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APIs

T he drug development process is complex and time-con-
suming, with key steps including drug synthesis, solid 
form selection and development, as well as drug product 
selection and development. How the solid form and drug 

product interact is often a crucial part of the equation and may add 
to the complexity. This is also true for bioavailability-challenged 
molecules, which comprise a predominant component of the drug 
development pipeline.

Rather than basing formulation decisions on which technolo-
gies are available, drug developers advancing complex molecules 
will benefit from starting with an in-depth understanding of the 
API and formulation parameters impacting the target profiles of 
the drug product, and using that knowledge to make decisions 
that lead to optimized solutions for the medicine in production.

Development timelines are shortening
The development of new drug products, whether for new chem-
ical entities (NCEs) or product enhancement, is a complicated, 
multi-disciplinary undertaking. Development activities may begin 
as early as the late stages of drug discovery and continue through 
post-market approval and lifecycle management. For NCEs, the 
bulk of the formulation work starts about one year prior to the 
investigational new drug (IND) application and continues through 
preparation of the new drug application (NDA), approximately 
3–10 years (1).

The time from IND approval to NDA approval has remained 
constant at about eight years during the past four decades (1). 
However, more drugs are receiving accelerated status, which for 
certain classifications dramatically decreases the overall timeline. 
While the median time from IND application to FDA approval 
from 2012–2016 was eight years, that time was reduced to almost 
five years for breakthrough drugs and seven years for fast-track 
drugs not receiving breakthrough status (2). This adds additional 
pressure to development teams, especially for programs requiring 
complex drug substance and/or drug product manufacturing.

Adding to the complexity in drug development, and the increas-
ing need for speed, are two additional trends in the pharmaceutical 
industry: molecules with drug delivery challenges and the type of 
companies who own the early-stage drug pipeline. 

Michael Grass, PhD is head of Solid Form Services at 
Lonza Pharma & Biotech.
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Evaluating Drug Substance–
Drug Product Interplay 
Accelerates Development
Michael Grass

A majority of molecules in the small-molecule 
development pipeline exhibit low solubility 
and/or low oral bioavailability of the crystalline 
drug, and drug development must often keep 
up with accelerated timelines due to specialty 
medicine or orphan drug designation. Innovative 
approaches to drug screening—such as 
evaluation to identify the optimal solid state 
of a molecule and in-vitro characterization to 
establish the optimal solid state of a molecule and 
the ideal bioavailability-enhancing technology—
can help drug developers meet accelerated 
development timelines while managing risk.
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The rise of challenging molecules
The major challenge faced by the pharmaceutical industry, cur-
rently, is poor solubility, hence the low bioavailability of most new 
drugs being developed. More than 80% of drug candidates in the 
R&D pipeline are reported to be poorly soluble in water (3) with 
a notable influx of a large number of biologics. It is common for 
these low solubility drugs to be also extensively metabolized, which 
further reduces bioavailability (4). These drugs often require devel-
opment of enabling drug product formulations, development of an 
alternative drug substance such as a salt or a cocrystal, and/or an 
alternative route of administration (e.g., inhalation or parenteral 
delivery to bypass first pass metabolism).

In 2018, only 19% of NMEs originated at larger pharma com-
panies, down from 52% in 2011. The fraction of drugs owned by 
large pharma at filing was 32% in 2018, down from 62% in 2011 (2). 
More than 80% of the current drug pipeline is owned by small and 
emerging companies. These companies, often backed by venture 
capital, have fewer resources than large pharmaceutical firms and 
extensively use development and manufacturing partners within 
their business models. It has been estimated that more than 70% 
of these companies outsource at least some of their development 
work. Small biopharma companies are increasingly focused on 
specialty drugs not requiring extensive sales channels and, as such, 
are more likely to commercialize their molecules as opposed to 
mid- to late-stage divestiture to larger biopharma companies (2).

Taken together, this means that many biopharma companies 
are facing increased complexity and risk—developing more com-
plex drugs with more distributed development and clinical teams, 
often under compressed timelines and funding. These companies 
can often benefit from using an integrated development and man-
ufacturing partner to minimize the timelines, complexity, and risk 
associated with managing multiple partners and technology/pro-
cess transfers. Integration includes phase-appropriate processing 
capability to take a molecule from non-GMP (good manufac-

turing practice) feasibility studies through clinical trials and to 
commercialization, as well as integrated capabilities encompassing 
drug substance and drug product, which can be especially critical 
for complex molecules and specialized target product profiles (5).

Drug substance–drug product interplay
The complex landscape of drug development includes drug 
synthesis, solid-form selection and development, as well as 
drug-product selection and development. The interplay between 
solid form and drug product is often crucial, and phase-appro-
priate solutions may be important to efficiently usher a drug 
through all development stages. 

A commonly cited example involving the interplay of solid 
form and drug product is the case of ritonavir (Norvir) (6). Ri-
tonavir reached the market in 1996 for treatment of human 
immunodeficiency virus as Norvir oral liquid and semi-solid 
capsules. The drug substance was an anhydrous crystal known 
as Form I. In 1998, however, many lots of the semi-solid capsules 
failed dissolution testing. Further analysis revealed the presence 
of a yet-undiscovered conformational polymorph, Form II, with 
much lower solubility. The capsule formulation was no longer 
viable. Abbott Laboratories had to pull the capsule product off 
the shelves and develop a new formulation. They released a low-
er-loading softgel capsule in 1999 and later developed Kaletra 
(ritonavir/lopinavir) tablets using an amorphous solid disper-
sion (ASD). The ideal drug product formulation for ritonavir 
changed in light of the discovery of a new polymorph.

Another case of where solid form and drug product in-
teract is that of Olanzapine. Olanzapine is a Biopharmaceu-
tics Classification System (BCS) II drug for the treatment of 
schizophrenia. Olanzapine free base can be crystallized in 
more than 25 crystal forms, including anhydrates, solvates, 
and hydrates (7). The Form I anhydrate is the most stable 
anhydrate known and was used in several immediate-re-

Table I. Physiochemical properties of abiraterone acetate. BCS is Biopharmaceutics Classification System.

Compound property Value

Log P 5.12

Aqueous solubility 1 µg/mL 

Tm 147–148 °C

pKa 5.2 (base)

Permeability Low, non P-gp substrate

BCS Class Class IV at current dose

Product feature Zytiga (Janssen) Yonsa (Churchill)

Use Metastatic castration-resistant prostate cancer

Dose 1000 mg (4 x 250 mg tablets) 500 mg (4 x 125 mg tablets)

Enabling technology None SoluMatrix

Fasted bioavailability < 10% < 25%

Food-label Yes No

Effect of food on absorption 10-fold ↑ in AUC, 17-fold ↑ in Cmax 4.4-fold ↑ in AUC, 6.5-fold ↑ in Cmax
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lease (IR) formulations, including tablets, orally disintegrat-
ing tablets, and intra-muscular injections. Researchers at 
Eli Lilly also discovered and patented several olanzapine 
pamoate hydrates and solvates (8) with much lower solu-
bility and dissolution rate. This allowed the development 
of a long-acting injectable (LAI), which contained micron-
ized crystals of olanzapine pamoate monohydrate. The LAI 
enabled improved patient compliance and added a year of 
exclusivity. The LAI drug product would not have been pos-
sible without developing a lower-solubility drug substance.

In programs where drug substance, drug product, sol-
id-form screening, and clinical strategy are each the respon-
sibility of a different company, identifying such issues and 
efficiently developing innovative solutions to solve them 
becomes even more challenging.

