
nario-based forecasting in place to an-
ticipate risk-based future global demand 

A s the name implies, subunit vac-
cines are based on a portion of 
the infectious agent rather than 

leveraging the entire virus (killed or 
live-attenuated). A subunit vaccine usu-
ally contains a protein, a polysaccharide, 
or a combination of both. Because they 
contain only a portion of the pathogen, 
subunit vaccines typically have fewer 
side effects and can be given to a wider 
group of people, including those with 
compromised immune systems and 
chronic health conditions. They typi-
cally lack pathogen-associated molec-
ular patterns, however, and thus tend 
to cause weaker immune responses, 
requiring the use of adjuvants and 
possibly booster doses.

The first recombinant protein vac-
cine was developed for hepatitis B, and 

many more have been approved since. 
Subunit vaccines formulated as virus- 
like particles (VLPs) and nanoparticles 
are also under development today. 

Direct response
Subunit vaccines work by exposing the 
body to a piece of a pathogen (virus, bac-
teria, parasite) that triggers an immune 
response, according to a spokesperson 
from Novavax. The company’s NVX-
CoV2373 candidate vaccine against 
COVID-19, for example, uses an opti-
mized version of the full-length spike 
(S) protein from SARS-CoV-2 as the 
subunit antigen. This antigen cannot 
cause disease but is delivered in a way 
that is read to be recognized and learned 
by the immune system.

In contrast, genetic vaccines (DNA 
or RNA vaccines) only take a small part 
of the viral genetic information that en-
codes the antigen triggering the immune 

Advances in technology are accelerating  
the development and manufacture  
of this established class of vaccines.

Subunit Vaccines  
Suited for  the Fight 
Against COVID-19
Cynthia A. Challener

Cynthia A. Challener, PhD,  
is a contributing editor to  
Pharmaceutical Technology.
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scenarios, managing cold-chain require-
ments regarding storage and transporta-
tion remains a key capability, especially 
considering the variety of temperature 
classes (i.e., cool-chain to deep-frozen, all 
the way down to liquid nitrogen tempera-
tures),” comments Christian Rochel, head 
of supply chain for biologics at Lonza’s 
Visp, Switzerland facility. 

Rochel adds that a focus on internal 
and external supply capabilities, in-
cluding multi-site inventory manage-
ment, remains an important factor to 
ensure full supply.

Used in currently approved products
Unlike novel approaches and emerging 
technologies for vaccine development 
that can lead to regulatory challenges re-
garding demonstration of the safety and 
efficacy of such vaccine candidates, the 
development and regulatory pathways to 
commercialization for subunit vaccines 
are well established, according to Karen 
Magers, director of regulatory affairs at 
Lonza. “Vaccine regulators tend to be 
conservative, and there is a requirement 
for providing rigorous, supportive data 
based on the large intended populations 
for most vaccines, which often include 
children,” Magers says.

Protein subunit vaccines are an es-
tablished technology, adds the Novavax 
spokesperson, and there are several ap-
proved subunit vaccine products on the 
market. Noteworthy for the company 
is the fact that a recombinant protein 
subunit vaccine manufactured using 
Sf9-derived insect cells, the approach 
used by Novavax for NVX-CoV2373, 
was approved in 2013. The investigational 
vaccine candidate being developed by 
Novavax, however, is also undergoing rig-
orous evaluation of its safety and efficacy, 
along with characterizing the company’s 
manufacturing processes.

One potential challenge for subunit 
vaccines is the need to use adjuvants in 
these formulations to achieve robust/
broad immune responses. The issue 
arises, according to Magers, if a novel 
adjuvant is introduced. “Regulatory 
challenges can arise while establish-
ing the safety profile of new adjuvants,” 
she remarks.

Development takes investment
The time and money needed to de-
velop subunit vaccines can pose addi-
tional challenges. While development 
timelines for these vaccines are shorter 
than those for vaccines based on whole 
pathogens, subunit vaccine development 
is still time-consuming. One key hurdle 
is determining the right antigen. Deter-
mining the best dose and adjuvant com-
binations can also take time, according 
to the spokesperson from Novavax. 

In addition, many specific subunits 
have unique physicochemical proper-
ties, and a tailored process needs to be 
developed for each, starting at the level 
of the expression host then moving to 
process and analytical method devel-
opment, says Balmer. “This process de-
velopment for non-platform molecules 
requires expertise, time, and flexibility 
in the manufacturing facility,” he adds.

The cost of goods for subunit vaccines 
can be an issue as well. “Recombinant 
protein technology was initially devel-
oped for biopharmaceutical drugs, for 
which the cost of producing the drug 
substance was not a critical factor,” 
Balmer observes. In contrast, vaccines 
are expected to be affordable consider-
ing the need for wide implementation.

An approach to address both issues, 
Balmer notes, is to develop platform 
processes that would shorten the devel-
opment timeline, pre-define the man-
ufacturing facility, and reduce the cost. 

“An example is the production of VLPs in 
which the frame remains constant and 
only the antigenic part is target-specific,” 
he says. This standardized approach, 
however, is only successful if the anti-
genic portion remains limited so it does 
not impact the production process.

For its COVID-19 vaccine candidate, 
Novavax had a head start due to its re-
cent experience developing vaccines 
for the original severe acute respiratory 
syndrome virus and its NanoFlu candi-
date for seasonal influenza, according 
to the company spokesperson. This 
experience combined with knowledge 
of the coronavirus’ spike protein and 
access to the company’s nanoparticle 
technology and proprietary Matrix-M 
adjuvant has helped to accelerate de-

velopment of NVX-CoV2373. Today, 
Novavax can begin testing a new vac-
cine candidate in the pre-clinical envi-
ronment within weeks of identification 
of a variant of concern.

Many advances in the last decade
The concept of subunit vaccines has 
been around for decades. Several ad-
vances in technology have helped 
improve their development and man-
ufacture. Magers points to progress 
in genomics for the identification of 
vaccine candidates and incorporation 
of three-dimensional (3D) structure, 
domain organization, and dynamics of 
surface proteins analysis into vaccine 
design as aiding development efforts. 

There have also been improvements 
in subunit vaccine formulation, ac-
cording to Magers, such as the use 
of nanoparticles (e.g., ferritin) that 
self-assemble into microscopic parti-
cles that display a protein antigen and 
the introduction of novel adjuvants 
(e.g., CpG 1018 used in Heplisav-B, 
AS04 [monophosphoryl lipid A, MPL] 
used in Cervarix, and AS01B [MPL 
and QS-21] used in Shingrix).

Manufacturing advances of note 
for Magers include expanding use of 
different expression systems includ-
ing mammalian, insect, microbial, 
and fungal cell lines; incorporation of 
single-use technologies and equipment 
and closed systems into manufacturing 
processes; exploration of continuous 
manufacturing and quality-by-design 
approaches; and the introduction of 
novel improved analytical methods 
(e.g., mass spectrometry, particle anal-
ysis methods, and capillary electropho-
resis) in conjunction with an emphasis 
on replacing in-vivo potency assays.

Since the first subunit vaccine was 
approved for hepatitis B, Novavax has 
advanced the technology for this class of 
vaccines through its use of a nanoparticle 
core to present the protein subunits to the 
immune system in a way that results in 
robust, durable responses that offer pro-
tection in the face of genetic drift, accord-
ing to the company’s spokesperson. In 
addition, evaluation of Novavax’s vaccine 
technology has also revealed additional 
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uses for its proprietary Matrix-M adju-
vant when paired with vaccine antigens 
developed by other organizations.

Combination subunit vaccines 
are also now being explored, such as 
Novavax’s NanoFlu + NVX-CoV2373 
candidate, to address multiple infec-
tious disease threats. This investiga-
tional combination subunit vaccine, 
which is made possible by technology 
that is flexible, uses very low amounts 
of antigen, and is combined with an 
adjuvant that shows an encouraging 
safety profile, has already shown strong 
results in pre-clinical evaluations, ac-
cording to the Novavax spokesperson.

Role in the fight against COVID-19
More than 20 protein subunit vac-
cine candidates have entered clinical 
trials for COVID-19, including those 
from Novavax, Anhui Zhifei Longcom 
Biopharmaceutical, Kentucky Biopro-
cessing, and Sanofi/GlaxoSmithKline, 
among others. More than 50 other can-
didates are at the preclinical stage. 

“We believe that whether by provid-
ing best-in-class efficacy as a primary 
immunization series or boosting those 
previously vaccinated with our or an-
other vaccine, subunit vaccines prom-
ise to be a vital part of the global ef-
fort to fight the COVID-19 pandemic. 
With a cold chain that does not require 
freezing, these vaccines will likely be 
delivered and used around the world,” 
states Novavax’s spokesperson. 

In the Novavax NVX-CoV2373 can-
didate, the spike protein is organized 
around a nanoparticle and formulated 
with Matrix-M adjuvant. This tech-
nology platform using the full-length 
spike protein with Matrix-M adjuvant 
has, according to Novavax’s spokes-
person, delivered outstanding efficacy 
against the original COVID-19 virus 
(96.4% in a United Kingdom Phase III 
clinical trial), protection against vari-
ants, and a favorable safety profile. In 
mid-June 2021, the company reported 
90.4% efficacy overall from a Phase III 
trial in the US and Mexico.

“Organizing spike proteins around 
a nanoparticle core enables the im-
mune system to learn different facets 
(epitopes) of the spike protein, includ-
ing cryptic/hidden epitopes, which we 
think helps to explain the strong clini-
cal results from our Phase I, II, and III 
studies,” Novavax’s spokesperson adds. 

In addition, Novavax has estab-
lished a global manufacturing network 
to increase its capacity to respond to 
infectious disease threats, including 
COVID-19. In announcing the lat-
est clinical trial results, the company 
said it plans to file regulatory autho-
rizations in the third quarter of 2021 
after it completes final phases of pro-
cess qualification and assay validation 
needed to meet chemistry, manufac-
turing, and controls requirements (1). 

Reference
1.  Novavax, “Novavax COVID-19 Vaccine 

Demonstrates 90% Overall Efficacy and 
100% Protection Against Moderate and 
Severe Disease in PREVENT-19 Phase 3 
Trial,” Press Release, June 14, 2021. PT
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Artificial intelligence analyzes data so humans can 
make more informed decisions.

Artificial intelligence (AI) technology helps pharmaceutical 
companies address corrective actions and preventive actions 
(CAPA) and root cause investigations. The CAPA process has 

historically been more corrective than preventive, hard to track, and 
implemented without context. Pharmaceutical Technology and 
BioPharm International recently spoke with Sue Marchant, Senior 
Director of Product at MasterControl, about the options to connect 
quality data and what problems can be solved using AI. She says 
these technologies will make CAPA more preventive than corrective 
with the ability to track processes in real time and understand the 
contributing factors and considerations surrounding an event. 
Additionally, she explains how AI combines and analyzes data, 
pinpoints relationships, and provides valuable process improvement. 

PHARMTECH/BIOPHARM: Please define AI and what it can do  
for business.
MARCHANT: AI pertains to a machine that mimics human 
intelligence by having the ability to predict, classify, learn, plan 
or reason, and perceive. Within AI, there are different types of 
intelligence, including machine learning, which is a subset focused 
more on math and statistics that learns from the data and improves/
learns over time, and natural language processing, which helps 
systems understand language and derive meaning from it. 

AI allows us to cluster and identify suggested items to track, or 
suggest categorization. We can rank, recommend actions, and predict 
a course of action. We can learn from past experiences and learn 
from incoming data, as well as perform anomaly detection where we 
identify things that are different from the norm and can take action 
on them.

PHARMTECH/BIOPHARM: What are the first steps a company 
should take to connect their data and take advantage of  
the technology?
MARCHANT: The first step is to record all data in digital form rather 
than on paper. Then, gather the data into one system and connect 
the data. You can then show correlations in data and get cross-
process insights; for instance, how certain standard operating 
procedures (SOPs) are related to a higher incidence of deviations, or 

Using AI for CAPA and Root  
Cause Investigation

how complaints are related to certain products that 
used a specific process. Once your data is in place, 
you can analyze it and look for trends and patterns 
that surface valuable opportunities hiding within 
your data.

PHARMTECH/BIOPHARM: The CAPA process has 
always been a pain point for pharmaceutical 
companies. Can you share how AI might impact 
this process and make it better?
MARCHANT: First, it is important to determine 
whether CAPA is needed. Is a particular event 
something that should escalate to CAPA? Is it 
significant? Is it something that’s happened before? 
Does it represent a problem? AI can provide context 
to the people involved in that process by analyzing 
all prior CAPAs and complaints to see if the event 
happened previously, if action is required, and what 
action to take. Eventually, with enough data in the 
system and enough understanding and learning, 
we can suggest root cause and provide a place to 
start an investigation. The more we can provide data 
that helps us understand when to escalate, what to 
investigate, and what effective solutions might be, 
the more effective humans will be in that decision-
making process.

PHARMTECH/BIOPHARM: Where would people 
find the data they need to improve the CAPA 
process and are there any limitations?
MARCHANT: An example of one such limitation 
today occurs if a human at one site has entered 
a complaint while someone at another site has 

entered a similar complaint. Neither is aware of the 
other, and thus are not aware that this is beginning 
to represent a trend. But if we have systems that 
can constantly analyze these instances, they can 
show an emerging trend occurring that should then 
activate the CAPA process. 

Additionally, if the system identifies a symptom 
that is severe or an outlier, one could immediately 
investigate that, and potentially identify other 
batches that shared all of the same attributes to 
see if the problem is more widespread. You can pull 
information from all available data sources to get a 
more informed CAPA process.

PHARMTECH/BIOPHARM: Can you clarify the 
possibilities of how AI augments innovation?
MARCHANT: We still need that human creativity, 
wisdom, and guidance. What AI can do is give  
you the information to take the right action  
and make the right decision. AI analyzes huge 
amounts of data to help understand what you  
need to pay attention to, and it can automate  
and handle routine tasks. As a result, attention 
can be focused in the areas that require human 
attention. AI can help us to innovate and create 
better, safer products because it helps us to see 
through the noise and data to understand what is 
actually happening.