Developing a drug product strategy
A drug product strategy may itself be quite complicated. 
There are many formulation options available, and the for-
mulation that works for preclinical toxicology may not be 
appropriate for clinical dosing. Additionally, a new indica-
tion may demand a different target product profile (TPP). 
The examples above included drug product changes as 
demanded by the physical form or the TPP. This section 
provides a small set of examples that the author has encoun-
tered in development work, illustrating the dynamic and 
complex nature of drug product selection:

• An oral solution was used for preliminary animal pharma-
cokinetic (PK) and initial toxicology studies, before it was 
found that exposure was not high enough during dose es-
calation, presumably due to crystallization in vivo. A spray-
dried dispersion (SDD) formulation led to higher exposure 
at elevated doses and was carried into clinical studies as a 
tablet. For Phase I, the drug loading in the SDD was kept 
low to limit crystallization risk but pushed higher during 
Phase II development to decrease pill burden.

• An SDD was used in early PK and toxicology studies to 
reach the desired exposure, but was deemed unnecessary 
at the clinical dose and a crystalline form was carried for-
ward into the clinic. This is one example where bioavail-
ability enhancement formulation is required at high dose, 
but a simpler formulation is adequate for clinical dosing. It 
is important for a chemistry, manufacturing, and controls 
(CMC) lead to keep this in mind as animal studies de-
signed to reach a particular concentration at the site of ac-
tion may result in very different drug concentration pro-
files in the GI tract. In other words, the allometric scaling 
principles for efficacy and safety may be different than 
those for absorption (9).

• An aqueous nanoparticle formulation was developed else-
where during preclinical studies and carried through into 
Phase II clinical studies. For a new indication, a solid dos-
age form was more desirable. Spray-dried nanocrystals and 
a soft-gel compatible lipid nanosuspension gave similar PK 
to the liquid nanosuspension, while an SDD led to > 3x 

area under the curve (AUC), which measures the drug 
concentration over time, in an animal model. For Phase I 
clinical trials, a hot melt extrudate is being prepared be-
cause of advantageous throughput and dosing options rela-
tive to the SDD. Phase II studies will include a modified-re-
lease formulation of an amorphous dispersion.

Each drug and indication may require a different ap-
proach and one size does not fit all. The earlier that an 
experienced formulation team is involved in the decision 
making process, the better the overall results will be from 
early PK testing to commercialization.

Holistic approach to enhance bioavailability
When developing a formulation for bioavailability enhance-
ment, it is important to identify what limits bioavailability 
and to determine the TPP and development strategy to the 
greatest extent possible with the entire team. As demon-
strated previously, there are many considerations that require 
integration (or at least communication) between many teams 
in order to efficiently develop an appropriate drug product 
at each phase. 

The technical challenge to be addressed is crucial to un-
derstand and may include low aqueous solubility, low per-
meability, slow dissolution rate, metabolism, efflux, and/or 
site-specific release in the GI tract. Additionally, the dose 
requirements for both preclinical and clinical dosing along 
with the TPP must be discussed, even if they are not fully un-
derstood early in the program. This information, along with 
extensive institutional knowledge of molecules with similar 
properties and TPPs, can be used to develop a formulation 
strategy, define the advantages and risks of each formula-
tion, and understand when a new formulation and/or drug 
substance will be required for a second indication or route of 
administration.

In the following case study, the development of a suitable 
immediate-release dosage form for the BCS II/IV weak base, 
abiraterone acetate, is described. This drug was initially de-
veloped as a tablet of a crystalline API with moderately high 
bioavailability in the fed state, but with a large positive food 
effect. The fasted-state bioavailability is approximately 10 
times lower than in the fed state. Key properties of abiraterone 
acetate and the reference listed drug (RLD) are shown in Table 
I. These properties suggested that either an amorphous dis-
persion or a lipid formulation could likely meet the require-
ments for increasing bioavailability without changing the 
drug substance form, which was desirable for this program.

Both amorphous dispersions and lipid formulations were 
considered during preformulation with reasonable promise. 
A simple calculation of the maximum absorbable dose (MAD) 
suggested that either approach could eliminate the food effect 
by increasing fasted-state absorption. 

The amorphous dispersion was developed first because 
of the ability to deliver the required dose in a single tab-
let. Preliminary in-vitro dissolution of an SDD (Figure 1, 
left panel) was promising, but the SDD only provided a 

APIs
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Figure 1. In-vitro dissolution of spray-dried dispersion (SDD) formulations measured initially (left) and with a modified 
dissolution setup (right).
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two-fold enhancement of AUC in a rodent model. Further 
analysis of in-vitro precipitation using fiber optic probes 
indicated that crystallization is very sensitive to the par-
ticulars of the dissolution test. The modified dissolution 
test was much more predictive of in-vivo performance, and 
SDD development was placed on hold due to the inability 
to increase fasted-state bioavailability sufficiently to elim-
inate the food effect.

Although a lipid-based formulation (LBF) could not meet 
the TPP of a single unit dose, the authors determined that it 
would be better to eliminate the food effect while keeping 
the number of units the same as the RLD than to reduce the 
number of units without eliminating the food effect. Several 
lipid formulations were developed with excellent sustain-
ment of superstation in an in-vitro dissolution-digestion test. 
The developed LBF required four times as many units as the 
SDD to deliver the same dose, but increased bioavailability 
enough to eliminate the food effect in canines (Figure 2).

Conclusion
Drug development is a multi-faceted endeavor that requires 
collaboration between several groups to efficiently advance 
a molecule and deliver a drug product with the targeted 
therapeutic effect. The challenges inherent to drug develop-

ment are exacerbated by the complexity of today’s molecules 
and target product profiles, as well as accelerated timeline 
requirements becoming the norm. Innovative and proactive 
approaches to drug screening and evaluation can help over-
come these challenges for drug developers. Additionally, it 
is important that the collective product development team 
is well versed with all options for drug product and drug 
substance from the very early stages of development to en-
sure that decisions lead to optimized solutions, rather than 
simply geared to what is available.
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APIs

I ncreasingly, regulators and consumers are pushing for 
improved information on how drugs are made and 
distributed, particularly as recent challenges, such as 
nitrosamines impurities and the vulnerabilities brought 

to light during the COVID-19 pandemic, have raised the 
profile of the pharmaceutical supply chain within global 
media. Therefore, full traceability of pharmaceutical ingre-
dients, from the beginning to the end of the supply chain, 
is a progressively high priority for companies in the bio/
pharma industry. 

To find out more about the complex pharmaceutical in-
gredients supply chains, specifically that of animal-derived 
APIs, Pharmaceutical Technology spoke with Jaume Reguant, 
healthcare director, Bioiberica—a global life-science com-
pany, focused on the identification, extraction, and devel-
opment of animal-derived biomolecules.

Importance of traceability
PharmTech: Could you highlight the importance of  
traceability in ensuring the security of pharma API and 
ingredients?

Reguant (Bioiberica): There are various reasons for in-
creased supply chain traceability. For the manufacture of 
pharmaceutical APIs, traceability is absolutely essential as 
it ensures safety and quality. By implementing a robust set 
of processes and centralized way of working, manufacturers 
can ensure visibility from start to finish. This means, in 
the event of a problem, it’s possible to quickly identify the 
source—at any stage of production—preventing inadequate 
or unsafe products reaching patients. 

These considerations are perhaps even more important 
when working with animal by-products. In fact, the quality 
assurance required for animal-derived APIs is particularly 
complex and goes beyond the pharmaceutical industry to 
the food industry—to the abattoirs supplying the large 
amounts of animal by-products needed to extract the APIs. 
This means that robust quality systems must be in place 
to verify the traceability is maintained through the supply 
chain. It’s for this reason that Bioiberica works with a verti-
cally integrated supply chain model, allowing comprehen-
sive control—from the collection of the animal tissues to 
the final API. This approach drastically reduces the risk of 
cross-contamination and transmission of animal-derived 
adventitious agents, while also making quality checks 
much quicker.
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Tracing the Supply Chain
Felicity Thomas

Supply chain traceability is essential in the 
manufacture of APIs to assure safety and quality.
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Regulatory approach
PharmTech: Have global regulatory bodies changed the way 
they approach APIs and other ingredients over the years?

Reguant (Bioiberica): The regulation of animal-derived APIs 
has dramatically changed over the last 10 years. Perhaps 
one of the most prominent changes was the response to the 
adulteration of heparin API in 2008 (1). Used for decades 
without significant safety events, US patients began suffer-
ing negative effects, which ultimately revealed weaknesses in 
the production of animal-derived APIs in certain countries 
where there were typically low standards in traceability and 
quality systems. Before then, regulatory oversight had been 
focused on the final API. The heparin crisis caused the re-
vision of worldwide pharmacopeial monographs and led to 
the introduction of state-of-the-art analytical tests. 

But the regulatory change that has had a key impact on 
the production of all animal-derived APIs, particularly 
in Europe, is the definition of pooled animal tissue as the 
starting material in the manufacturing process (2). This 
means that the complete supply chain, starting from the 
collection of the animal material, must fall under the good 
manufacturing practice (GMP) quality system. In addition, 

not so long ago, the application of good distribution prac-
tices for APIs became mandatory (3). The handling of APIs 
is, therefore, not only regulated under GMP scope at the 
manufacturing site, but also their distribution outside the 
site. Because of these changes, the whole supply chain is 
subject to strict controls, highlighting the importance of 
total supply chain traceability.

Stricter controls on the horizon
PharmTech: Do you foresee stricter regulations for traceability 
and quality of pharmaceutical ingredients coming into force 
in the future?

Reguant (Bioiberica): The regulatory landscape is always 
changing, and it’s possible that stricter controls are on the 
horizon, especially as developments in technology and 
processes are made. Over recent years, there has been an 
increase in regulatory requirements in several areas: how ad-
ventitious agents of concern (zoonotic diseases, cross-con-
tamination with other animal materials, etc.) are monitored; 
how risk management principles are implemented in pro-
cesses; and how the control and verification of GMP com-
pliance throughout the supply chain is ensured. As the regu-

APIs

AI-powered continuous manufacturing of APIs
Quartic.ai and Bright Path Laboratories have formed an agreement, 
according to a May 6, 2020 press release (1), for the development of 
an artificial intelligence (AI)-powered continuous manufacturing plat-
form for APIs and other small-molecule drugs.

Using Quartic.ai’s smart manufacturing technology along with Bright 
Path Labs’ continuous bioreactor, the companies anticipate that the 
resultant platform will enable API manufacturing in the United States 
to be competitive with imported APIs.

“We believe in technologies like AI as key enablers for manufacturing 
excellence. We are excited about the collaboration with Quartic.ai to 
demonstrate that digitally enabled smart manufacturing of APIs will 
be more competitive than offshore imports,” said Tony Quinones, CEO 
of Bright Path Labs, in the press release (1).

Expanded production of APIs
API supplier, Wavelength Pharmaceuticals, has expanded its produc-
tion of APIs for certain pharmaceutical products  and has launched API 
contract development and manufacturing (CDMO) services.

According to an April 20, 2020 press release (2), the company has 
expanded its production services for APIs that are necessary for the 
management of respiratory care patients. Demand for APIs, such as 
midazolam, cisatracurium, and rocuronium, have been increased during 
the COVID-19 pandemic, and as a result there have been shortages.

“Our robust supply chain and impeccable regulatory track record 
are enabling us to quickly respond to the urgent need for life-saving 
care for critically ill COVID-19 patients. We are proud of our highly 
experienced team, who is working tirelessly to treble and quadruple 

our production and supply of these essential APIs for patients in the US 
and Europe,” said Iftach Seri, CEO of Wavelength Pharmaceuticals, in 
the press release (2).

Increasing EU supply security for drug products
To increase European Union supply security for drug products, contract 
manufacturing organization, Evonik, began capacity expansion of APIs 
and intermediates at its German sites.

The company explained, in a May 5, 2020 press release (3), that the 
first stage of its expansion plans for its Dossenheim and Hanau facilities 
in Germany was underway. The capacity expansion is expected to 
support the growing demand for European contract manufacturing of 
APIs and advanced intermediates.

“ The COVID-19 pandemic has amplif ied the focus of many 
pharmaceutical companies to have European-based manufacturing 
sites that can support the production of their life-saving drug products 
for reliable supply to regional healthcare markets,” said Thomas 
Riermeier, senior vice-president of Evonik’s Health Care business line, 
in the press release (3). 
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latory landscape continues to evolve, having total control of 
the supply chain, from the collection of the starting material 
to the final API, allows manufacturers of animal-derived 
APIs to be prepared to respond to stricter regulations.

A further consideration is that pharmaceutical companies 
are subject to stricter controls by regulatory authorities on 
how they address possible shortages of starting materials 
to ensure the availability of medicines. This results in addi-
tional challenges for the production of animal-derived APIs 
because their supply chain is dependent on herd size in dif-
ferent regions around the world and potential outbreaks of 
animal diseases that may lead to supply shortages.

Specific challenges for animal-derived APIs
PharmTech: Could you elaborate of some of the specific reg-
ulatory challenges facing manufacturers and suppliers of 
animal-derived (versus plant or synthetic) ingredients for 
use in pharmaceutical products?

Reguant (Bioiberica): Animal-derived APIs have a very spe-
cific set of regulatory challenges. They are a heterogeneous 
group of ingredients with variant regulatory frameworks 
depending on different health authorities. For example, 
heparin is considered a drug by the FDA, but a biological 
in Europe, which can present challenges. Regulations for 
chemical substances, however, are more globally harmo-
nized. Unlike chemical substances, which have a consistent, 
characterizable chemical structure, regardless of how they 
are manufactured, animal-derived APIs have an intrin-
sic variability due to their biological origin. As such, this 
requires a control strategy across all stages of the supply 
chain—from the collection of the animal material to the 
final purification of the API. Otherwise, APIs with different 
safety and pharmacological properties could be produced. 

What’s more, the optimization of manufacturing pro-
cesses and introduction of new sources of the same starting 
material involve a significantly higher regulatory burden for 
animal-derived APIs. Comprehensive comparability exer-
cises must be undertaken to demonstrate that the products 
have similar qualities and structural attributes before and 
after manufacturing changes have taken place, and that 
there will be no adverse impact on the safety or efficacy 
of the drug product. Several variations considered minor 
for a chemical substance are instead regarded as major for 
animal-derived APIs. For a multi-supplier, multi-customer 
system, post-approval changes can be a significant challenge 
and makes continuous process and supply chain improve-
ment particularly difficult.

Guidelines specifically developed for biotechnological 
products are sometimes applied to animal-derived APIs. 
These have to be established in proportion to the risk and 
adapted to the particularities of each product, especially if 
the product of concern is not the same product for which the 
guideline has been developed. This message can be difficult 
to communicate to certain regulatory authorities.

Vertical integration
PharmTech: What is the significance of a vertically inte-
grated supply chain model and how can it benefit pharma 
companies in terms of supply chain security of ingredients?

Reguant (Bioiberica): A vertically integrated supply chain 
model offers significant advantages to pharmaceutical com-
panies. Using Bioiberica as an example, which is part of the 
SARIA group, the way vertical integration works is that all 
source animal materials are collected from authorized and 
audited slaughterhouses, from animals that are deemed fit 
for human consumption. The animal collection, handling, 
and transport is carried out under rigorous hygienic con-
ditions to prevent cross-contamination and adulteration. 
The APIs are manufactured under strict GMP conditions at 
state-of-the-art facilities. Each step of this process combined, 
under Bioiberica’s quality management system, results in 
high-quality final APIs and ingredients.

In addition to ensuring safety and quality, a vertically 
integrated company also helps to ensure supply chain se-
curity and cost-efficiency. Reduction in animal herd sizes 
due to diseases outbreaks may lead to animal by-prod-
ucts shortages. This issue results in competition to collect 
the animal starting materials, usually at very high prices, 
which generally increases the manufacturing costs of the 
API. Controlling the API supply chain from the collection 
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Development

R epurposing and repositioning has become a com-
mon way for drug companies to market new drug 
treatments. While in some instances the strategy 
is used to manage the lifecycle of a drug, in many 

cases, an old drug can have a new use for an otherwise 
poorly served disease. These tactics are common for rare 
diseases where the potential patient population is small, as 
well as for neglected diseases where there are few commer-
cial drivers for de novo research. 