PHARMTECH/BIOPHARM: What are the AI 
possibilities for pharma and how is MasterControl 
innovating to make those possibilities a reality?
MARCHANT: We recognize that AI can do so much 
for quality—it can analyze huge amounts of data, 
surface patterns and trends that we can act upon, 
and find patterns in the data that we are not able 
to recognize as humans. At MasterControl, we 
have created a new data architecture to give real-
time event streaming and provide analytics that 
will surface insights to users through our product, 
MasterControl Insights, which gives users the 
information they need to take action every day.

We have also created an integrated AI layer, with 
an entire product quality intelligence division 
dedicated to making sure that all users can get 
value from the data they enter into the system to 
transform their business.

Sue Marchant
Senior Director of Product 
Machine Learning and 
Artificial Intelligence 
MasterControl

https://www.mastercontrol.com
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batches that shared all of the same attributes to 
see if the problem is more widespread. You can pull 
information from all available data sources to get a 
more informed CAPA process.

PHARMTECH/BIOPHARM: Can you clarify the 
possibilities of how AI augments innovation?
MARCHANT: We still need that human creativity, 
wisdom, and guidance. What AI can do is give  
you the information to take the right action  
and make the right decision. AI analyzes huge 
amounts of data to help understand what you  
need to pay attention to, and it can automate  
and handle routine tasks. As a result, attention 
can be focused in the areas that require human 
attention. AI can help us to innovate and create 
better, safer products because it helps us to see 
through the noise and data to understand what is 
actually happening.

PHARMTECH/BIOPHARM: What are the AI 
possibilities for pharma and how is MasterControl 
innovating to make those possibilities a reality?
MARCHANT: We recognize that AI can do so much 
for quality—it can analyze huge amounts of data, 
surface patterns and trends that we can act upon, 
and find patterns in the data that we are not able 
to recognize as humans. At MasterControl, we 
have created a new data architecture to give real-
time event streaming and provide analytics that 
will surface insights to users through our product, 
MasterControl Insights, which gives users the 
information they need to take action every day.

We have also created an integrated AI layer, with 
an entire product quality intelligence division 
dedicated to making sure that all users can get 
value from the data they enter into the system to 
transform their business.

Sue Marchant
Senior Director of Product 
Machine Learning and 
Artificial Intelligence 
MasterControl
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be taken into consideration when devel-
oping a combination of two or more APIs 
in a single pharmaceutical form,” she says.  

Some advantages of bi-layer tablets 
include the option of fine-tuning the 
availability of each API with the possi-
bility of differentiating their release-times, 
being able to separate incompatible APIs, 
prolonging the medicine effect after ad-
ministration, and reducing the dose fre-
quency, Giatti highlights. For example, 
she continues, in elderly patients, the high 
number of tablets or medicines that may 
be required each day can impact quality 
of life or can lead to medication errors, so 
bi-layer tablets can be particularly benefi-
cial for this patient population.

“Bi-layer or multi-layer can provide 
the delivery of more than one drug in 
one dose thereby adding convenience,” 
concurs Anthony Carpanzano, director 
of R&D at JRS Pharma. “Delivery in sep-
arate layers can avoid incompatibilities 
between the compounds that otherwise 
could not be prevented in a single mono-
lithic structure. Multiple layers also allow 
for delivery of the components at differ-
ent rates and visually, multi-layer tablets 
provide brand recognition.”

Formulation considerations
Formulating a bi-layer tablet is more 
complex than for a conventional mono-
layer tablet as two (or more) suitable gran-
ulations must be developed. “Generally, 
to have a blend suitable for compression, 
the powder should be free-flowing and 
uniform in terms of particle size distri-
bution; it should be characterized by par-
ticles cohesive enough to lock and hold 
together but not too much so they can 
adhere to metal surfaces,” notes Giatti.

“Blend characteristics, such as com-
pactability, flow, homogeneity, and low 
dustiness—to minimize ‘cross-contam-
ination’ between layers—are important,” 
agrees Carpanzano. “Flow is especially 
important for layers two and beyond.”

By guaranteeing the blend character-
istics, the final tablet should be uniform 
and defect-free, Giatti continues. “Com-
patibility is another crucial characteristic 
to be considered. If the APIs inserted in 
the formulation are incompatible, they 
must be separated in different layers and 

T he oral administration of drugs 
has persistently been the pre-
ferred route of drug delivery for 

many years, mainly due to patient 
convenience and manufacturability of 
the dosage form. “Tablets are the most 
stable and used oral sold dosage (OSD) 
form on the market that allows for drug 
price reductions while also guarantee-
ing good production yields combined 
with patient compliance,” asserts Fed-
erica Giatti, compression technologist 
at IMA Group.

However, conventional immedi-
ate-release tablets are designed to re-
lease an active ingredient shortly after 
oral administration, which generally 
means a rapid absorption of drug oc-
curs without any specific targeting of 
therapeutic action. Various methods 
have been employed to be able to ma-

nipulate the release of APIs in the body, 
in order to control the therapeutic ef-
ficacy of treatments, improve patient 
compliance, and reduce dose frequency. 

Bi-layer tablets have been employed 
as a means of administering more 
than one API in a single dosage form 
to achieve controlled drug delivery. Al-
though these dosage forms can offer key 
advantages, there are also specific com-
plications and challenges that must be 
overcome to ensure success.  

Benefits of bi-layer tablets
In the modern era, continuous scientific 
research into disease areas and multi-tar-
geted approaches is opening a wide 
range of possibilities in pharmaceutical 
development and manufacturing, Giatti 
confirms. “The possibility to use bi-layer 
tablets offers some advantages that must 

Bi-layer tablets are an under-utilized option 
that can be employed to help reduce treatment 
burden, but their formulation is more complex 
than for conventional monolayer products. 

Formulating Tablets  
Layer by Layer
Felicity Thomas
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formulated with dedicated release,” she 
says. “Last but not least, the sufficient 
bonding between the two layers must 
be guaranteed even immediately after 
tableting and during storage, packaging, 
and shipping.”

To ensure a stable tablet process, 
when developing and manufacturing 
a bi-layer tablet, manufacturers must 
choose the correct tamping and pre- and 
main-compression forces, and formula-
tion scientists need to select an excipient 
that is suitable for direct compression, 
which will allow for easy f lowability, 
compression, and tableting of the blend, 
Giatti explains. “The tableting should be 
performed without any contamination 
between the two layers,” she adds. “[For-
mulators can improve the chances of 
being contamination-free] by choosing 
powder with a coarser particle size that 
can reduce blend volatility around the 
machine, and manufacturers assist with 
dedicated aspiration.”

Most of the challenges to overcome 
when developing a bi-layer tablet pertain 
to process or equipment issues, empha-
sizes Carpanzano, but other significant 
considerations include layer adhesion 
and layer thickness versus tooling shape—
in particular, cut depth.

A greater amount of attention should 
be focused on the bonding between the 
two layers, asserts Giatti. “From a man-
ufacturer point of view, this [bonding 
issue] can be solved by applying a slight 
tamping force in the first layer, whereas 
for formulators the inner features of all 
the excipient and APIs present (crystal-
line habitus, real density, particle size 
distribution) should be taken into con-
sideration from the beginning,” she says.

But, for Giatti, the most significant 
challenge to overcome is in relation to 
incompatibilities of the ingredients. “Dif-
ferent release profiles and physical sepa-
ration of the APIs should be ensured by 
choosing the relevant type and percent-
age of excipient(s) or manufacturing tech-
nology to use,” she states.

Additionally, the development of tech-
nologies designed for the compression of 
multilayer tablets has matured with sys-
tems now at the point of simply needing 
‘fine-tuning’, reveals Carpanzano. “More 

development of compression coating or 
‘tablet-in-tablet’ is ongoing,” he adds.

Software is available that can help de-
velopers in choosing the correct formu-
lation, such as IMAGO (IMA Group), 
highlights Giatti. “This software con-
sists of an instrument that acquires the 
data of the cells mounted in the machine, 
such as pre-main compression and ejec-
tion force, as well as tablet characteristics 
(weight, thickness, diameter, and tablet 
strength) to consider powder behavior,” 
she explains.

Other software exists that guide the 
choice of ratio and type of excipient, such 
as ZoomLab by BASF, Giatti continues. 

“The combination between these aids and 
the experience of the supplier and man-
ufacturer, can improve and facilitate the 
choices of the formulators,” she says.

Excipient selection
“Excipient selection for bi-layer tablets is 
as important as it is for single-component 
tablets, and there are instances when it is 
most important,” Gernot Warnke, global 
head of R&D at JRS Pharma stresses. “For 
example, when running a high-speed 
tablet press, the filling of the die with the 
blend to be compressed occurs when the 
die passes below the feed frame and the 
lower punch is drawn downward. This 
downward motion happens quickly and 
creates a degree of suction which aids 
in filling the die. This suction helps to 
compensate for materials with less than 
optimal flow in achieving uniform die 
filling and ultimately consistent tablet 
weight uniformity.”

However, Warnke warns, for multi-
layer tablets, the benefits of the down-
ward motion of the punch are only 
achieved for the first or lower layer of the 
tablet. “Any subsequent layers must rely 
solely on blend flow to fill the die cavity. It 
is therefore imperative to select excipients 
that impart the best flow characteristics 
to provide adequate flow characteristics 
to subsequent layers,” he says.

Selecting the optimal excipient for 
the first layer is also important to en-
sure the surface, after tamping, has 
a rough enough porosity to allow for 
adequate adhesion of the second layer, 
continues Warnke. “It has been shown 

that if the first layer is too smooth (due 
to makeup or excessive tamping) the 
second or subsequent layer will not ad-
here well and layers may separate with 
minimal agitation (i.e., during ejection, 
discharge, packaging, or over the shelf-
life of the product),” he says.

“Due to the fact that the first layer [in a 
multi-layer tablet] is generally subjected 
to low compression forces, the formula-
tion should be able to cope with further 
compression in the second phases of 
tableting without leading to a fragile tab-
let,” adds Giatti. Furthermore, selecting 
an excipient with good compressibility 
can improve the overall tableting output 
and help to overcome the potential prob-
lem of later separation and delamination 
and capping, she notes.

“To conclude,” continues Giatti, “the 
flowability of the formulation of the first 
and second layer should be good enough 
to not generate any issues during the 
feeding of the tablet press that could 
cause a reduction of output or [overall 
equipment effectiveness] of the manu-
facturing equipment.”

Regulatory factors
Widely encompassing regulatory factors 
are to be considered when approaching 
bi-layer tablets: following the correct 
good manufacturing practice approach 
to ensure a high-quality tablet is pro-
duced that complies with the standard 
customer specifications and pharmaco-
peial requirements, specifies Giatti. “At 
the same time, tablets must be defect-free, 
capping and separation of the two indi-
vidual layers should be prevented, and the 
final tablet hardness has to be sufficient 
to cope with downstream processes or 
handling,” she adds.

A deep analysis of any incompatibility 
between the API and excipient is critical, 
and the cross-contamination among the 
layers should be avoided, asserts Giatti. 

“Finally, the two layers should be clearly 
separated to ensure the correct API re-
lease, to avoid undesired contamination, 
and for aesthetic reasons,” she says.

“Bi-layer (and multi-layer) products 
fall into the category of combination 

Development

Contin. on page 46
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fact, it is estimated that only 10–15% of 
the drug administered reaches the deep 
lung, as about 20% of the drug adminis-
tered is lost in the oropharyngeal tract 
and the remaining percentage is not re-
leased from the carrier (2,3). Delivery 
efficiency is especially hindered on the 
delivery of higher dosages; as the drug 
load in the blend increases, the aerody-
namic performance decreases, propor-
tionally (4). Another limitation of these 
formulations is the inability to act as a 
solubility enhancer for poorly water-sol-
uble compounds; it is not the main 
purpose of carrier-based formulations 
to modify or improve the surface of the 
API and consequently, its dissolution 
rate. Lastly, carrier-based formulations 
require a micronization step, which 
makes its applicability to sensitive com-
pounds, such as biopharmaceuticals, 
challenging. The molecular weight of 
biologic molecules under development 
for inhalation ranges from a few kDa to 
about 50 kDa. Larger molecules present 
increased difficulties when developing 
a formulation for inhalation, given the 
increased likelihood of chemical and 
physical stability challenges (5).

Role of particle engineering
A new formulation strategy reveals a 
promising and innovative way of in-
creasing the pulmonary deposition of 
drugs. Spray drying (SD) is the gold 
standard particle engineering technol-
ogy usually employed in the manufac-
turing of engineered particles in which 
the API is alone or embedded within 
an excipient matrix (6). SD enables the 
production of inhalable powders with 
increased control over particle size, 
morphology, and density by fine-tun-
ing formulation composition and pro-
cess parameters.

Particle engineered formulations 
produced by SD have an optimized 
aerodynamic performance, leading 
to an increased fine particle fraction 
(FPF), meaning a higher delivery to 
the deep lungs. The optimized perfor-
mance of carrier-free particles is due to 
the intentional particle design, as well 
as better powder uniformity and aero-
solization (3). Particle design upon SD 

P ulmonary delivery is a well-re-
searched, non-invasive method 
for local and systemic drug de-

livery of APIs. The lungs have unique 
features, such as large surface area, 
thin alveolar capillary membrane, low 
enzymatic activity, and absence of first-
pass metabolism, making this route 
of administration attractive for drug 
delivery (1). Although there are three 
major strategies to succeed in deliver-
ing drugs to the lung (nebulizers, me-
tered-dose inhalers, and dry powder 
inhalers [DPIs]), DPIs allow for an 
immediate delivery without propellants.

DPIs are a combination of device and 
dry powder capable of delivering, upon 

patient breathing, APIs to the lung sur-
face. To accomplish this delivery, the de-
vice must ensure efficient particle aero-
solization, and the formulation should 
have suitable aerodynamic properties. 
Amongst DPIs, carrier-based formula-
tions are the most well-known and es-
tablished. These formulations comprise 
a physical mixture of large carrier parti-
cles and micronized API with optimized 
size and morphology (2). Fine particles 
of excipients might be added to these 
mixtures to improve the aerodynamic 
performance of the drug product.

Carrier-based formulation challenges
Carrier-based drug products present 
some advantages, namely improved 
stability as a result of the dry crystalline 
state and a robust manufacturing pro-
cess. These formulations, however, have 
some drawbacks, such as an inefficient 
drug deposition in the deep lung; in 

Particle performance in a DPI can be 
optimized by fine-tuning the formulation 
and manufacturing process parameters.

Spray Drying as an 
Enabling Technology for 
Inhalation Drug Delivery
Susana Saldanha, Beatriz Fernandes, and João Ventura

Susana Saldanha, PharmD, and  
Beatriz Fernandes, MSc, are both 
formulation development scientists at 
Hovione. João Ventura, PhD, is director of 
Technology Development and Licensing at 
Hovione Technology.  
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is achieved by the association of ingredi-
ents with different roles within the same 
power, and by adjusting the SD process 
parameters, leading to different parti-
cle morphologies and interactions. As a 
consequence, the SD technology enables 
a reduction of the API concentration in 
the formulation while maintaining the 
amount delivered to the target (7). Ad-
ditionally, amorphous solid dispersions 
manufactured by SD are extensively used 
for solubility enhancement for other de-
livery routes and have shown similar re-
sults on pulmonary delivery (8). Another 
SD application is the stabilization and 
effective pulmonary delivery of biophar-
maceuticals within composite engineered 
particles, while preventing product de-
naturation at high temperatures due 
to the flash-drying phenomenon (5).

Challenges during composite  
particles development
In spray drying, both a feed solution 
and suspension can be processed. The 
feed is atomized in a nozzle into a fine 
spray which is typically flash dried by a 
co-current stream of hot nitrogen. The 
particles, once formed, are collected in 
cyclones and/or bag filters and the dry-
ing gas recycled after condensing the 
removed solvent.

There are a limited number of ex-
cipients suitable for lung delivery, and 
excipient choice is driven by stabiliza-
tion of the API, which translates into 
stabilizing the amorphous form of an 
API or decreasing the mobility of a bio-
molecules, improvement of formulation 
dispersibility by adding a shell former 
to maximize aerodynamic performance, 
and, if required, permeability enhance-
ment by adding a lipid for instance (3). 
Consequently, to take advantage of the 
SD technology during the preparation 
of composite particles for inhalation, it 
is mandatory to perform adequate ex-
cipient selection (9).

The SD technique enables the produc-
tion of inhalable particles with controlled 
particle size, water content, morphol-
ogy, and density by tuning not only the 
formulation composition, but also the 
process parameters. There are several 
phenomena to take into consideration in 

the SD process: the atomization that is 
key for determining the droplet size and 
later on the particle size; the particle for-
mation, with the process drying kinetics 
impacting particle size and morphology; 
the overall f luid dynamics across the 
equipment, dictating drying efficiencies 
and overall yields on the collector, as well 
as the overall process (3,8). Adequate 
process development and adjustment of 
process parameters allow a tight control 
in the powder characteristics and an 
improvement of powder uniformity, dis-
persibility and, consequently, aerosoliza-
tion behavior. This process development 
ultimately results in a drug product with 
an augmented delivered dose to the 
lungs, without increasing the emitted 
dose, which benefits the overall safety of 
the drug product with a reduction in the 
adverse side effects experienced by pa-
tients with respiratory diseases. Further-
more, from the manufacturer’s point of 
view, SD technology represents an easy 
to operate, flexible, readily scalable, and 
time-effective technology (9).

Case study
As a case study, consider the DPI devel-
opment of a synthetic peptide AP301 
(Solnatide) designed to activate the 
epithelial sodium channel (ENaC) of 
type II alveolar cells of lungs. Solnatide 
requires a high dosage delivery to clear 
pulmonary edema arising, for exam-
ple, from high altitude exposure, blood 
transfusions, or lung infections (e.g., 
pneumonia and influenza) (10).

The SD process development targeted a 
drug-alone product (i.e., free of additional 
excipients) suitable for lung delivery. The 
goal was to obtain different particle size 

distributions (PSD) aiming to reduce the 
adhesive/cohesive forces that are typically 
present in composite particles. 

A disposable, prefilled device (Twin-
Max, Hovione), which was designed to 
handle high dosage delivery of chal-
lenging powders, was used (see Figure 1). 
Three device prototypes were studied, 
with the aim of maximizing the dis-
persive forces and powder deagglom-
eration. A prefilled device (as opposed 
to a capsule-based DPI) is an advantage 
for rescue/emergency treatments. Since 
the device is prefilled, the cohesive/ad-
hesive balance must be fine-tuned and 
optimized to have lower adhesion to 
the device as well as lower attachment 
to the coarse lactose, aiming for an in-
creased fine particle mass (FPM).

The engineered particles were man-
ufactured using a Büchi unit model 
B-290 Advanced, by spraying a solution 
of the API (AP301) in water. The atomi-
zation ratio was optimized to refine the 
PSD and to optimize the cohesive-ad-
hesive balance between particles and 
devices’ surface (see Table I). 

The results in Table I show that the 
manipulation of the ratio of atomiza-
tion allowed a fine control of the PSD 
(with all Dv50 values comprised be-
tween 2 and 3 μm). All powders were 
found to be amorphous, with a very 
high purity and a low water content 
(KF < 5%). All powders presented bio-
activities comparable with the starting 
raw material (SRM), indicating the SD 
process does not lead to degradation or 
loss of function.

The batches obtained were charac-
terized in terms of their aerodynamic 
performance using an Andersen Cas-

Manufacturing

Figure 1. A disposable DPI (TwinMax, Hovione) with a) shuttle in storage 
position and b) shuttle in actuation position.
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cade Impactor, with TwinMax proto-
types operating at ~40 L/min for 4 kPa. 
The parameters analyzed were emitted 
mass (EM) (mg) and FPM (mg). A total 
of three replicates were carried out to 
characterize the selected combinations 
of powder and device shown in Figure 2. 

The results reveal that the strategy 
of improving the aerodynamic perfor-
mance through particle size manipu-
lation was fruitful. Comparing batch 
1, 2 and 3 filled in TwinMax, a depen-
dency of aerodynamic performance on 
particle size can be observed; batch 2 
(larger particles, Dv90 of 5.9 µm) re-
sult in a DPI with a significantly higher 
EM, while the remaining formulations 
present a higher retention on the device 
surfaces upon actuation. Additionally, 
FPF is inferior for batch 1 (smaller par-
ticles, Dv90 of 3.9 µm). This result can 
be explained by the increase of surface 
area with the decrease of particle size, 
leading to more significant particle ag-
glomeration, and more energy required 
to deagglomerate. It is important to 
note all batches are within the inhalable 
range, and the dependency is expected 
to be inverse for larger particle sizes, as 
the FPM would decrease. Comparing 
the results of the batch 3 filled into the 
three prototypes, prototype 1 presents 
superior performance. The combina-
tion of Batch 3 and TwinMax 1, with a 
Dv90 of 4.9 μm, yielded an EM of 80 mg 
(a 15% increase when compared with 
Batch 1). Overall, these results suggest 
that a compromise between PSD, EM, 
and FPM should be considered, since 
higher PSD lead to higher EM but, in 
general, to lower FPM as a consequence 
of a different balance between cohesive 
and adhesive forces. Additionally, Twin-
Max 1 was the most promising device, 
with a FPM above 30 mg, which is a 
high result considering the prototype 
nature of the device. 

Conclusion
In conclusion, SD technology enables 
the production of inhalable particles 
with improved characteristics, such as 
controlled particle size, morphology, 
and density. This control is possible 
through fine-tuning of formulation 

composition and optimization of pro-
cess parameters, such as the solvent 
system, solute concentration, atomi-
zation, feed f lowrate, drying gas rate, 
and others.

The protein AP301 spray-dried pow-
der in combination with the TwinMax 
device shows how SD can be applied to 
design a high-dosage, stable DPI contain-
ing a biopharmaceutical, with adequate 
aerodynamic performance and without 
affecting the molecule bioactivity.
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Table I. Spray drying conditions and analytical characterization of three 
manufactured batches. AR is atomization ratio; SRM is starting raw material; 
PSD is particle size distribution; Dv indicates the percentage of particles with 
diameters smaller than the value in the table; KF is Karl Fischer water content; 
XRPD is x-ray powder diffraction. Purity was measured by high performance 
liquid chromatography (HPLC).

Batch 1 Batch 2 Batch 3

Atomization ratio ARinitial 0.65 x ARinitial 0.80 x ARinitial

PSD (µm)
Dv10
Dv50
Dv90

0.9
2.3
3.9

0.9
3.0
5.9

0.8
2.5
4.9

KF (%) 4.9 3.4 3.9

XRPD Amorphous Amorphous Amorphous

Purity (by HPLC) (%) 97.3 97.3 97.3

Bioactivity Same as SRM Same as SRM Same as SRM

Figure 2. Aerodynamic performance of three batches of an SD drug product 
in three TwinMax DPI prototype devices, as measured using an Andersen 
Cascade Impactor. The red line represents the target fine particle mass.
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“We have seen more approvals for 
products in plastics especially during 
the past five years,” reports Brandes. He 
notes plastic syringes often are chosen 
for specific applications such as contrast 
imaging agents, hyaluronic acid, and 
Botox as well as for products that are 
sensitive to silicone oil. Plastic syringes 
also function well in auto-injectors. 

According to Novak, about 60% of 
prefilled syringes are staked-in needle 
syringes, but there are considerable re-
gional variations. The most common 
prefilled syringes are 1-mL long and 
1-mL short. The most prevalent appli-
cations include anti-coagulant (glass 
1-mL long), vaccines (glass 1-mL short), 
and isotonic solutions where PP is the 
material of choice. “With the existing 
COVID-19 challenge, a significant in-
crease in vaccines is expected world-
wide,” says Novak. This growth will 
stem from COVID-19 vaccines as well 
as heightened interest in established 
vaccines (e.g., flu).

Prefillable syringes are delivered as 
bulk goods or ready-to-fill (RTF). Ger-
resheimer’s bulk syringes are provided 
as unsterilized glass bodies in f lat 
(Rondo) trays or customized packaging 
designs (e.g., bags). Its Gx RTF syringes 
are presented as washed, sterilized RTF 
components to pharmaceutical and 
contract manufacturing operations and 
are available in glass or plastic. Fill vol-
umes range from 0.5 to 5.0 mL, with the 
most common volumes falling between 
0.5 mL and 3.0 mL. 

Prefilled syringe innovations
Innovations from suppliers accentuate 
the ease-of-use attributes of prefilled 
syringes and focus on adding sizes 
(particularly for larger volumes), re-
ducing waste, and patient and care-
giver comfort and safety. 

Gerresheimer has expanded its range 
of prefillable polymer syringes for sen-
sitive biologics, biosimilars, and biobet-
ters to include a Gx RTF ClearJect COP 
needle syringe, 1.0-mL luer lock. 

At West Pharmaceutical Services, line 
extensions include insert needle syringes 
(the plastic version of a staked needle 
glass syringe) and more needle sizes and 

P refilled syringes continue to evolve 
to enhance operation, support in-
creased automation of the fill/finish 

line, and boost productivity and output. 
Syringe innovations also increase patient 
and caregiver safety and efficiency and 
reduce waste of product and packaging 
materials. “Since it is already packaged 
ready for the injection, the prefilled sy-
ringe saves time and avoids unneeded 
handling prior to the actual application, 
minimizing the risk of the injection 
errors, dilution errors, or non-sterility 
issues [that are a risk in] multi-dose con-
tainers,” explains Wenzel Novak, global 
senior director of business development 
at Gerresheimer Medical Systems.

Novak estimates that prefilled sy-
ringes currently account for 10–15% 
of the parenteral market and antici-
pates rising demand. A market study 
by Emergen Research predicts sales 

of prefilled syringes will expand at a 
compound annual growth rate of 8.9% 
between 2019 and 2027 to nearly dou-
ble in value to $9.11 billion in 2027 (1). 
Driving forces include vaccine pro-
duction as well as the adoption of 
self-administered biologics for chronic 
conditions such as diabetes and au-
to-immune diseases (1). 

“If you look at the top 40 injectable 
products, all are being used with pre-
filled syringes,” reports Dr. Nicolas 
Brandes, director of product manage-
ment, Polymer Prefilled Syringes and 
Vial Containment at West Pharmaceu-
tical Services. 

Prefilled syringes can be made of 
glass or plastic such as cyclic olefin 
polymer/cyclic olefin copolymer (COP/
COC) or polypropylene (PP). Glass 
dominates in most markets. Novak pre-
dicts, however, that the share of co-in-
jection-molded COP/COC prefilled sy-
ringes will grow from 2% to more than 
5% during the next decade. 

Container and equipment  
innovations expand applications. 

Innovations Meet  
Growing Demand  
for Prefilled Syringes 
Hallie Forcinio

Hallie Forcinio is packaging editor  
for Pharmaceutical Technology, 
editorhal@sbcglobal.net.
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product volume options. “In the past 
three to five years, we have seen more 
approvals in the larger 2.5-mL format,” 
reports Brandes. The larger volume re-
duces the number of syringes needed per 
dose and improves efficiency and com-
fort. There’s a trend toward finer needles 
too. “Smaller, thinner needles mean less 
pain,” he explains.

User-friendliness is the goal behind 
a collaboration between Gerresheimer 
and Stevanto Group whereby Stevanato 
supplies its ITC twist-off closure sys-
tem for Gerresheimer’s Gx RTF luer 
lock syringes. The integrated seal cap 
consists of an elastomeric component, 
which is available in different formula-
tions, and a rigid, translucent polymer 
cap. Advantages include greater sta-
bility and shelf-life protection versus 
traditional luer cone systems (2).

Prefilled syringes offer sustainabil-
ity benefits by eliminating multi-dose 
vials and related production and han-
dling as well as product waste associ-
ated with leftover product. Still, says 
Brandes, “there’s a lot of room for 
improvement. Current systems create 
a lot of waste.” But efforts are being 
made to reduce scrap rates and to re-
cycle tubs that hold nested containers 
during the fill/finish process.  