Not all repurposing projects involve taking a drug orig-
inally designed for one disease and finding another where 
it has efficacy. There can be benefits for patients in creating 
novel formulations that allow for a different route of ad-
ministration; this can improve delivery or compliance and 
may also permit the treatment of further conditions. Alter-
nately, the new formulation may be administered via the 
same route with changes to or improvements in the product 
profile that enable extended release delivery and a reduced 
dosage burden on a patient. Even if lifecycle management 
is not the key driver, intellectual property (IP) coverage is 
likely to be extended through these means. 

Both repurposing and repositioning projects offer the 
prospect of a faster route to market than a discovery project 
for a new molecule; and, if the drug is already on the market, 
most of the necessary safety trials will have been completed. 
For programs that were never marketed for commercial 
reasons—or withdrawn and halted for a lack of efficacy in 
late-stage clinical trials—some or all of this work may well 
have been done, again reducing the potential time to bring 
a resurrected project to market. 

Preclinical safety testing for a repurposed or repositioned 
drug will, therefore, be limited to any that are specific to a 
new mode of delivery and dosage level. Whereas a novel API 
or biologic typically takes 10–15 years to go from initial idea 
to marketing approval, the repurposing or repositioning 
program can commonly be completed in less than 10 years 
or faster. The reduction in time required brings cost savings. 

Advantages of inhaled drugs
Inhalation as a route for administration is familiar for dis-
eases and conditions that directly affect the lungs. For example, 

Geraldine Venthoye is the executive vice president of 
product development at Vectura.
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Key Considerations When 
Repositioning a Known Drug 
for Inhalation Therapy
Geraldine Venthoye

Creating an inhaled formulation is one 
way in which improved efficacy or added 
value can be achieved in projects to 
repurpose or reposition existing drugs.
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asthma patients rely on drugs delivered by 
some form of inhalation device including 
the beta-agonist albuterol (also known as 
salbutamol) for treatment of and steroids 
for the prevention of asthma attacks. An 
increase in the number of diagnoses of 
chronic obstructive pulmonary disease 
(COPD) also means there is an expanding 
market for inhaled medications.

Inhaled delivery also offers opportu-
nities to develop combination products. 
By dosing two APIs together, there are 
potential benefits both in efficacy and 
compliance. GlaxoSmithKline received 
FDA approval in 2017 for an inhaled 
combination asthma product, Trelegy 
Ellipta, which treats COPD patients with 
a corticosteroid, a long-acting muscarinic 
antagonist, as well as a long-acting beta 
agonist at the same time. While this pre-
sented a significant challenge to formu-
lators, it offers benefits to patients with a 
reduced burden on administration.

There are benefits in using the lungs 
for systemic drug delivery. Some inhala-
tion-delivery drugs on the market include 
antibiotics such as aztreonam and tobra-
mycin, and levodopa, used to treat “off” 
episodes in Parkinson’s disease. Two in-
haled insulin products have also reached 
the market, although their take-up has 
been limited. MannKind’s Affrezza, is 
still available, after Pfizer discontinued 
its product, Exubera.

Inhaled delivery offers multiple advan-
tages over injected or oral dosing. Perhaps 
the most important characteristic is the 
fast onset of action: a drug absorbed deep 
within the lungs is taken up by the blood-
stream almost as quickly as one that is 
injected subcutaneously (1). This speed 
of delivery raises the potential for other 
time-sensitive applications such as pain 
relief, migraine treatment, or even schizo-
phrenia, where extremely rapid efficacy 
would be beneficial. 

Importantly, if a drug is inhaled 
rather than taken orally, it avoids the 
first-pass metabolism of the liver. This 
can prevent the formation of prob-
lematic metabolites, which can cause 
undesirable side-effects. It can also be 
advantageous if the drug is susceptible 
to being broken down by digestive en-
zymes in the gut (2). 

Changing the type of device used 
to administer an inhaled product can 
also bring benefits to both patients 
and innovators, such as moving from a 
standard metered-dose inhaler (MDI) 
to a dry-powder inhaler (DPI) or smart 
nebulizer. This change can offer IP ad-
vantages, as the device is part of the 
drug’s approval, and therefore makes it 
less susceptible for generic competition. 
Such a change may also make it easier to 
reposition a drug for a different patient 
population, such as children. 

The potential for greater compliance 
is also a factor in changing the device 
used to administer an inhaled drug. 
The accurate synchronization of breath-
ing and dose administration can be dif-
ficult with an MDI for some conditions 
and age ranges; if a patient fails to do 
this properly, the benefit of the drug 
may not be felt, leading to discontinua-
tion of treatment. A device that removes 
this requirement for careful breath and 
dose synchronisation has compelling 
commercial advantages.
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Justifying a need
Regulators are increasingly taking a 
negative view of repurposed projects 
that offer no benefits other than IP 
extension. Rather, they expect there to 
be some form of therapeutic rationale, 
whether this is a new therapeutic appli-
cation, or a method that proves easier or 
more effective to deliver the drug. 

Other benefits are possible. A new 
delivery route can allow tight thera-
peutic windows to be met, and attri-
butes such as safety, tolerability, and 
potency conserved while giving a faster 
onset of action. An inhaled product 
can replicate the pharmacokinetic 
profiles that are achieved via injec-
tion. Mucosal vaccination is another 
intriguing prospect being evaluated 
within the industry (3).

However, for innovators, there will 
always have to be a compelling com-
mercial story with any program. There 
are many examples of where this has 
been successful, and drugs that have 
been repositioned in one form or an-
other now represent about one third 
of all new drug products to reach the 
market, representing $500 billion in 
sales annually (4). 

But where is the potential clinical 
need for inhaled products? Several indi-
cations still represent significant unmet 
medical needs, particularly asthma and 
COPD, which together comprise more 
than half the whole market value for in-
haled products, and this is growing. But 
they are far from alone.

Other diseases of the lung where 
treatments are in short supply include 
pulmonary hypertension and idiopathic 
pulmonary fibrosis. And although there 
have been significant advances in treat-
ment for cystic fibrosis (CF) in recent 
years, these are only effective in a small 
sub-population of patients. Despite this, 
CF is outstripping the market with an 
annual growth rate of 10%, against a 
background of 6% growth overall, ac-
cording to Evaluate Pharma. 

The patient population in rare dis-
eases may be relatively small, but a suc-
cessful product will be able to command 
a premium price, as well as the boosts— 
abbreviated approval processes, fast-

track designation, fee waivers, and tax 
credits—that developers can receive if a 
project is given orphan drug designation. 
A product may also be given extended ex-
clusivity, which is important for a repur-
posed product. 

DPIs and nebulizers represent not just  
enabling technologies that allow a drug 
to be inhaled but are also an important 
part of the drug’s IP protection and, 
therefore, future revenues. DPIs can be 
easier to use than traditional MDIs, and 
modern nebulizers are not only smaller 
and easier to use than older models, but 
can also have smartphone connectivity 
built in. The ability to monitor treatment 
that this confers can be invaluable, not 
only for compliance, but also allowing 
physicians to keep track of how well the 
treatment is working. 

Modern nebulizers that are breath-
activated waste less drug, as they will 
only nebulize when the patient is 
actively breathing in. With connectivity 
technology—such as Bluetooth—
featured in newer devices, f low and 
volume controls ensure the nebulized 
aerosol meets a specific inhalation profile, 
or can be directed to the correct part of 
the lung.

Project selection: What can be 
repositioned or repurposed?
Every company will have its own 
proprietary method for determining which 
potential repositioning and repurposing 
projects are worth pursuing. While the 
intricacies vary from company to company, 
the broad principles are the same: assess 
the clinical need, the market size, and 
revenue versus development costs. 