To meet the priority of product safety, 
suppliers seek designs to prevent needle-
stick injuries and to protect product 
quality by minimizing particulates and 
eliminating product interaction with 
tungsten or silicone residues. For tung-
sten-sensitive products, Gerresheimer 
Biological Solutions offers a metal-free 
manufactured syringe. With this pat-
ented technology, the pin used for conical 
shaping is made of a ceramic rather than 
tungsten or another metal. 

Silicone oil is commonly used to 
facilitate syringe performance but 
can cause aggregation and particu-
late problems for sensitive biologics. 

“There’s a push by ophthalmologists 
and regulatory bodies to move away 
from siliconized formats,” reports 
Brandes. “Some patients have reac-
tions to silicone, and over time with 
repeated injections, the material can 
accumulate [in the eye],” he explains. 

One silicone-free option combines 
ImproJect plungers from W.L. Gore 
& Associates with syriQ BioPure sili-
cone-free syringes from SCHOTT. The 
system opens the door for many sensi-
tive products to move into the prefilled 
syringe format. Until the advent of a 
silicone-free design, “Pharmaceutical 
manufacturers seeking to avoid sili-
cone-induced aggregation and sub-vis-
ible particles have had to choose vials 
even when they wanted to offer other 
delivery options,” said Christiane Gu-
mera, product specialist at W.L. Gore 
& Associates. Careful attention to sy-
ringe geometry and dimensions of the 
syriQ BioPure syringes helps ensure a 
consistent gliding force and injection 
duration over the shelf-life of the prod-
uct and maintains container/closure 
integrity without the use of silicone. 
Ultra-low tungsten residuals and mini-
mal cannula adhesive residuals further 
reduce the extractible profile and the 
risk of container/drug interactions (3). 

To prevent potentially hazardous ac-
cidental needlesticks and comply with 
regulations in various parts of the globe, 
some syringes like Gerresheimer’s In-
noSafe product incorporate a pre-applied, 
passive safety device. With the pre-ap-
plied device, there’s no need for post-fill-
ing assembly equipment or for healthcare 
professionals to install a guard before an 
injection is given. Advantages include 
improved compatibility with auto-injec-
tors and a completely hidden needle that 
gives patients with needle-phobia a bet-
ter experience. The design also prevents 
accidental reuse and runs on existing 
fill/finish lines without any additional 
equipment or process steps. 

Finally, COVID-19 has spurred the 
development of prefilled syringes, par-
ticularly with regard to low-tempera-
ture storage. Brandes predicts, “Right 
now all COVID-19 vaccines are in 
vials, but in the next two to four years 
we will see a novel type of syringe that 
handles -80 ºC.” 

Fill/finish innovations 
Innovations on the fill/finish line 
focus on automation and f lexibility 
for higher output, greater efficiency, 

and faster return on investment. As 
batch sizes shrink, demand for f lexi-
bility rises. Brandes explains, “Flexibil-
ity makes it possible to fill a batch of 
10,000 units in vials and then switch to 
a different packaging format and drug 
on the same line. There’s no need to 
invest in separate lines for vials, car-
tridges, and syringes.”  

Driving forces behind automation 
include consistency, regulatory needs, 
and labor requirements. “Automation 
greatly increases consistency and de-
creases the possibility for human error, 
and also can provide opportunities for 
enhanced inspection capabilities—in-
cluding those that consider visual at-
tributes, weight, and fill volume,” says 
Deborah Smook, vice-president of 
Marketing & Business Development 
at TurboFil Packaging Machines. She 
notes, “FDA preferences are another 
consideration. FDA prefers less—ide-
ally no—touching of syringe compo-
nents for aseptic filling/processing. 
Finally, automation decreases labor 
requirements, diminishes the difficul-
ties of working in a cleanroom with 
full personal protective equipment, 
and reduces the likelihood of repetitive 
motion injuries.”

A $50-million expansion at Baxter 
Biopharma Solutions in Bloomington, 
Ind., will boost efficiency and enhance 
product quality with the installation 
of a high-speed automated syringe 
fill line capable of handling up to 600 
units/min and other improvements (4). 
A fully automated debagging system 
for RTF syringes has been installed on 
the newest fill line, and an automated  
inspection machine has replaced an 
older system.  “[Secondary] packag-
ing lines also feature new packaging 
options that are plastic-free, as well as 
tamper-evident,” reports Wendy Saf-
fell-Clemmer, lead scientist and senior 
director, Baxter. In addition, she says, 

“Both one-dimensional and two-dimen-
sional online barcode printing is avail-
able. Lastly, information technology 
systems supporting serialization can 
communicate with the customer’s sys-
tem to ensure that the serial numbers 
applied are unique and traceable across 

Manufacturing
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the network of product manufacturing 
sites the customer may be using.”   

The new systems were carefully 
evaluated with particular attention to 
prior experience with the instrument 
manufacturer, anticipated customer 
requirements, and the available foot-
print for installation. “New automation 
technologies were selected to enhance 
efficiency as well as product quality,” 
says Saffell-Clemmer. “For example,” 
she reports, “the newly installed in-
spection machine has the latest vision 
systems, which can reduce the false de-
tection rate as well as offer a solution 
to detect particles in heavy suspension 
products such as vaccines.” 

Civica Rx is building a greenfield, 
120,000-ft2 aseptic fill/finish operation 
in Petersburg, Va., as part of a man-
ufacturing partnership with Phlow 
Corporation, AMPAC Fine Chemicals, 
and Virginia Commonwealth Uni-
versity’s Medicines for All Institute. 
The plant in Petersburg will start up 
with one syringe- and one vial-filling 
line with space available for another 
vial or syringe line. The syringe line 
is rated at up to 50 million units/yr. 
Isolator-equipped automated fillers 
with automatic vision inspection are 
designed to minimize manual inter-
vention and maximize quality, com-
pliance, and assurance levels. Automa-
tion “allows the product to be washed 
and filled at tight tolerances with no 
human touch,” reports Stan Benson, 
vice-president and general manager, 
Civica Petersburg. 

In-process control and weighing of 
each syringe before and after filling 
ensure precise fill volumes. Automatic 

micro-adjustments maintain fill ac-
curacy throughout the batch. Vacu-
um-assist stoppering minimizes ox-
ygen levels within the headspace (i.e., 
the distance between the product and 
the plunger). The low oxygen levels 
and small headspace enhance product 
stability and protect product potency. 

All product contact surfaces—from 
the compounding vessel to the filling 
needles—are single-use and arrive 
gamma-sterilized and ready to use. 

“Single-use systems eliminate the need 
for clean-in-place and sterilization 
processes that consume testing and 
energy [resources],” explains Benson. 
Each syringe will undergo automated 
visual inspection to confirm container 
and closure integrity and fill volume 
and check for container flaws and par-
ticulates. High-voltage leak testing will 
help check for glass deterioration.  

On the equipment side, TurboFil 
Packaging Machines offers several sy-
ringe filling options including rotary 
indexing monoblocks, walking beam 
fillers, and robot-assisted parts assem-
bly. “Syringe formats are more varied 
than vials and require a more flexible 
approach to overcome the challenging 
filling issues surrounding product vis-
cosity, air evacuation, leakage, and of 
course, accuracy,” explains Smook. 

Employing a versatile yet precise 
setup that accurately fills syringes via 
a ceramic piston, peristaltic pump, or 
direct draw from a reservoir bag, Tur-
boFil’s SimpliFil syringe filling and 
assembly system handles small to me-
dium batches. Its walking beam index-
ing configuration provides intuitive 
operation and simplified, recipe-based 

changeover. For heightened precision, 
TipFil technology allows syringes of 
all types to be filled through the tip—a 
step-saving innovation that eliminates 
the need to insert plungers post-filling. 

Offering full control of filling pa-
rameters in single or dual operation, 
the benchtop TipFil syringe filler ac-
curately and consistently fills up to 
12 units/min. A servo-driven piston 
mechanism draws the needle back 
via the plunger, with the distance the 
plunger is moved dictating the amount 
of drug filled. Among other benefits, 
this method eliminates the need to 
clean an extraneous metering device. 
A key attribute of the system is its ver-
satility. The unit can perform through-
the-tip filling for liquids or viscous 
products for typical infeed scenarios 
including hoppers and reservoirs. An 
optional attachment makes it possible 
to fill bottles or vials. Suckback control 
heightens fill accuracy, and all product 
contact parts are fully disposable.
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products, and thus must have a ther-
apeutic ‘reason for being’,” states Car-
panzano. “Clinical studies to support 
the combination must therefore be es-
tablished and approved.” The analysis, 
method development, validation, and 
quality control of bi-layer tablets is more 
complex than for monolayer products 
and, as a result, can be a more time-con-
suming process, he notes.

An under-used option
Ongoing research into various disease 
areas that demand a multi-targeted 
approach is broadening the potential 
utility of bi-layer tablets for developers, 
asserts Giatti. “[Bi-layer tablets offer 
developers] a real chance to reduce the 
number of medicines being taken by 
a patient, increasing medication com-
pliance on one hand, and reducing the 
potential for administration error on 
the other, which in turn increases the 

therapeutic effect of medicines being 
prescribed,” she says.

“In my opinion, multi-layer tablets are 
still under-utilized and can offer cost-ef-
fective alternatives to much more com-
plex drug delivery options, both in imme-
diate-release as well as in modified-release 
formats,” summarizes Warnke. “Even 
with the advent of 3D printing of tablets, 
multi-layer tableting remains a much 
cheaper option, especially in the case of 
high production volumes.” PT

Development — Contin. from page 34 



Presenters

Moderator

Liang Mao
Director, Developability and  

Formulation Research 
WuXi STA

Rita Peters 
Editorial Director 

Pharmaceutical Technology

Using Absorption 
Prediction Tools to Optimize 
Formulation Strategy at the 
Preclinical Stage

Register for this free webcast at:  
www.pharmtech.com/pt_p/stage

Sponsored by Presented by

For questions email 
kbarry@mjhlifesciences.com

ON-DEMAND WEBCAST
Aired: Tuesday, June 29, 2021

Event Overview
Effective prediction tools—used in the preclinical stage of drug 
development—can help formulators better understand the rate, 
extent, and limitations of absorption of a novel drug candidate. 
These tools—along with in-vivo animal studies—also can 
help evaluate the effect of different of formulations to guide 
formulation selections. 
Register for this webinar to learn about tools and technologies 
that enable cohesive data generation and analysis to lead to 
informed formulation decisions in the preclinical stage. Cases 
studies demonstrating applications for the tools will be shared.

Key Learning Objectives
•  Understand the importance of assessing absorption 

challenges early
•  Review tools and technologies that have demonstrated cost 

and time savings
•  Learn how CDMO/sponsor partnerships can best use 

developability technologies

Who Should Attend
• Head of new drug development
• Head of pharmaceutical R&D
• Head of Formulation Development
• Head of CMC
• Formulation scientist
• Drug development scientist

Rick Panicucci 
SVP CMC  

QED Therapeutics

https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.jsp&partnerref=MJHPUB&eventid=3202288&sessionid=1&key=0FCD298BA28B68C20DFA2C6DF653CC3E&regTag=&V2=false&sourcepage=register


48    Pharmaceutical Technology JULY 2021  PharmTech .com

V
E

C
T

O
R

P
O

C
K

E
T

 -
 S

T
O

C
K

.A
D

O
B

E
.C

O
M

Peer-Review Research

M 
ore than 40% new chemical entities (NCE) devel-
oped in pharmaceutical industries are insoluble 
in biological fluid, thus making solubility a major 
challenge for any formulation scientist. Good dis-

solution in biological fluids aids in complete absorption and 
bioavailability for orally administered drugs (1,2). Raloxifene 
hydrochloride (RLX) is classified as a selective estrogen recep-
tor modulator used in post-menopausal osteoporosis. World-
wide osteoporosis causes more than 8.9 million fractures an-
nually (3, 4). RLX belongs to Biopharmaceutics Classification 
System (BCS) class II, and its oral bioavailability is only 2% 
due to its low aqueous solubility (0.25 mg/L in water) and ex-
tensive hepatic first pass metabolism (5,6). Various methods 
have been studied for improvement of solubility and dissolu-
tion rate of RLX in pharmaceutical formulations, including but 
not limited to nanoparticles (7), co-grinding (8), spray drying 
(9), supercritical solution (10), liquisolid compacts (11), inclu-
sion complexes (12), solid dispersion (13), and microemulsion 
(14). In a previous study, a liquid-solid compact (LSC) method 
to enhance the dissolution rate of RLX in tablet formulation 
was proposed (15). However, the weight of the final tablet was 
found inappropriate because the amount of the bulk observed 
in LSC was high. Hence, the aim of the present study was to 
enhance the dissolution rate of RLX as well as to overcome the 
drawback of the previous study. This method enhances oral 
bioavailability through a modified LSC (MLSC) approach. The 
MLSC technique is effective in increasing the bioavailability of 
RLX as compared to the LSC method. In this technique, poorly 
soluble drug is converted into a drug solution by the addition 
of a suitable non-volatile liquid and solubilizers (16).

Materials and methods
Materials. RLX was received as a gift sample from Cadila Phar-
maceuticals. Other materials obtained were propylene glycol 
(PG) and Tween 80 (Merck Specialities); polyethylene glycol 
(PEG) 400 and PEG 600 (Loba Chemie); Capmul MCM 30 
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Formulation of Modified 
Liquid-Solid Compact for 
Dissolution Enhancement of 
Raloxifene Hydrochloride  

Raloxifene hydrochloride (RLX), used in post-
menopausal osteoporosis, is a class–II drug as 
per Biopharmaceutics Classification System. 
The purpose of this research was to formulate 
modified liquisolid compacts (MLSC) of RLX for 
improved dissolution in immediate-release tablet 
formulations. Preliminary trials on selection of 
excipients were performed. Fourier transform 
infrared spectra illustrated no interaction between 
drug and MLSC powder. The X-ray diffraction 
studies demonstrated the transformation 
of the crystalline nature of drug into partial 
amorphous state in MLSC. After all experimental 
results on selection of excipients were analyzed, 
the final tablet formulation was derived and 
manufactured. The results of an in-vitro drug 
release study from the selected batch illustrated 
a remarkable improvement in the dissolution 
rate as compared to reference product. An 
accelerated stability study as per the ICH Q1 (R2) 
guideline of the optimized batch was performed 
for six months and showed no significant change 
in critical quality attributes of formulation. 

Gayatri Patel, Dharmang Pandya, Pushti Gandhi, and Rajesh Parikh



Pharmaceutical Technology  JULY 2021    49

(Abitec); capryol 90, lauroglycol, and Labrafil (Gattefosse); Avi-
cel 101 and 102 (FMC Biopolymer, Ireland); Avicel112 (FMC 
Biopolymer, Belgium); Aeroperl 300, Aerosil 200, and Aerosil 
300 (Evonik Industries); and Kyron T 314 (Corel Pharma Chem). 
Other tableting excipients were obtained from SD Fine Chem. 
All other reagents used were also of analytical grade. 

Methods. MLSC system comprises non-volatile liquids, 
solubilizer, carrier material, coating material, matrix pore 
former, and other suitable tableting excipients. The follow-
ing sections describe the method for selection of suitable 
excipients for MLSC system (17,18). 

Selection of non-volatile liquid and solubilizer other than non-volatile liquid. 
Solubility method was used to select the suitable non-volatile 
liquid. In this method, solubility of RLX was determined in se-
lected non-volatile liquids (PEG 400, PEG 600, Glycerin, Tween 
80, Labrafil, Capryol 90, Capmul MCM30, Lauroglycol, PG, and 
blends of non-volatile liquids, in 5-mL total volume of each). 
TPGS 1000 (d-α-Tocopheryl polyethylene glycol 1000 succinate) 
in a concentration range of (0.5–2% w/v) and polyvinylpyrroli-
done (PVP) K30 in a concentration range of (1–3 %w/v) were se-
lected as additional solubilizers based on the reported literature.

Selection of carrier. Binding capacity method was used to select a 
suitable carrier for the liquid blend. Avicel PH101, Avicel PH102, 
Avicel PH112, dicalcium phosphate, and lactose monohydrate 
were selected as carrier materials. Addition of 0.1 mL of liquid 
blend to 1 g of carrier material was continued until a satisfactory 
range of Carr’s index was attained. 

Selection of coating material. Aerosil 200, Aerosil 300, and 
Aeroperl 300 were used as coating materials. The coating 
material that helped the powder blend to exhibit the lowest 
Carr’s index was selected.

Preparation of MLSC. MLSC batches were prepared as per the 
method shown in Figure 1. Tablets were prepared using a rotary 
tablet punching machine under constant pressure by direct 
compression procedure using 10-mm diameter, flat punches.

Evaluation of parameters. Pre-compression studies of MLSC, the 
flow property of MLSC was estimated by determining the 
Carr’s index (19). 

Post-compression studies for the MLSC tablet. For drug content, 20 
tablets were weighed and powdered. An amount of powder 
(each tablet contained RLX 60 mg) was dissolved in 100 mL 
of methanol, filtered, and analyzed for drug content at 287 nm 
using an ultraviolet-visible spectrophotometer (UV-Vis) (20). 
A compendia method was used to determine the uniformity of 
weight and disintegration time (21). A Pfizer hardness tester was 
used to determine hardness, and a friability tester was used to 
measure the friability (22).

In-vitro dissolution study. Dissolution studies were performed 
for prepared MLSC tablets using a dissolution test apparatus 
(EDT08, Electrolab) in 900 mL pH 1.2 acidic buffer maintained 
at temperature 37 ± 0.5 ºC. A type–II (paddle) apparatus was 
used with stirring rate of 50 RPM. The sampling time was set 
at intervals of 0, 15, 30, 45, 60, 75, and 90 minutes. At each time 
interval, a 5-mL sample was withdrawn using a pipette fitted 

Step - 1
• Drug dissolved in 50:50 blend of PG: PEG 600

Step - 2
• Add solubilizer and mix them properly

Step - 3
• Add carrier & mix until carrier particles with

wet surface

Step - 4
• Add coating material (adsorbent) & mix until dry 

surface particles

Step - 5
• Add super disintegrant, lubricant & glidant and 

mix them properly before compression

Figure 1. Method for preparation of modified liquid solid compact (MLSC) tablet. PG is propylene glycol; PEG is 
polyethylene glycol.
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filter. The sample was diluted suitably with pH1.2 acidic buffer, 
and absorbance was measured at 287nm using UV-Vis (13) (22). 
Equation 1 was used to calculate the concentration of RLX present 
in the sample where absorbance was measured.
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y = 0.0909х + 0.0237

Amount of RLX dissolved 

(mg) (a) = х x dilution factor
1000

% RLX dissolved = a x 100 
60

DE% = ∫   dto y.t

y100
t x 100 

[Eq. 1]  

Where y = Absorbance, x = Concentration of RLX in the 
sample (µg/mL).

The amount of RLX dissolved in dissolution medium was 
calculated from Equation 2. 
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y = 0.0909х + 0.0237

Amount of RLX dissolved 

(mg) (a) = х x dilution factor
1000

% RLX dissolved = a x 100 
60

DE% = ∫   dto y.t

y100
t x 100 

 
[Eq. 2] 

The percentage of RLX dissolved was calculated from Equa-
tion 3. /000
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y = 0.0909х + 0.0237

Amount of RLX dissolved 

(mg) (a) = х x dilution factor
1000

% RLX dissolved = a x 100 
60

DE% = ∫   dto y.t

y100
t x 100 

[Eq. 3]

The dissolution efficiency (DE %) of the optimized formula-
tion was calculated in comparison to API and marketed product 
using Equation 4 (23). 
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y = 0.0909х + 0.0237

Amount of RLX dissolved 

(mg) (a) = х x dilution factor
1000

% RLX dissolved = a x 100 
60

DE% = ∫   dto y.t

y100
t x 100 

[Eq. 4]
 
Where y = time duration, y100= time for 100% release, dt = 

t2 final time duration- t1 initial time duration.
FTIR study. FTIR spectra of pure drug and optimized formu-

lation were recorded by the potassium bromide pellet method 
using an FTIR spectrophotometer at a resolution of 0.15 cm-1 
with wavelength of 4000–400 cm-1 and 20 scan sec-1 scan-
ning speed (24).

X-ray diffraction (XRD). XRD patterns were studied for pure 
drug and optimized formulation using an X-ray diffractome-
ter. Samples were exposed to 1.540 ̊A Cu radiation wavelength, 
voltage 3kv, and scanning speed 4°/min and analyzed over the 
2θ range of 0–801 (24). 

Accelerated stability study. Samples were packed in aluminium 
foil and sealed appropriately to mimic final packaging. Sta-
bility studies were carried out as per International Council for 
Harmonisation of Technical Requirements for Pharmaceuti-
cals for Human Use (ICH) guideline Q1(R2) and analyzed for 
critical parameters (25).

Results and discussion 
Experiments were done to select the optimal type/grade 
and amount of suitable excipients to get a formulation with 
desirable dissolution properties. The following sections 
describe the results of the evaluation of the suitability of 
excipients for the MLSC system.

Selection of non-volatile liquid. Figure 2 describes the results 
of solubility studies of RLX in non-volatile liquids. From the 

results, the highest solubility of drug was observed in PG 
followed by PEG 600, as compared to other selected liquids.

Further solubility studies were carried out on selected blends 
of liquids in the equal ratio (50:50), and these studies concluded 
that the highest solubility was in the PG:PEG 600 blend (Figure 3).

Further solubility studies were carried using selected 
blends (PG with PEG 600) in different ratios. The PG:PEG 
600 blend having equal proportions showed the highest sol-
ubility and was selected for further study. 

Modification in an LSC system was carried out by ad-
dition of selected solubilizers; solubility study results are 
summarized in Table I. 

The highest solubility was in solvent system 7 (equal ratio 
of PG:PEG 600 in the presence of 1% TPGS and 2% PVP 
K30); this system was selected for further study.

Selection of carrier and coating material. Avicel PH101 was 
selected as carrier material as it shows the highest binding 
capacity (3 mL/g) and acceptable flow properties. Aeroperl 
300 was selected as coating material and exhibited good flow 
characteristics amongst all selected coating material.

Selection of superdisintegrant. Four superdisintegrant so-
dium starch glycolate (SSG), Neusilin US2, cross-Povidone 

 

 

Figure 2. Solubility of raloxifene hydrochloride (RLX) in non-volatile liquids (n=3, Mean ± 
standard deviation) 
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Figure 2.  Solubility of raloxifene hydrochloride (RLX) 
in non-volatile liquids (n=3, Mean ± standard deviation).

 

Figure 3. Solubility of raloxifene hydrochloride (RLX) in blends of non-volatile liquids (n=3, Mean 
± standard deviation). 
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(CP), and KyronT-314, were selected for 
tablet preparation, and disintegration 
time was measured. The results are 
shown in Table II.  

After all experimental results on 
selection of excipients were collected, 
batch RDMLSC3 was chosen as the 
optimized batch for further evaluation. 

Physicochemical characterization of opti-
mized batch. Carr’s Index (%) (n=3) was 
found to be 10.00 ± 1.04, which indi-
cates good flow properties of the pre-
pared blend for further compression. 
The selected batch met the require-
ment of an ideal pharmaceutical tablet 
including weight variation, hardness, 

friability, disintegration time, and con-
tent uniformity. All parameter results 
were interpreted with standard limit 
and found to be within acceptable limit.
In-vitro dissolution study. A compara-

tive in-vitro profile of drug dispersion, 
reference product (Ralista 60 mg Tab-
let, Cipla Ltd.), optimized MLSC, and 
LSC batch is presented in Figure 4. From 
the results, statistically significant dif-
ferences were observed for all samples. 
Complete dissolution was observed at 
45 minutes in the MLSC batch, while 
for others, it was extended to more than 
90 minutes. The dissolution efficiency 
(DE) of the reference product was 12.5% 

higher in comparison to API; whereas 
for optimized batch, it was 40% higher 
in comparison to API. It is evident that 
there was a 3.2 times increase in DE % 
of the optimized batch when compared 
to the reference product. 

FTIR and XRD study. FTIR spectra of 
the drug and the optimized batch are 
shown in Figure 5, which shows the re-
tention of all functional peaks of drug 
at the same intensity in the formula-
tion. The XRD pattern in Figure 6 in-
dicates the crystalline nature of drug. 
In the present study, reduced crystal-
linity of drug in MLSC indicates solid 
state interaction of drug with additives 
used in formulation and suggests the 
enhanced dissolution of drug (26).

Stability study. From the results of six 
months of accelerated stability data, the 
optimized formulation of RLX was 
found to be stable with reference to crit-
ical quality attributes, such as physical 
appearance, hardness, and drug content. 
An in-vitro drug dissolution study of the 
optimized batch in pH 1.2 acidic buffer 
at 0, 1, 3, and 6 months, shown in Figure 7, 
suggests no statistically significant differ-
ences ( p>0.05) in drug release data for a 
period of six months. XRD study of the 
stability sample after six months shows no 
changes in initial pattern of MLSC.

Conclusion
The MLSC technique has been used 
for improving dissolution of RLX. In 
this present study, an RLX MLSC tab-
let was prepared with better dissolution, 
which may enhance the absorption and 
bioavailability of the drug in the treat-
ment of osteoporosis. Future work will 
include a long-term stability study as per 
ICH guidelines, a clinical study, and pi-
lot-plant scale up. 
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Figure 4. Comparative in-vitro dissolution profiles of raloxifene hydrochloride (RLX) from bulk 
powder sample, reference product, and optimized batch, LSC is liquisolid compact MLSC is 
modified LSC 
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Figure 4. Comparative in-vitro dissolution profiles of 
raloxifene hydrochloride (RLX)  from bulk powder 
sample, reference product, and optimized batch. LSC 
is liquisolid compact. MLSC is modified LSC.

Figure 5. FTIR spectra of drug (top) and optimized  
batch (bottom).

 

Figure 6. Raloxifene hydrochloride (RLX) pattern comparison of API (top) and optimized 
formulation (bottom) 
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Figure 7. In vitro drug dissolution of raloxifene hydrochloride (RLX) MLSC in pH 1.2 acidic buffer 
at 0, 1, 3 and 6 months 
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Figure 7. In vitro drug dissolution of raloxifene 
hydrochloride (RLX) MLSC in pH 1.2 acidic buffer at 0, 
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products—those pharmaceuticals that 
predate FDA’s updated process valida-
tion and quality by design [QbD] guid-
ance. This approach uses data to develop 
insights into product sustainability and 
risks. It focuses on the evaluation of intra- 
and inter-batch variability for uniformity 
and other critical quality attributes (9–10) 
and can be applied to small-molecule 
manufacturing processes. 

This review process involves com-
prehensive process assessment (i.e., his-
torical data review and the gathering 
of end-to-end manufacturing process 
data); extensive process monitoring, and 
characterization exercises that enable 
lifecycle quality gaps to be addressed.

By allowing sound pharmaceutical 
manufacturing science principles to be 
applied, as well as data analysis, this 
assessment permits legacy product 
quality to be on par with that of any 
products developed by applying QbD 
approaches. Going through this assess-
ment process results in a heightened 
level of product and process knowledge, 
while substantially reducing the risk of 
potential failure.

Documents and methods
Based on the 2011 FDA process valida-
tion guidance and relevant ICH guide-
lines, this assessment method requires 
the use of analytical and interpretive 
methods based on standard statistical 
and data visualization tools. The ap-
proach allows results to be verified at 
any time by both product owner and 
regulator, utilizing standard statistical 
tools. All data sets prepared, transposed, 
and analyzed should be subject to data 
verification procedures to assure data 
accuracy and integrity. 

Documents required for the assess-
ment include the following: 

• standard operating procedures
• master records for process and 

packaging 
• executed batch records for process 

and packaging
• current specifications for in-pro-

cess, finished product, and stability
• analytical test methods and test 

method validation 
• analytical results (in-process,  

T he pharmaceutical regulatory 
landscape and pharmaceutical 
development have been reshaped 

by International Council for Harmon-
isation of Technical Requirements for 
Pharmaceuticals for Human Use (ICH) 
Harmonised Guidelines. ICH guide-
lines Q8–Q12 (1–5), and those in de-
velopment such as ICH Q14 (6), have 
applied science, risk management, and 
quality systems to enhance process 
and product quality. In 2011, FDA’s 
revised process validation guidance (7) 
extended ICH’s concepts to pharmaceu-

tical product lifecycle, an approach that 
is now being applied to cleaning valida-
tion and other areas of manufacturing, 
as well as to clinical trials (8).