The first step in the screening process 
is to look at the clinical needs the 
repositioned/repurposed product would 
meet and the potential for filling a gap 
in the current market. There should be a 
compelling scientific rationale for the new 
application. If it is fulfilling a true unmet 
medical need, then the project passes on 
to the next stage. If the patient population 
is sufficiently large, and the disease 
sufficiently widespread, there may be room 
in the market alongside existing products, 
particularly if there is the prospect of an 
improved delivery process. 

For those projects determined to 
have clinical potential, the commercial 
opportunities are then assessed. This 
includes deciding whether it would be 
sufficiently well differentiated from 
any competition, and how crowded 
the marketplace for that indication 
currently is. While the product may 
succeed, it may take too long to recoup 
the costs of development. The projected 
timescale for the development should 
also be considered; lengthy development 
timelines will have an impact on the 
overall cost of the project.

Next, available technical advantages 
should be assessed. Is there suitable 
technology in-house that will benefit 
the project? Or is there some means of 
gaining measurable improvements in 
functionality? Proprietary technology 
will make it more resistant to competition 
if it reaches the market and offers 
significant commercial advantages. 

Finally, the feasibility of the project 
should be considered, as well as the 
capability within the company to 
succeed. Inhaled products are not 
easy to develop; careful due diligence 
and research are needed to determine 
whether a product idea is feasible. 

External advisers and key opinion 
leaders can be invaluable. Do they have a 
view about whether it will work? Can they 
foresee any specific challenges arising in 
the development process? And do they 
think the project might meet the criteria 
for some form of abbreviated regulatory 
pathway?

Undergoing a formal assessment process 
is important if the chances of a project 
succeeding are to be maximized. This is 
important for inhaled products, where the 
technical considerations, in particular, will 
play a major role in the success of a project, 
both technically and commercially
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Development

T here are several factors that constitute an ideal dosage 
form, which should be considered in the development 
process. Not only must the dosage form perform opti-
mally, so that the drug product is therapeutically effec-

tive and the formulation is manufacturable at scale, but also the 
end-user requirements must be taken into account.

“An ideal dosage form is designed by selecting the most appro-
priate route of administration to ensure adequate bioavailability 
and exposure to allow the drug to have the intended therapeutic 
effect in the body,” says Steven Winling, product development 
technical specialist, Catalent. “At the same time, the dosage form 
should be designed to facilitate patient adherence and ease of ad-
ministration by offering the least invasive route possible, limiting 
the number of daily administrations, and allowing for a simple 
dosing regimen.”

Characteristics of an ideal dosage form
The broad applicability and variety of characteristics that com-
prise an ideal dosage form have tended to lean toward oral routes 
of administration more readily. As Torkel Gren, science and tech-
nology officer, Recipharm, points out there are many things that 
are achievable with tablets, such as immediate release, modified 
release, orally disintegrating tablets, fixed-dose combinations, 
among others. “Consequently, there is a lot of opportunity to 
develop a product that can be adapted to varying needs,” he adds.

In agreement, Manuel Leal, business development director, 
Idifarma, states that an ideal dosage form would be one that can 
achieve the intended action, does not require special storage 
conditions, has the precise strength, minimizes side effects, is 
easy to dose, and capable of being manufactured affordably. “The 
oral route of administration is the one that meets most of those 
characteristics, compared with other routes,” he says. 

“One key aspect that is receiving increased consideration, is 
the processability of the chosen API and drug product dosage 
form,” asserts Paul Kippax, pharmaceutical sector director, Mal-
vern Panalytical/Amplify Analytics. “Recent studies have shown 
that out of those formulations which successfully pass the IND 
[investigational new drug] regulatory review phase, only 10% 
make it to market. This has a considerable impact on the return 
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Making the  
Ideal Dosage Form
Felicity Thomas

End-user considerations are becoming 
increasingly important as they can 
provide a lot of value and help to ensure 
commercial success of a drug.
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on investment achieved by innovator pharmaceutical companies, 
especially in the post-blockbuster era.”

Commonly, formulations fail regulatory review as a result 
of problems with achieving reproducible drug product perfor-
mance during scale-up to commercial manufacture, Kippax 
further explains. “Addressing this issue required developers to 
consider how API and excipient selection impact not only bio-
availability but also process robustness, which can directly af-
fect dosage form selection,” he says. “As drug developers look to 
speed the development of new drug products and ensure a return 
on their development investment, we have seen a possible move 
away from more novel dosage forms, as these can be viewed as 
too high risk and/or labor-intensive to consider. Instead, devel-
opers are looking to align API and formulation selection with 
their existing manufacturing capability.”

“In most cases, the dosage form must successfully unlock the 
full potential of a drug by lifting or mitigating inherent biophar-
maceutical limitations that could not be addressed at the lead 
optimization step,” continues Winling. “To be a truly ideal dos-
age form, all the required goals should be achieved with a robust 
manufacturing process where the critical process parameters 
are well characterized through a quality-by-design approach. 
Generally, a simple, easily manufacturable, and scalable formu-
lation using established techniques is preferred to ensure repro-
ducibility and consistency of the product. When more complex 
formulations and methods are required to create the product, 
it is important not to lose track of the industrial viability of the 
dosage form, which could ultimately delay a drug’s ability to 
reach patients.”

For Rob Lee, president, CDMO division, Lubrizol Life Sci-
ence Health, it is critical to work backwards to attain the ideal 
dosage form. It is a good idea to routinely start with a target 
product profile (TPP) so that work can begin with the end goal 
in mind, he notes. “The TPP includes parameters such as the 
route of administration, how much API needs to be delivered 
over a specific time period, and other relevant critical quality 
attributes (CQA). Once this is established, the dosage form can 
be reverse engineered,” he confirms. 

“In my view, the ideal dosage form should meet patient needs 
above all else,” asserts Frederique Bordes-Picard, manager busi-
ness development for innovative products, Lonza Capsules and 
Health Ingredients. “Manufacturers should understand require-
ments and factors that include, but are not limited to, dose ranges, 
minimum intake per day, limitation of side-effects, swallowabil-
ity, handling limitations, visual impairments and then develop 
dosage forms accordingly.”

User-friendly formulations
According to Leal, user-friendliness can take different forms. 
“For instance, a common challenge in oral solutions or oral dis-
persible tablets is to improve the taste. Masking the bitter tastes 
of APIs without excessively increasing the weight of a tablet 
is a major development challenge,” he says. “Including more 
excipients to make a more user-friendly product can make the 
development of analytical techniques more complicated and 

can generate more interactions, leading to greater formulation 
instability. For these reasons, among others, user-friendliness 
should be considered as an additional CQA of the product from 
the beginning of development.”

There is a particular focus for user-friendly dosage forms 
when targeting pediatrics or geriatrics, notes Ralph Landau, 
head of development, Drug Product, Cambrex. “Taste and 
difficulty in swallowing can hinder patient compliance in pe-
diatrics and geriatric populations,” he says. “Utilizing meth-
ods of drug delivery, such as multi-particulates, can help to 
address patient compliance while maintaining the target drug 
substance in-vivo absorption profile.”

“User-friendly formulations are intended to make patients’ 
lives easier and remove the barriers that interfere with proper 
administration and adherence,” notes Winling. Considering 
user-friendly oral solid dosage forms, the formulator may 
be required to reduce the pill burden, avoid food associated 
restrictions, or enable once daily dosing, Winling confirms. 

“Additional challenges may add-up when the dosage form also 
must suit specific patient needs such as improved palatability 
or decreased size of the dose units for pediatric populations,” 
he states.

For capsules, the greatest challenge in creating a user-friendly 
form relates to the characteristics of the API, adds Steve Rode, 
manager business development, Lonza Capsules and Health 
Ingredients. “The size of a molecule may make it impossible to 
deliver a substance orally—this is often the case with proteins. 
The solubility required will also require specific formulation 
approaches and we have to consider dose, stability, odor, and 
color during formulation,” he notes. “Manufacturers often need 
to think about final cost to ensure patient affordability, and it is 
rarely the case that one formulation or dosage form will fit all 
patient needs. As such, a number of options will be required.”

Increasingly important
Driven by a continuous rise in patient expectation on thera-
peutic outcomes and an acknowledgement that considering 
the end user when developing a dosage form can help im-
prove compliance, there is an increasing importance being 
attributed to user-friendly dosage forms, comments Jeremy 
Drummond, senior vice-president, business development, 
MedPharm. “Patients want dosage forms that suit their life-
styles as well as positively impacting their health,” he says.

Rode confirms that there is a strong incentive for com-
panies to develop adapted dosage forms to support patient 
compliance, particularly in pediatrics and geriatrics and 
adds that manufacturers are becoming more aware of the 
criticality of patient compliance in trial and real-world out-
comes. Ultimately, patient compliance has an impact on the 
commercial success of a drug, he asserts.

“The importance of user-friendliness is certainly increasing,” 
concludes Gren. “In short, this is because user-friendly dosage 
forms provide a lot of value. No medicine will give any effect 
if it is not taken, or taken correctly, and user-friendliness is 
increasing compliance with medication regimens.” PT

Development
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Excipients

D imethyl sulfoxide (DMSO) is a small-molecule 
pharmaceutical ingredient with regulated uses 
as both an excipient and an API (1–2). Its capa-
bilities as a transdermal penetration enhancer 

and its value as cryopreservation media were first recog-
nized in the early 1960s. In recent years, this versatile sub-
stance has been incorporated into pharmaceutical products 
that require a high degree of microbiological quality.

Recently,  DMSO has been used in autologous cell therapies. 
In 2017, Novartis brought the first FDA-approved gene ther-
apy to market (Kymriah, Tisagenlecleucel) and Kite Pharma’s 
Yescarta (Axicabtagene Ciloleucel) was approved in the United 
States as a T-cell treatment for lymphoma. Both products con-
tain DMSO and are delivered by intravenous infusion. Sterility 
of the finished drug product is paramount in such treatments.

Other types of DMSO-containing parenteral products in-
clude long-acting injectable (LAI) formulations and certain 
combination drug/device products. In LAI applications, DMSO 
usually acts as a solvent to deliver a biopolymer/drug combina-
tion via subcutaneous/intramuscular injection. Another drug 
product in which DMSO sterility is critical is the Gvoke Hy-
popen (Xeris Pharmaceuticals), which was approved by FDA in 
2019 and uses DMSO as a delivery solvent for glucagon peptide. 

While excipients are by definition inactive substances, they 
are potential contributors to a pharmaceutical product’s overall 
bioburden. Hair and other foreign matter may be contributed 
to the product during filling. There may the potential for cross 
contamination with materials of animal origin. Additionally, 
excipients are not chemically inert to every method of steriliza-
tion. Even simple small molecules may undergo chemical reac-
tion when irradiated or thermally stressed. A understanding of 
an excipient’s unique chemistry is helpful when developing a 
sterilization protocol for a finished pharmaceutical formulation. 

Procipient (dimethyl sulfoxide USP, PhEur), manufactured as 
a bulk pharmaceutical ingredient by Gaylord Chemical Com-
pany, is not supplied as a sterile product. Increasing interest in 
suitable sterilization techniques compelled the authors to eval-
uate the impact of established sterilization techniques on the 
chemical product quality of the ingredient.

Lucelys Caton is a technical service scientist, Ashley 
Jones is a quality control chemist, and Andrew 
Johnson is a quality control manager, all with Gaylord 
Chemical Company.
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Suitable Sterility Methods  
for Dimethyl Sulfoxide USP, PhEur
Lucelys Caton, Ashley Jones, and Andrew Johnson

Dimethyl sulfoxide is increasingly used in high-
risk parenteral and medical device applications 
that must be manufactured as sterile products 
in their finished form. A study evaluated the 
effects four sterilization techniques have 
on the product quality of this ingredient. 
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Materials and methods 
Sterilization methods may be categorized as physical or chem-
ical in nature. Typical chemical techniques may involve pro-
grammed exposure to biocidal gases such as ethylene oxide (EO) 
or treatment with peracetic acid in its liquid phase. DMSO is a 
readily oxidized substance, known to produce dimethyl sulfone 
(CAS [67-71-0]) in the presence of oxidants such as hydrogen 
peroxide. Further, it is not inert to electrophilic substances such 
as EO and peracids (3). Gases and liquid sterilants are most 
applicable for the treatment of hard surfaces (medical device 
components, surgical tools) and are less useful with liquid or 
solid pharmaceutical formulations. For these reasons, chemical 
sterilization methods were not evaluated in this study.

Physical methods such as thermal sterilization, irradiation, 
and filtration are more suitable options for attaining sterility 
of dimethyl sulfoxide products. DMSO poses technical chal-
lenges for these methods, however. It is a strong solvent that 
can dissolve/degrade polymeric filtration media. DMSO is 
known to thermally decompose under some conditions. The 
impact of irradiation on DMSO quality has not been well 
documented. Another interesting option is the use of ex-
tremely high pressure to terminally sterilize pharmaceutical 
compositions (4). Although this method is likely suitable for 
use with DMSO from a physicochemical stability standpoint, 
it is the authors’ impression that this technique has not been 
broadly applied to the terminal sterilization of pharmaceu-
tical finished dosages.

After considering the established and practical options, four 
sterilization techniques were tested to evaluate their effects on 
the chemical stability of DMSO. These were e-beam irradia-

tion, gamma irradiation, thermal sterilization using dry heat, 
and aseptic membrane filtration sterilization. Although DMSO 
has a relatively high flashpoint (95 ˚C, open cup), the service 
provider would not sterilize DMSO samples in an autoclave or 
using the moist heat method, due to safety concerns.

Product samples of Procipient (dimethyl sulfoxide USP, 
PhEur) were provided to respected sterilization service provid-
ers, which applied the sterilization method to these samples. 
The treated samples were then returned to the Gaylord lab for 
chemical analysis, based on the set of stability indicating assays 
underlying the product’s International Council for Harmonisa-
tion of Technical Requirements for Pharmaceuticals for Human 
Use long-term stability program. Figure 1 diagrams this process. 
An unopened control sample for subsequent sterility assurance 
was tested by another service provider, along with the various 
treated samples. The additional details of the sample plan are 
given in Table I. Additional experimental details follow.

E beam irradiation. The service provider (Steritek) used an 
electron beam accelerator rated at 10 MeV @ 20 kW. Prior to 
irradiation of the DMSO samples, a dose distribution study 
was performed using six vials of Water, USP. These samples 
were processed such that opposite sides of the water sam-
ples were irradiated. Calibrated dosimeters (B3WINDOSE, 
GEX Corporation) were used to develop dosing recommen-
dations for the DMSO product samples. A target dose of 
49–53 KGy was recommended; a delivered dose of 51 KGy 
was delivered. Samples were irradiated in 250 mL Type II 
amber glass bottles.

Gamma irradiation. DMSO samples were irradiated using a Co-
balt 60 irradiation field. A dose of 30–60 KGy was specified by 
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Figure 1. Sampling plan.
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the service provider (Steris); a delivered dose of 30.7–37.05 kGy 
was delivered for an exposure time of 834 minutes; final dosage 
36.96 kGy. The DMSO samples were processed in 1L Type II 
amber glass bottles.

Dry heat sterilization. Processing of DMSO samples was per-
formed in a hot air oven set to a processing temperature of  
160 °C. Two biological indicator vials and three thermocouple 
vials were placed in the oven during testing. Biological indi-
cators and thermocouples were not placed in the DMSO sam-
ples themselves. After processing, the biological indicators 
were cultured. No growth was seen. All samples were sealed 
in 100 cc amber glass Type I vials using 20 mm Teflon-coated 
chlorobutyl stoppers and 200 mm aluminum crimp seals.