Legacy drug products developed 
before any these guidelines were estab-
lished, however, have not undergone the 
same rigor during development as newer 
products. As a result, companies must 
categorize legacy products as being in 
Stage 1, 2, or 3 of the lifecycle and make 
a data-driven assessment to determine 
whether remediation or one of the fol-
lowing plans must be developed: 

• Stage 3b monitoring (for formula-
tions deemed to be robust)

• Stage 3a monitoring that calls for 
additional data to be gathered (in 
order to determine robustness) 

• Stage 1 continuous improvement 
plan.

This article proposes an independent 
structured review process for legacy 

A data-driven strategy can assess the quality 
of legacy drugs developed before 2011 process-
validation requirements were established.

Assessing Legacy  
Drug Quality 
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Event Overview
As global demand for prefilled syringes continues to increase, a 
new format is emerging that utilize blow-fill-seal (BFS) technology 
to meet the demand and provide a cost effective and safe way to 
deliver injectables to patients around the world. Advances in aseptic 
BFS have enabled an increasingly wide range of large molecules to 
be successfully filled and finished using BFS technology, making it 
suitable and qualified to handle most drug products. The reliability 
of BFS PFS and the availability of its materials in major markets 
offers companies a flexible, reliable, and robust supply chain even in 
challenging global environments. .

Key Learning Objectives
•  Learn how this BFS technology can enable prefilled syringes to 

serve the entire injectables market.

•  Discuss project execution strategies and tactics employed to 
achieve the warp speed timeline.

•  Learn how BFS prefilled syringes enable a robust and resilient 
alternate supply chain.

Who Should Watch
Decision Makers, Director Level through C-Suite
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finished product, microbiological, 
stability) 

• annual product quality review 
outcomes 

• investigation reports
• product recall
• field alert report 
• product complaint 
• change control documentation
• stability reports
• product development report 
• tech transfer and scale-up report 
• submission dossiers 
• process performance qualification 

(PPQ) protocols and reports 
• equipment qualification reports. 

The assessment uses current reg-
ulatory standards for validation (e.g., 
from FDA, the European Medicines 
Agency, Health Canada, and the World 
Health Organization). It also uses tools 
and methods such as cause-and-effect 
Ishikawa diagram, scientific rationale 
checklists, decision trees, as well as sup-
porting analytical and statistical tools 
such as Minitab or JMP software.

The assessment focuses on analyzing 
the information and knowledge gained 
from the three stages of the process val-
idation lifecycle: process design, process 
performance qualification, and contin-
ued process verification during com-
mercial manufacturing. It is performed 
in the following two parts:

• Part A involves a holistic regulatory 
compliance review solely focusing 
on the compliance with the life-
cycle-associated regulatory guid-
ance—such as ICH Q8, Q9, and 
Q10 requirements—and future in-
dustry trends—such as ICH Q12, 
Q13 (11), and Q14—and how they 
work in tandem

• Part B is a diagnostic study of the 
current process control (a seven-step 
product assessment process) that re-
sults in determining the adequacy of 
the current control strategy. 

Part A. Compliance review:  
Adherence to FDA process  
validation and ICH guidelines
A comprehensive compliance review is 
designed to summarize and confirm 
compliance with the FDA process val-

idation guidance and ICH and other 
emerging guidance, based on observa-
tion and the available data. The recent 
ICH Q12 document allows use of life-
cycle guidelines for seamless post-ap-
proval change management. Adher-
ence to lifecycle guidance, therefore, 
becomes more important for ongoing 
operational flexibility and compliance. 

Stage I, process design assessment, 
involves the following steps:

• determining the quality target 
product profile and justification 
of critical quality attributes and 
critical process parameters (as per 
ICH Q8) 

• applying quality risk management 
tools (as per ICH Q9) 

• documenting a critical manufac-
turing equipment suitability as-
sessment

• determining degree, and under-
standing variability 

• documenting the product control 
strategy

• determining the availability of 
scale-up trials to determine effects 
of scale. 

Stage 2, process performance quali-
fication review, covers aspects such as: 

• design considerations of a facility 
and qualification of utilities and 
equipment 

• validation of analytical methods 
per analytical QbD (ICH Q 14) 

• utilization of cumulative data from 
all relevant studies to establish the 
PPQ manufacturing conditions 

• number of batches and samples to 
provide sufficient statistical con-
fidence

• application of statistical process 
performance indicators 

• clear documented justification for 
manufacturing process to be in a 
state of control. 

Stage 3, continued process verification 
of the product, includes the following: 

• Continued monitoring and sam-
pling of critical process parame-
ters and quality attributes is at the 
level established during the process 
qualification stage until sufficient 
data is available. 

• An ongoing program is in place to 

collect and analyze product and 
process data, detecting unplanned 
departures from the process. 

• The data collection plan and statis-
tical methods to determine process 
stability and capability is adequate 
in identifying variability in the 
process to signal potential process 
improvements. 

• Review of failures, non-confor-
mances, and trends during commer-
cial manufacturing are conducted.

Part B.  
Control strategy review:  
The seven-step legacy  
product assessment 
The seven steps involved in Part B are 
as follows:

Identify sources of variability (Step 1). 
Variability is caused by contribut-
ing factors associated with materials, 
methods, machine, measurement, 
manpower, and mother-nature (12). 
In pharmaceutical manufacturing, 
this relates to attributes of material, 
formulation and associated processing 
parameters including scale-up factors, 
processing equipment, test method, 
personnel, and facility/utilities (Figure 1). 
The overall critical quality attribute 
(CQA) variability is a function of indi-
vidual component variability.

A cause-and-effect technique is uti-
lized to identify underlying factors 
that could have an impact on CQA 
that would affect patients (i.e., label 
claim CQAs). The assessment includes 
factors and attributes of materials, 
formulation, processing parameters 
and scale-up, processing equipment, 
method and analytical, personnel, and 
facility/utilities as shown in Figure 2.

Criticality assignment (Step 2). The ra-
tionale for the criticality assignment is 
discussed qualitatively (Figure 3). Upon 
identifying the risk factors through 
cause-and-effect techniques, a risk-rat-
ing decision tree (Figure 4) is used to 
analyze the legacy process upon risk 
assessment. The criticality assign-
ment will be commensurate with the 
product/formulation characteristics. 
In addition to any product-specific 
CQAs that would affect the patient, the  

Quality/Regulations
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review should, at a minimum, assess 
the impact of variability factors on 
CQAs (i.e., assay, uniformity, weight 
variation, dissolution, and related sub-
stances). Process variability may affect 
the assay of the drug product, thus the 
impact of sources of variability on 
assay should be evaluated. Variability 
in uniformity and weight variation can 
affect safety and efficacy. 

Formulation, process, and other 
variables may impact content uni-
formity and weight variation. Thus, 

the impact of sources of variability 
on content uniformity should also 
be evaluated. Related substances can 
impact safety and must be controlled 
based on FDA, compendia, or ICH re-
quirements. Formulation, process, and 
other variables can impact related sub-
stances. Risk assessment must cover 
all the formulation and process attri-
butes as shown in the below example 
for uniformity.

The decision tree with a data-driven 
semi-quantitatively risk-rating system 

(Figure 4) is used to prioritize the unex-
amined influencing factors labeled in 
yellow (Figure 3) identified for each ele-
ment. Note that the example provided 
in Figure 3 pertains to factors affecting 
one quality attribute only (uniformity). 
Additional review is warranted when 
the rating value is higher. 

Gap assessment (Step 3). The decision 
tree-based assessment determines 
whether the established current con-
trol strategy for each attribute is sup-
ported by the cumulative documented 

Sources of Variability

Process 
Parameters

Formulation 
Variables

Scale-up 
Effect Equipment Personnel Facilities/

Utilities

Test 
Method

Pharmaceutical 
Unit Operations

Standards Personnel

Input Material 
Attributes

CQA Output 
Materials

CQAs = f(MA1, MA2, MA3 … PP1, PP2, PP3 … FV1, FV2, FV3 … SU1, SU2, SU3 … EQ1, EQ2, EQ3 … TM1, TM2, TM3 … PE1, PE2, 
PE3 … UT1, UT2, UT3 … ST1, ST2, ST3 …)

Instruments/
Equipment

Figure 1. Sources of variability. CQA is critical quality attribute.
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Figure 2.  Ishikawa example (material attributes, formulation, process parameter/scale, equipment, method/analytical, 
personnel, and facility/utilities/environmental). CMA is critical material attribute. CQA is critical quality attribute.
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data from relevant Stage 1 studies (e.g., 
design of experiments; ranging studies, 
laboratory or pilot batches). The con-
trol strategies established to control 
and mitigate the identified risk fac-
tors are then reviewed to determine 
the missing parts. 

This gap assessment also evaluates 
whether the established current control 
strategies are derived based on objec-
tive information/rationale and data 
from original and subsequent process 
design studies. The need for establish-
ing additional controls, including man-

ufacturing process controls, is deter-
mined at the end of the gap assessment. 

The gap assessment also determines 
whether the established current con-
trol strategy is supported by the cu-
mulative data from all relevant studies 
(e.g., designed experiments; laboratory, 
pilot, and PPQ batches). The control 
strategies established to control and 
mitigate the identified risk factors are 
reviewed to arrive at the conclusions. 
The residual risks and the need for 
establishing additional controls, in-
cluding manufacturing process con-

trols, are then identified to initiate a 
heightened sampling and testing Stage 
3a plan for the product.

Lifecycle review and Stage 3a monitor-
ing batch execution (Step 4). The lifecycle 
review should determine, based on 
available lifecycle data, whether the 
current process is operating consis-
tently within the originally established 
control strategy. The control strategy 
gap assessment step also may identify 
the need for additional controls or 
identify gaps in supporting data. The 
lifecycle review will determine if any 
commercial product data supports the 
identified gaps. The data from all three 
stages of the process validation lifecy-
cle (e.g., design of experiments, man-
ufacturing trials, statistical analysis, 
annual product review, and commer-
cial batch data) may enable the devel-
opment of a risk-based control strategy 
that would suitably minimize sources 
of variability. Data from previous cred-
ible experience with sufficiently simi-
lar products and processes may also be 
utilized to support the control strategy. 

Data gaps for legacy products at Stage 1 
QbD, Stage 2 equipment/facility/ 
utility qualification and PPQ, and 
Stage 3 continued process verification 
require that a sampling and testing 
plan be developed under a Stage 3a 
protocol, to further enable prediction 
with adequate statistically significant 
data sets. 

The type of Stage 3a sampling/ 
testing plan developed is based on the 
product/process gaps that have been 
identified. The Stage 3a study focuses 
on processes that have not been char-
acterized, or for which variability has 
not been determined. Extensive data 
must be collected and tested, and a 
monitoring protocol executed by the 
technical operations team responsi-
ble for Stage 1 lifecycle of the product. 
The Stage 3a lifecycle monitoring data 
that are collected supports the identi-
fied gaps or enables closure of existing 
Stage 1 data gaps for the product. 

Data-driven, scientifically sound Stage 
3a monitoring enables the following:

• continual enhancement of the 
product control strategy 
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Figure 3. Example section of factors affecting uniformity variability. CQA 
is critical quality attributes. CPP is critical process parameters. PSD is 
particle size distribution. Ref. Std. is reference standards.
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Aired: Wednesday, June 30, 2021 Event Overview

In-vitro dissolution testing is used to characterize drug compounds throughout 
development to support the choice of a particular formulation, as part of the quality 
control process, and to assess the changes in manufacturing processes or formulation. 
For dissolution results to be meaningful at each stage, the test and the process need  
to be reliable, consistent, predictive, and accurate.

Filtration—as the only sample preparation step—plays an important role in the 
dissolution process; however, it is often taken for granted. The choice of frits or 
syringe filters is may be based on experience with previous formulations or availability 
in the lab. Selecting the incorrect filter can result in inadequate filtration, low 
analyte recovery, solvent incompatibility, or extractables that reduce accuracy and 
reproducibility. Choosing the wrong pore size or device can result in clogging that can 
adversely affect throughput and sample processing.

This webcast will review different membrane characteristics and provide guidance  
in selecting the appropriate filtration devices for sample preparation following  
in-vitro dissolution. 

Topics for discussion include the following:

•   Problems that result from using the wrong filter and steps to solve these problems
•  Filter characteristics that affect drug recovery and downstream analysis, such as 

non-specific binding and extractable levels
• Steps to optimize throughput and reduce downtime 
• A review of membrane properties
• Guidance on the use of multi-layer and automation compatible filters 

Recommendations are presented for choosing the right sample preparation device 
that will help improve throughput, reduce sample processing time, and enhance test 
accuracy and reproducibility.

Key Learning Objectives
• Understand the importance of membrane filters in dissolution testing
•  Review key membrane characteristics that impact quantitation (analyte binding 

and extractables)
•  Learn about key device design features that affect filtration and particle retention 

(pore size, pre-filters, ultrafiltration)

Who Should Watch
• Pharmaceutical R&D
• Analytical R&D
• Pharmaceutical QC Scientists
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• collection and evaluation of infor-
mation and data, such that sources 
of variability can be detected, as 
recommended by FDA process 
validation guidance 

• closure of the characterization gaps 
that were not addressed during 
legacy product development and 
to meet QbD standards, per ICH 
Q8 (R2) 

• determination of intra and in-
ter-batch uniformity as recom-
mended by FDA process validation 
guidance 

• development of a baseline for Stage 
3b monitoring as recommended by 
FDA’s process validation guidance.

ICH Q10 recommends management 
of product and process knowledge 
from development through commer-
cialization and until discontinuation. 
The monitoring batches add to the 
body of knowledge on the product. 
FDA’s process validation guidelines 
allow for use of credible experience 
with sufficiently similar products, 
hence a bracketing approach for mon-
itoring may be applied and conclusions 
can be used for control strategy en-
hancement of similar products. 