Aseptic filtration. Sterilization by aseptic filtration is the most 
commonly used method of sterilization for DMSO. It has been 
proven in the industry to be an acceptable sterilization method 
for solutions or liquids that may not be sterilized in a final 
container (5). Aseptic filtration of DMSO is widely used in 
research, clinical, and regulated products. Because this is a 
widely used and an industry standard, the authors deemed it 
suitable to test one sample lot for comparative purposes. 

Sterility was performed in compliance with FDA reg-
ulations 21 Code of Federal Regulations Parts 210, 211 and 
820, following Nelson Laboratories Standard Test Protocol: 
STP0077 Rev 22. DMSO samples were processed through 

a closed-membrane filtration system in a cleanroom en-
vironment; an industry standard (6). DMSO product was 
passed through a 0.22 μm polytetrafluoroethylene (PTFE) 
membrane and filter housings that are DMSO compatible. 
Following filtration, 100 mL of product was incubated for 
14 days; incubation temperature of 20–25 °C soybean casein 
digest broth (SCDB)/30–35 °C fluid thioglycolate medium 
(THIO). This test verifies the product has been successfully 
filtered sterilized. 

Sterility assurance
Bioburden and endotoxin tests were performed to validate the 
effectiveness of the different sterility methods. Even though 
Procipient is not supplied as a sterile product, the manu-
facturer’s historical data has shown no adverse changes in 
both bacterial endotoxin tests (BET) and bioburden tests 
performed internally. Results for BET and bioburden were 
compared with the non-sterilized samples; no growth was 
shown in any of the processed samples. The BET utilized 
was the kinetic turbimetric method (Nelson Labs LAL110); 
for bioburden both aerobic bacteria and fungi (Nelson Labs 
BIO220) and a sample suitability per organism (Nelson Labs 
BIO930) was performed. Results of all samples submitted 
were <0.2 EU/mL (1:40 dilution) for BET and <1 Anaerobic/ 
<1 fungal colony forming units/1 mL for bioburden. 

Table I. Summary of sterilization techniques and test methods. Service providers were Steritek (Fremont, CA); Steris 
PLC (Mentor, OH); Prince Sterilization Services (Pine Book, NJ); Nelson Laboratories (Salt Lake City, UT). USP/NF is 
United States Pharmacopeia/National Formulary. PhEur is European Pharmacopoeia. 

Sterilization Technique Service Provider Test Details

E beam irradiation Steri-Tek  51 kGy delivered dose range

Gamma irradiation Steris Laboratories 60Co; 30.7-37.05 kGy delivered dose; 834 minutes

Dry thermal Prince Sterilization Services 160 ˚C, 2 hours

Aseptic filtration Nelson Laboratories
0.22 µ polytetrafluoroethylene filter; protocol 
STP0077 Rev 22

Chemical Quality Test Service Provider Test Details

Related compounds Gaylord Chemical USP/NF 42

Water Gaylord Chemical USP/NF 43

UV Absorbance Gaylord Chemical USP/NF 44

Non-volatile residue limit Gaylord Chemical PhEur 10th Edition

Related substances Gaylord Chemical PhEur 10th Edition

Absorbance Gaylord Chemical PhEur 10th Edition

Assay, Gas chromatography-flame 
ionization detection

Gaylord Chemical Gaylord Internal

APHA color Gaylord Chemical ASTM D-1209

Sterility Assurance Test Service Provider Test Details

Bacterial endotoxin test (BET) Nelson Laboratories Kinetic Turbimetric method

Anerobic bacteria and fungi Nelson Laboratories BIO 220

Soybean casein digest broth (SCDB) Nelson Laboratories 21 CFR Part 210, 211, 820

Fluid thioglycolate medium (THIO) Nelson Laboratories 21 CFR Part 210, 211, 820
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A basic sterility assurance test was performed by incu-
bating for 14 days at 20–25 °C SCDB/30–35 °C THIO. No 
growth was detected in both mediums. 

Results
Of the four sterilization methods evaluated, only one (asep-
tic filtration) met all chemical quality requirements. Clearly, 
E-beam irradiation, gamma irradiation, and dry heat steril-
ization negatively impact the quality of DMSO. A summary 
of the chemical stability results is given in Table II.

The results from sterility assurance testing on all sam-
ples were consistent, and positive across all four sterility test 
methods. For all samples, no growth was reported in either 
soybean casein digest broth (SCBD) or fluid thioglycolate me-
dium. For BET testing, < 0.2 EU/mL was reported for sterility 
test methods, at a 1:40 dilution. Bioburden testing reported  
< 1 Anaerobic and < 1 fungal colony forming units (CFU)/1 mL.

Discussion
Based on the above, the preferred method of the sterilization 
of DMSO is sterile filtration. The chemical quality data on the 
DMSO sample that had been sterilized by this method were 
indistinguishable from the untreated (and analytically pure) 
material. Aseptic filtration is, in fact, a proven DMSO steriliza-
tion technique in use today; there are “DMSO-compatible” filter 
media, filter housings, etc., available from the manufacturers of 
filtration products. 

For many simple applications (i.e., sterilization of DMSO for 
use as cryomedia), aseptic filtration is ideal. As mentioned above, 
the materials of construction of the filter, peristaltic pump tub-

ing, O-rings, etc., must be scrutinized. Unless verified through 
proper leachables/extractables testing, the use of specific per-
fluorinated materials (PTFE, Teflon, Kalrez) and some poly-
olefins (high density polyethylene, high density polypropylene) 
are prescribed. When pure DMSO is being processed, some 
polymers used in medical applications should be scrutinized, 
notably polyvinylchloride.

This presents a challenge for emerging technologies in which 
the finished pharmaceutical product is a viscous solution. Of 
course, this includes the use of DMSO as a delivery system for 
implantable medical polymers. One option is to simply sterilize 
the DMSO component and drug/polymer components individ-
ually, for later combination at the point of use. 

Heat sterilization of a DMSO-based pharmaceutical for-
mulation would seem ideal as a means to address this need. 
Clearly, however, thermal stress can impact the chemical 
quality of the DMSO component in such DMSO/polymer/
drug products. The mechanism of DMSO’s thermal degra-
dation has been described in an industrial setting; the mech-
anism of decomposition should be relevant under conditions 
of thermal sterilization (7). Traces of thiochemical degrada-
tion byproducts (dimethyl sulfide, etc.) are responsible for 
elevated ultraviolet (UV) levels of the product, failing related 
substance test results, etc. This suggests that—while not prac-
tical under the conditions evaluated in this work—process 
parameters that allow the thermal sterilization may be iden-
tifiable for some pharmaceutical formulations.

Irradiative sterilization of DMSO-containing pharmaceuti-
cals is not straightforward. Gamma irradiation of the DMSO 
samples in this study failed all of the stability-indicating test 

Excipients

Figure 2. Comparative gas chromatography-flame ionization detector (GC-FID) data, showing the impact of gamma 
irradiation on dimethyl sulfoxide chemical quality.

Sample USP180508 GC-FID data: before gamma irradiation

Sample USP180508 GC-FID data: after gamma irradiation
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methods. Figure 2 compares related substance data for untreated 
and gamma irradiated samples. The samples (clear, odorless, 
and water-white prior to irradiation) were tinged and odorous 
post-irradiation. Of particular interest are the elevated and fail-
ing values for the non-volatile residue test. This suggests that 
higher molecular degradation products may form during the 
gamma irradiation process. Based on the reported decomposi-
tion behavior of DMSO, the residue generated during gamma 
irradiation is likely paraform, but this has not been verified 
analytically (7). 

Chemical quality results from the E beam-irradiated samples 
were somewhat more positive. Although the UV absorbance 
and gas chromatographic-based test results failed, product 
color was adequate. Importantly, the E beam-irradiated sam-
ples passed the non-volatile residue test, suggesting that no 
high molecular weight decomposition byproducts were formed 
during sterilization. There is perhaps the potential for method 
as a DMSO sterilization technique, but more work is needed to 
validate this supposition.