The Stage 3a data collection proto-
col (13) developed after gap assessment 
enables in-depth statistical assessment 
of the legacy product. The Stage 3a as-
sessment will also provide a baseline 
for continual Stage 3b program for the 
product. The approach supports the 
organization’s ability to make science- 
and risk-based continual process im-
provement decisions for the product, 
as well as to identify areas where QbD 
development should focus for similar 
manufacturing processes or products. 
The Stage 3a monitoring measures are 
developed in line with upcoming revi-
sions to ICH Q2/Q14 and the proposed 
United States Pharmacopeia General 
Chapter <1220> framework for analyt-
ical QbD, which requires identification 
of adverse trends, allowing proactive 
measures and facilitation of contin-
ued improvements and change control 
through continued monitoring.

Legacy data collection (Step 5). The ex-
tensive data collection step includes 

batch data from development, process 
performance qualification, and com-
mercial manufacturing. The new da-
tabase will include potential variables 
that can impact the CQAs. This will 
include, but will not be limited to, API 
and excipient material attributes, pro-
cess parameters, equipment parame-
ters, hold times, operational variables, 
operation/analytical personnel, instru-
mentation, documented weights/time, 
facility/utility parameters, and inci-
dents. This step will involve extensive 
data set collection, data set review, and 
data preparation for the subsequent 
statistical analysis. 

As a result, the the database must 
be developed so that it maximizes 
the utilization of existing product/
process data for multivariate statisti-
cal analysis such as correlations. The 
database is created for variables that 
can impact CQAs. The database is uti-
lized as a starting point for Stage 3b 
trending and ongoing signal detection 
of the legacy formulations that are de-
termined to be robust post assessment. 

Statistical analysis (Step 6). The data 
collected from Stage 3a heightened 
sampling and the historical batches 
are statistically analyzed to identify 
patterns and insights into the impact 
of potential sources of variability on 
the CQAs. Statistical software tools 
such as Minitab and JMP may be 
utilized. The analysis determines the 
adequacy and suitability of the col-
lected data sets to support the current 
control strategy. The analysis first at-
tempts to determine whether the orig-
inal control strategy developed for the 
legacy product adequately meets the 
current standards. 

Enhancement requirements are then 
determined, based on the correlations 
and trends observed from batch data 
across commercial manufacturing. 
This step includes an assessment of 
within-batch and between-batch vari-
ability, and the associated controls 
available to minimize the variability. 

The statistical assessment can iden-
tify patterns and insights showing the 
impact of potential sources of vari-
ability on the CQAs. The correlation 

between the uniformity results, such 
as blend uniformity (BU) or content 
uniformity (CU), can suggest whether 
adequate mixing is happening and 
therefore justify continuing stratified 
CU sampling in place of error-prone 
and disruptive BU sampling. A fur-
ther statistical criterion can also be 
developed using the assessment: re-
moving the CU sampling once ad-
equate uniformity data have been 
generated. To augment the historical 
data, for example, the variability of 
uniformity is determined with Stage 
3a monitoring batch data generated 
(14). Correlation of process parame-
ters are conducted to determine the 
degree of their influence on the CQAs 
at manufacturing stages. 

The statistical assessments tries 
to address each of the attribute gaps 
identified though Stage 3a heightened 
monitoring and analysis. The rating 
table is then updated based on the 
newly identified and generated data, 
as shown in Table I.

Interpretation of results (Step 7). Inter-
pretation generates actionable recom-
mendations based on the statistical 
analysis. The data-driven estimations 
allow for in-depth product/process un-
derstanding, proving product robust-
ness and are in line with regulators’ 
expectations that science and data be 
used for product and process decision 
making. The determination is based on 
data signals identified through assess-
ment of the historical data and the gen-
erated heightened results from Stage 3a 
monitoring batches. 

When adequate data are available, 
the signals seen (i.e., CQAs, key perfor-
mance parameters, and CPPs), can be 
categorized based on risk. All signals 
are not created equal, and different ac-
tion plans are required for the yellow 
flags. The assessment suggests actions 
based on practical relevance and the 
statistical strength of the signal (15). 
As a result, this review process enables 
organizations to make data-driven jus-
tification on the product sustainabil-
ity while implementing continuous 
improvement remediation for legacy 
drug products. 
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Table I. Example of pre- and post-rating. 

Initial attribute rating
Rating was determined follow decision tree (Figure 4)

Post-assessment attribute rating

API particle size API particle size

API particle size distribution (PSD) is critical to consistency achieve 
uniformity. API PSD specification has been determined and is part 
of routine testing. The factor is critical. It was evaluated as part of 
development and adequate control strategy (specification) has been 
established, therefore mitigated. Rating: 6

API PSD is critical to consistency achieve uniformity. API PSD 
specification has been determined and part of routine testing. 
The factor is critical. It was evaluated as part of development and 
adequate control strategy (specification) has been established, 
therefore mitigated.

API polymorphism API polymorphism

Drug substance polymorphic form is critical to drug product performance 
including uniformity. Polymorphic form is discussed/evaluated as 
adequately controlled in the development report. However additional 
supporting data may be required. Rating: 10

API characterization study was done as part of Stage 3a assessment. 
The X-ray diffraction (XRD) and differential scanning calorimetry (DSC) 
analysis indicate a stable form of API.

Formulation PSD Formulation PSD

A uniform blend is easily achieved if the mixing materials have minimal 
PSD difference. A wider particle size distribution was found between API 
and excipient. Rating: 10

The new manufacturing process improvements address the wider 
particle size distribution between API and excipient. Stage 1 activities 
has been successfully completed for implementing the change.

Diluent Diluent

Physicochemical properties of sucrose (major formulation component) 
may affect powder rheology. Determining the optimal ratio of milled and 
unmilled material may help in minimizing potential uniformity issues. 
Rating: 10

The new manufacturing process and bender design modification 
address the phenomenon of material sticking to the blender 
surface. Stage 1 studies to establish the optimal ratio has been 
successfully completed and ready for implementation.

Glidant Glidant

Hausner ratio for the powder blend does not indicate flow problems. Flow 
properties were studied at all lifecycle stages. Rating: 6

Hausner ratio for the powder blend does not indicate flow problems. 
Flow properties were studied at all lifecycle stages. 

Drying parameters Drying parameters

Water content can affect powder rheology. The control strategy that 
includes storage conditions, grade, and has specification limits displays 
adequate controls. The factor is critical, evaluated, and mitigated with 
drying step. Rating: 6

Water content can affect powder rheology. The control strategy 
that includes storage conditions, grade, and has specification limits 
displays adequate controls. The factor is critical, evaluated, and 
mitigated with drying step.

Milling parameters Milling parameters

Milling step was potentially introduced as a formulation strategy to 
enhance the cohesiveness with the application of API and excipient. 
However, milling studies to determine effectiveness of current milling 
process could not be found. Hence critical, not evaluated, and 
mitigated. Rating: 10

Thermal transition curves obtained as part of Stage 3a for the milled 
material versus unmilled mix supports the formulation strategy of 
enhancing the cohesiveness with the application of milling step.

Blending parameters Blending parameters

Blending process parameters were determined; however, not at the 
commercial scale. Therefore, the critical scale factor has not been 
evaluated and mitigated.  Rating: 10

Blender design change and Stage 1 development studies to establish 
process parameters at scale has been successfully completed for 
implementing the change.

Discharge parameters Discharge parameters

No controls were available on the discharge mechanism. Process 
performance qualification studies and hold-time studies determined 
uniformity results from containers (final blend). Rating: 10

The Stage 1 study to determine controls for the discharge 
mechanism, at commercial scale has been successfully completed 
and ready for implementation.

Filling parameters Filling parameters

To minimize potential uniformity problem, establishing additional 
controls on container to hopper discharge, adequate filler setup, 
representative sampling, etc., may be required. Rating: 10

Filler setup parameters applied in the three Stage 3a monitoring 
batches can be employed for commercial use. Stage 3a uniformity 
data collected supports adequacy of the filling run.

Blender design and qualification Blender design and qualification

Review of measurements from the qualification records identifies that 
the blender dimensional angle, baffle design, etc., are not studied in 
relation to the formulation. Rating: 10

Blender design change and Stage 1 development studies to 
establish process parameters at scale have been completed.

Filler design and qualification Filler design and qualification

Filler design was changed. However, Stage 1 comparative data is 
missing. Rating: 10

Stage 3a uniformity data collected supports adequacy of the
filler design.
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Conclusion
The protocol-driven legacy product 
assessment closely dissects the man-
ufacturing process to determine the 
current state of control, to comprehend 
and address Stage 3a gaps for complete-
ness of validation status. The exercise 
also determines the process robustness, 
allowing for business decision making. 
The review provides clear data-driven 
input for one of three actions:

• developing a Stage 3b monitoring 
program, in cases where product 
has been determined to be robust, 

• developing a Stage 1 continuous 
improvement plan, or 

• developing a Stage 1 remediation 
plan. 

The seven-step legacy product trans-
formation plan serves as the first con-
crete step in upgrading legacy drug 
products. The combination of the sub-
stantial lifecycle data and the newly 
generated Stage 3a data allows for 

multivariate analysis, and establishes a 
design space for the product. The trans-
formation plan substantially lowers the 
regulatory risks of legacy products and 
hence can be considered an exercise 
contributing towards business con-
tinuity and a source of great value for 
organizations. The QbD transforma-
tion plan is critical for legacy products 
for which there was no opportunity to 
apply ICH Q8 concepts.
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Table I. Example of pre- and post-rating (Continued).

Initial attribute rating
Rating was determined follow decision tree (Figure 4)

Post-assessment attribute rating

Solution stability Solution stability

Method validation indicates potential solution stability if left 
at room temperature. Controls can be enhanced to document 
adherence. Rating: 10

Controls was enhanced with revision of test method to indicate 
storage requirement.

Preparation Preparation

Potential result variability may occur as a result of analyst-dependent 
mixing, dilution, sonication time, etc. The impact of variability in prep 
method is not evaluated. Rating: 10

The impact of variability in test method was found acceptable 
during Stage 3a.

Instrument parameters Instrument parameters

The method specifies the use of specific validated instrument 
parameters. Column usage is tracked. Rating: 6

The method specifies the use of specific validated instrument 
parameters. Column usage is tracked.

Weighing Weighing

Weighing practice was observed and found acceptable. Weight print 
outputs are available for verification/traceability. Rating: 6

Weighing practice was observed and found acceptable. Weight 
print outputs are available for verification/traceability.

Reference standard Reference standard

A prequalified reference standard is used. A single reference standard vial 
is used for batch analysis. Adequate controls were observed. Rating: 6

A prequalified reference standard is used. A single reference standard 
vial is used for batch analysis. Adequate controls were observed.

Instructions Instructions

Batch records have limited instructions for co-sifting material, 
material loading, powder discharge, filler setup, etc., potentially 
contributing to variability. Rating: 10

Batch records were revised to include specific verified operator 
instructions for example: milling parameter, co-sifting, extra 
rotation for sampling, discharge parameters, loading, filler setup 
parameters, etc., to reduce operator-to-operator variability.

HVAC/Vacuum HVAC/Vacuum

Room HVAC and vacuum suction may contribute to loss of fines, which 
may include API. The controls are not evaluated and mitigated. Rating: 10

The API (fines) vacuum loss across Stage 3a batches were quantified 
and found acceptable.

Work in progress storage time Work in progress storage time

Hold time studies have been performed. Rating: 6 Hold time studies have been performed.
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become increasingly important, says 
Gene Nakagawa, EVP business de-
velopment at LGM Pharma. “In 2020, 
we saw an increasing focus on out-
sourcing of products directly related 
to COVID-19, such as Midazolam for 
intubation, antivirals, etc. Drug short-
age lists have also been growing, par-
tially due to demand but more often 
due to supply chain issues. In partic-
ular, starting materials for APIs have 
been hit with shortages,” Nakagawa 
says. “Supply chain has been difficult 
for many companies and continues 
to be. This has heightened the impor-
tance on safety stock and applies to 
both excipients and APIs.”

Joe Sinclair, vice president, cor-
porate strategy and business devel-
opment at Vibalogics, agrees the 
pandemic caused a global trade dis-
ruption, and supply chain manage-
ment is crucial. “For many, this has 
meant evaluating alternative sources 
of raw materials, consumables, and 
suppliers for contract manufacture 
and product quality control testing,” 
Sinclair says. “Companies are actively 
focusing on mitigating risks by evalu-
ating the expansion of their network 
of suppliers, and often onshoring 
activities or searching for domestic 
sources due to supply complexity, and 
the risks of being reliant on a single 
supplier, or a single region.” Vibalog-
ics has optimized the security of its 
own supply networks and expanded 
its operations in the United States and 
Europe to address supply chain con-
cerns, according to Sinclair.

The expectation of accelerated 
timelines also is a significant impact 
of the COVID-19 pandemic on the 
bio/pharmaceutical outsourcing in-
dustry, according to Mike Kleppinger, 
chief commercial officer at AMRI. 

“There has been a compression over 
the past 18 months that demon-
strates the ‘art-of-the-possible’ in a 
crisis. We didn’t have the luxury of 
months-long contractual obligation 
discussions. COVID brought about 
a common purpose that drove more 
efficient timelines and was very out-
comes-driven,” Kleppinger says. 

A  fter more than one year of rapid 
development and production of 
vaccines and therapies to ad-

dress the COVID-19 pandemic, the bio/
pharmaceutical industry is adjusting 
business practices and priorities as the 
next phase of response to this global 
emergency unfolds. Bio/pharmaceu-
tical contract manufacturing organi-
zations (CMOs) and contract devel-
opment manufacturing organizations 
(CDMOs) are adjusting to a variety of 
demands and challenges caused by the 
pandemic, including ensuring a robust 
and safe supply chain. 

When the pandemic initially began, 
many companies had to not only 
prepare for the inf lux of demand for 
COVID-19 treatments, but they also 
had to balance that demand with 
their existing workload. The CMO/

CDMO industry was operating on a 
reactionary basis during the begin-
ning of the pandemic, according to 
Tom Wilson, contract manufactur-
ing lead at Pfizer CentreOne. “As it 
became apparent that we would be in 
this state for the long-term, we had 
to change our business processes 
and develop best practices to en-
sure we could partner remotely,” he 
says. Collaboration increased across 
CDMOs, says Wilson, and require-
ments were prioritized to meet the 
needs of patients. 

Reevaluating the supply  
chain and timelines
The pandemic highlighted a variety of 
issues related to the biopharmaceuti-
cal supply chain, and supply chain risk 
mitigation, especially for APIs, has 

CMOs and CDMOs adjust business processes  
as demand for COVID-19 treatments and  
non-pandemic related therapies puts  
pressure on the bio/pharma industry.

Balancing Pressing 
Priorities
Susan Haigney
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“When it comes to clinical trials, 
market demand is high for products 
being manufactured by CDMOs. It’s 
a critical juncture where capacity is 
being challenged as trials that were 
delayed last year by COVID are now 
starting back up just as new trials 
are commencing with products that 
were in the preclinical phase a year 
or so ago. Those combined have ac-
celerated demand for product,” says 
Bill Vincent, chairman and CEO at 
Genezen. In addition, approval re-
quests for COVID-19 vaccines have 
increased the wait time for approvals 
for clinical trials for gene therapies, 
agrees Geraldine Guerin-Peyrou, di-
rector of Marketing and Communi-
cations at Polyplus. 

“Add to this the continued trend of 
new, and often well-funded, start-up 
companies entering the cell and gene 
therapy space and there are even more 
products vying for limited capacity in 
the CDMO industry,” Vincent says. In 
addition, he says, demand has been 
compounded by the limited supply of 
raw materials and disposables caused 
by the need to produce COVID-19 vac-
cines. “It is likely that manufacturing 
capacity and supply of raw materials 
will be constrained for at least another 
year, but CDMOs (including Genezen) 
are investing in new facilities to ad-
dress this,” Vincent says.

Changing demands  
for APIs
The surge in demand for specific APIs 
to treat COVID-19 patients, or in-
vestigate the use of existing drugs as 
treatments, in some cases impacted 
availability. 

Wavelength Pharma, an API cus-
tom developer and manufacturer, saw 
an incease in demand during the pan-
demic due to the need for drugs to treat 
respiratory conditions in patients on 
ventilators for lengthy periods. “This 
sudden requirement to significantly 
boost production has emphasized the 
importance of adaptability for API 
CMO/CDMOs to maintain an uninter-
rupted drug supply, with some organi-
zations proving better able than others 

to handle the pressures of rapid scale 
up to respond to the surging global 
demand,” says Ilan Avni, VP business 
development, marketing and IP, Wave-
length Pharma.

“When it comes to new develop-
ments, a few bio/pharma companies 
are developing, or repurposing, mole-
cules for COVID patients, and we are 
in discussions with a number of key 
players in the field. We have seen a 
number of innovators rejig their port-
folio—speeding up drugs with a focus 
on COVID-19 while slowing down 
some of the other developments. We 
have seen an increase in outsourcing 
and have benefitted from the trend 
even as we continue to invest in ca-
pacity to meet customer needs,” says 
Saharsh Davuluri, vice chairman and 
managing director at Neuland Labs.

Going virtual
The pandemic also impacted the way the 
industry conducts business, says Britton 
Jimenez, vice president, business develop-
ment at Metrics Contract Services. Vir-
tual audits and site tours are now more 
common, as well as virtual internal and 
external meetings. “Many of these new 
practices that have been implemented 
will remain, but I do see the face-to-face 
engagement returning back to pre-pan-
demic state,” Jimenez believes.

“Video conferencing and remote 
communications dominate the way 
we perform internal and external com-
munications. Since there is no way to 
visit facilities for an audit, at least in 
India for the time being, CMOs who 
have good track record will continue 
to get recommendations from fellow 
clients,” says Davuluri. Utilizing vir-
tual technology has alleviated disrup-
tion and created more time for import-
ant tasks, according to Davuluri, but 
it also highlighted the importance of 
face-to-face interaction. 

The industry as a whole has also 
continued to learn and connect vir-
tually. “The virtual international 
conferences have also allowed for 
scientists that usually don’t travel 
to participate and to hear about the 
latest innovations, hence we may see 
a rush of scientific outbreak in the 
next few months due to this,” states 
Guerin-Peyrou.

New parameters created by the pan-
demic caused business challenges for 
some companies, and attracting new 
clients became difficult. “Without 
the traditional methods of in-person 
meetings and audits, sponsors have 
adopted and accepted the need to use 
virtual methods of communication 
and remote technologies to access 
and assess potential partners,” says 
Andrew Henderson, chief commercial 
officer at Sterling Pharma Solutions. 

Adapting and adopting  
new practices
To adjust to these challenges, compa-
nies have taken stock of their processes 
and strategies. “COVID-19 has made 
everyone in the industry revisit their 
sourcing strategies and risk manage-
ment; even companies with stable in-
house facilities have reassessed their 
risk profiles and vulnerabilities in 
supply chain, and sought after CDMO 
partnerships,” says James Choi, chief 
information and marketing officer at 
Samsung Biologics. 

Choi sees the company’s investments 
as important to enduring the trials of the 
pandemic. “For example, our investment 
into Plant 4 expansion, the opening of 

Outsourcing

The bio/
pharmaceutical 
industry is 
adjusting 
business practices 
and priorities as 
the next phase of 
response to this 
global emergency 
unfolds. 
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our San Francisco R&D Center, and 
providing mRNA vaccine fill and finish, 
are few of our preemptive approaches 
in response to the shifting industry,” 
he states. “Our sustainable and robust 
business management systems, in which 
we have invested proactively to be ISO 
22301-certified across all of our business 
areas, have been central to withstand-
ing market disruptions over the last 18 
months amid the COVID-19 pandemic.”

“For Vectura, there have been two 
areas of focus: keeping our people safe, 
and minimizing disruption to the sup-
ply of medicines and to our customers,” 
says Matthew Barker, director, Corpo-
rate Strategy at Vectura. “Our team has 
embraced new ways of working, which 
include adhering to new health and 
safety protocols across sites; showcas-
ing our inhalation expertise virtually 
at conferences; and navigating the sales 
and supplier audit processes remotely.”  

Adapting became key to meeting 
demand. “We embraced technology, 
looking for new ways we could com-
municate effectively and developed in-
novative audit processes which enabled 
us to meet obligations,” says Wilson.

Balancing demands
In 2020 and 2021, CMOs and CDMOs 
found themselves needing to balance 
the demand of the development and 
manufacture of treatments of COVID-
19 with the projects in the pipeline and 
new non-COVID-related products. 
Some companies expanded capacity 
and resources to meet these priorities. 

While noncritical therapies were 
de-emphasized for a few months be-
cause of COVID-19, according to 
Kleppinger, manufacturing these 
products was still necessary during 
the pandemic. “We didn’t experience 
a disruption in our traditional business 
demand because of COVID; what we 
found was COVID was additive to our 
workload,” he says.

“CDMOs, such as Vibalogics, have 
taken steps to expand their capacity, 
and to use their existing resources to 
adapt their business to not only the 
vaccine service market, but also to 
build strength in capability for the 

classes of next-generation modalities,” 
says Sinclair. 

“CDMOs are waiting for consensus 
on vaccination guidelines, especially 
multi-year demand for COVID-19 
vaccination, to address lingering sup-
ply challenges for first-round vaccina-
tions, while building further strength 
into ongoing supply demands. There 
are still many companies optimizing 
their approach, initiating Phase I clin-
ical trials, and looking to bring further 
benefit to market by building supply 
security with additional approved and 
technologically advanced modalities,” 
says Sinclair. 

“Away from the now-established 
supply chain of COVID products, 
there remains the need to support 
innovation and research in the exist-
ing development pipelines as pharma 
companies concentrate on their core 
indications,” says Henderson. “This 
remains as strong as ever, so the need 
for CDMOs to be f lexible and to be 
able to support these is crucial. This 
does not mean that there is a shift in 
focus, but companies need to have the 
capabilities to support the evolving 
needs of innovators.”

Oncology’s place at the top of the 
contract manufacturing industry’s 
focus was shifted to treatments for 
infectious diseases,  says Vincent, cit-
ing market research data (1). Because 
COVID-19 vaccines are now get-
ting approved, the shift in focus has 
turned back to non-COVID products. 

“The immuno-oncology market par-
ticularly is expected to continue grow-
ing and witness minimal impact from 
the COVID-19 pandemic, with 2020 
accounting for a momentary decline 
(2). Given the complexity of products 
and the prevalence of small biotechs 
involved in the market without the 
necessary infrastructure to scale 
and manufacture products, reliance 

on CDMO partners will be a key re-
quirement for the foreseeable future,” 
Vincent says. 

“A lot of potential opportunities for 
CDMO services are focused on ANDA/
OTC [abbreviated new drug applica-
tion/over-the-counter] products not 
related to COVID-19. There is also an 
anticipation that cough/cold will come 
back as the economy starts to open up 
and kids are back in school,” says LGM 
Pharma’s Nakagawa. 

“Non-COVID products are back in 
demand, but timelines have shifted,” 
says Guerin-Peyrou. “For gene ther-
apy, delays to get GMP AAV manu-
facturing slot can be from 12 to 18 
months today.” 

While the demand for COVID-19 
treatments will continue for a while, ac-
cording to Wilson, most CMOs/CDMOs 

“are now re-establishing their operating 
levels and delivering on all obligations.” 

Trends in the industry
COVID-19 hasn’t been the only thing to 
change and shape the bio/pharma out-
sourcing industry in recent years. Phil 
Vanek, CTO at Gamma Biosciences has 
seen some interesting developments in 
the cell and gene therapy field. “We’ve 
seen a number of trends that are very 
interesting in particular within the cell 
and gene therapy space. The first is the 
continuing consolidation of a number 
of the CDMOs that is reshaping the 
manufacturing landscape—MaSTher-
Cell and Paragon acquired by Catal-
ent, Brammer Bio being acquired by 
Thermo Fisher Scientific, and the inter-
esting move of Charles River Laborato-
ries acquiring Cognate (which in turn 
had recently acquired Cobra) thereby 
doubling down on their cell banking 
and supply services,” says Vanek.
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Airborne Particle Counter
The Lasair Pro Airborne Particle 
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The instrument is designed to 
meet increasing data Integrity and 
regulatory requirements, featuring 
integrated audit trail capabilities.

Sampling activities can be programmed and managed 
locally or remotely. Collected data are securely saved 
and transferred to meeting data integrity-related stand-
ards such as 21 Code of Federal Regulations Part 11.

The instrument can store up to 10,000 data sam-
ples and can be configured for up to 100 users. An 
NFC card can be used for unlimited users.

Particle Measuring Systems 
www.pmeasuring.com

Die Table Segment  
Cleaning Equipment
Die table segment cleaning 
equipment from I Holland is 
designed to clean die table 
segments using a repeatable 
process. The ultrasonic cleaner 
features a fixture that holds the 
segment within the tank and 
leaves the bores unobstructed 
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ROSS’ Sanitary Ribbon Blenders 
with ergonomic material handling 
accessories feature a new design 
that allows operators to safely 
empty bags of powder through 
a bar grating while a contiguous 
vibrating tray assembly catches 
debris and off-spec ingredients. 
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Q.We are a US-based start-up company, and 

we are about to put our quality management 

system in place. One of our consultants advised 

us to review Form 483 and warning letters issued by FDA. We 

looked at some of them but are unsure what we are expected 

to find or what to do with the information in these documents. 

Do you have any advice?

A.At the end of an FDA inspection, the inspectors will 

document observations of deviations from the codified 

regulations on Form FDA 483 (1). This document contains only 

the inspector’s most significant observations. Other observa-

tions may be communicated to the company verbally during 

the inspection. Importantly, FDA does not classify its inspec-

tion findings (e.g., as critical, major, or minor).

The inspector(s) submits his or her report to a district 

office. The district office classifies an inspection in one of 

three ways:

• Official action indicated (OAI), which means that the 

inspection was unsatisfactory, and the district advises 

enforcement actions.

• Voluntary action indicated (VAI), which means that 

deficiencies were identified, but these can be resolved by 

the company without the need for enforcement action.

• No act ion indicated (NAI), which means that no 

problems (or only very minor ones) were identified.

The district office will either issue an establishment inspection 

report (EIR) or, if advised, will take further action, such as issuing 

a warning letter. Warning letters are just one tool at FDA’s 

disposal to alert a firm to the fact its products are considered 

a risk to human health; therefore, authorities may take drastic 

action to safeguard patients (2). All warning letters are posted on 

FDA’s website and are visible to anyone interested, particularly 

the competition and customers. Making inspection reports easily 

accessible to the public is a peculiarity of FDA.

Redacted Form FDA 483s are available from FDA under 

Freedom of Information Act (FOIA) requests. Some commercial 

providers specialize in providing these at a fee.

What is the benefit of reviewing these documents, and 

what can you do with the information found? The rules 

and regulations (e.g., 21 Code of Federal Regulations Parts 

210 and 211) describe the requirements a company must 

comply with. There are, however, many aspects that are not 

described in much detail, such as how to perform complaints 

investigations, how to respond to inspection observations 

in an acceptable manner, and much more. What you can 

glean from Form 483s and warning letters is basically an 

interpretation of the regulations (i.e., the agency’s thinking 

and expectations). 

Of course, you need to filter the information and only review 

what may be relevant to your line of business. Still, there will 

be plenty of information that can help you avoid making costly 

mistakes. Bear in mind that the reported observation only tells 

part of the whole story, and there is much information, such as 

the actual product involved, that is confidential and thus not 

reported (i.e., redacted). As the observations on Form 483 are not 

classified, companies should take them all seriously. Not doing so 

could result in a warning letter, and that definitely would mean 

that the company is in trouble. 

Making mistakes is human, repeating mistakes others made, 

and which have been reported in 483s or warning letters, is just 

plain careless and bad management. Unlike other regulatory 

agencies, FDA provides these valuable resources to anyone who 

cares to read them. It is a great opportunity for you to make 

good use of them.
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supplying clinical trials of the future.
ready today, innovating for tomorrow. 

We have the passion to reliably supply comprehensive clinical 
trial solutions with flexibility & speed around the world. 
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