Conclusion
This work ultimately recommends aseptic filtration as the 
most suitable sterilization method for DMSO. Our evaluation 
found that the other relevant sterilization techniques should 
be expected to negatively impact the chemical stability of 
the DMSO component in a finished pharmaceutical dose. In 
the event that aseptic filtration is not suitable for other com-
ponents in the finished formulation, the DMSO component 
may be simply sterilized before use in the final product and 
combined with the other ingredients. The inherent stability 
of this versatile excipient is significant; the manufacturer of 

Procipient has documented a retest date of four years under 
USP controlled room temperature conditions. 

Although it is not a completely inert material, the steriliza-
tion of DMSO is widely practiced. In cases in which E beam, 
gamma irradiation, or thermal sterilization are desirable, a 
feasibility study is probably worthwhile. The conditions cho-
sen for this study, while representative of common steriliza-
tion parameters, may not be required in all applications.

All excipients should be evaluated for their stability under 
the conditions of sterilization to include potential interac-
tions with other inactive ingredient, the formulation’s pack-
age, and the drug substance itself. The authors hope this 
work will serve as useful a starting point for pharmaceutical 
formulators and medical device designers as they consider 
the impact that a sterilization technique may have on the 
DMSO component of their products. 
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E beam Gamma Dry heat
Aseptic 
filtration

Product lot 171027 180404 180508 171027 180404 180508 171027 180404 180508 180404

Color, APHA 5 5 5 10–15 15 15 5 5 5 5

Related compounds, 
USP (%)

99.846 99.842 99.84 99.8378 99.8365 99.828 99.996 99.999 99.999 99.9993

Water, USP (ppm) 149 143 163 154 170 179 <100 <100 <100 107

UV Absorbance, USP

Non-volatile Residue, 
USP (%)

0 0 0 0.025 0.03 0.03 0 0 0 0

Related Substances, 
EuPhr (%)

Absorbance, EuPhr

Passed Text Failed Text
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Manufacturing

L oss-in-weight (LIW) or gravimetric feeding is the most 
commonly used continuous feeding method for pharma-
ceutical powders (1–4). With the commercial adoption of 
continuous manufacturing of solid oral pharmaceutical 

dosage forms in recent years, there has been increasing focus on 
LIW feeding for these applications, looking at both equipment de-
sign and utilization within the process. Feeding is one of the most 
important unit operations within a continuous manufacturing 
process, and while this can be said regardless of the type of process 
(e.g., wet granulation, roller compaction, direct compression), it is 
most critical for continuous direct compression processes. In a 
direct compression process, the material attributes of the formu-
lation ingredients being fed can have a major effect on the down-
stream process and attributes of the final product. Materials that 
are challenging to feed may lead to higher variability of the final 
product, or in extreme cases, the need to pause operations and 
attend to the feeder. Therefore, it is important that LIW feeder per-
formance is optimized during process development, particularly 
for poorly flowing materials. 

Previous work has demonstrated that the operational range of 
LIW feeders depends on the feeder size, tooling, and the attributes 
of the material being fed. Cohesive materials that tend to agglom-
erate or entrap air within the powder bed will have a narrower 
range of operation as compared to well-flowing materials. Addi-
tionally, irregularity in bed properties can result in unstable flow 
rates, and erratic mass flow behavior can be transferred down to 
successive unit operations downstream of the feeders (5–12) and 
to the final product. Recent work has been performed to correlate 
LIW feeder performance to material properties (13–16). Li et 
al. identified a correlation between the feedfactor for Coperion 
K-Tron KT-20 LIW feeders to conditioned bulk density obtained 
from the Freeman FT4 Powder Rheometer (13), and Escotet-Es-
pinoza et al. found a similar correlation between conditioned bulk 
density and the feedfactor for a GEA Compact LIW Feeder (14). 
Escotet-Espinoza et al. also found that using principal component 
analysis (PCA), a correlation can be established between bulk ma-
terial properties (e.g., free-flowing particles versus soft compressed 
agglomerates) and how the material discharges from the feeder 
(14). Tahir et al. also found correlation between bulk material prop-
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Optimizing  
Loss-in-Weight Feeding  
of Poorly Flowing Materials
James Scicolone, Douglas B. Hausner, John Palmer,  
Andrew Birkmire, James Holman, and Fernando J. Muzzio

Prior to use in a continuous manufacturing 
system for oral solid dosage forms, loss-in-
weight feeders need to be tested and validated 
to understand the performance capabilities 
of a given material–feeder combination. In 
this article, the proper strategy for set-up 
and optimization of a loss-in-weight feeder 
is demonstrated for a range of materials. The 
optimized set-up of the feeders was demonstrated 
to provide suitable performance for even the 
most challenging, poorly flowing materials.
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erties and feeder performance using partial-least square regression 
and PCA similarity grouping of materials (15). The recent focus 
of research has further highlighted the need to understand and 
optimize LIW feeder performance for the further development 
of pharmaceutical continuous manufacturing processes of solid 
dose products (16). 

Even though LIW feeder systems may seem simple in princi-
ple, the behavior of feed materials can be complex (3). Given their 
importance in a continuous pharmaceutical solid dose manufac-
turing process, LIW feeders need to be tested and validated during 
process development to understand the performance capabilities 
of a given material–feeder combination. The ability to feed powder 
consistently and continuously is a critical requirement of a contin-
uous manufacturing process (17,18). This requirement becomes 
especially relevant when feeding APIs, which cannot always be 
selected based on their suitability for the process such as an excip-
ient potentially can.

In this study, a previously defined method for characterizing 
and classifying materials was used to identify a range of materials, 
from poorly flowing through well flowing, for experimentation 
(18). Within this classification system, group 1 materials are poorly 
flowing with a tendency to stick to surfaces, group 2 materials have 
better granular flow and a lesser tendency to stick to surfaces, and 
group 3 materials are considered to be well flowing. These materi-
als were then characterized so that their material properties could 
be used to determine the initial set-up of a LIW feeder. The feeder 
set-up was then optimized for each material, including the screw, 
screen, and configuration for refill. 

Materials 
Materials from the three groups were chosen for this investiga-
tion. Microcrystalline cellulose (MCC) (Avicel 102, DuPont) was 
a group 1 material. Another MCC (Avicel 101, DuPont), croscar-
mellose sodium (AcDiSol, DuPont), and Prosolv 50 (JRS Pharma) 
represented materials from group 2. Powder grade acetaminophen 
(Mallinckrodt), magnesium stearate (Mallinckrodt), and Lactose 
450m (DFE Pharma) represented materials from group 3. The 
particle sizes (d10, d50, and d90) for all seven materials were 
obtained from a laser diffraction particle sizer (LS 13-320, Beck-
man-Coulter) with a tornado dry powder module. Aerated and 
tapped density were recorded from a tapped density test performed 
according to United States Pharmacopeia (USP) <616> standard 
procedure (19) using an automated tap density measurement in-
strument (Autotap, Quantachrome). The Hausner ratio was calcu-
lated from the ratio of tapped density to aerated density. A rheom-
eter (FT4, Freeman) was used to characterize the powder packing 
and flow properties. Compressibility, permeability, flow energy, 
and shear cell tests were performed according to the Freeman FT4 
protocol. The conditioned bulk density (cBD), compressibility per-
cent at 15 kPa normal stress (CP% at 15 kPa), and density at 15 kPa 
were obtained from the FT4 compressibility test. Permeability at 
15 kPa was obtained from the FT4 permeability test. Basic flow 
energy (BFE) was obtained from the FT4 stability and variable 
flow rate test. Cohesion, unconfined yield strength (UYS), major 
principal stress (MPS), angle of internal friction (AIF), and flow 

function coefficient (FFc) were obtained from the FT4 3-kPa shear 
cell test. The material characterization values appear in Tables I and II.

Equipment
The Compact Feeder (GEA) is a twin-screw, LIW feeder with an 
integrated refill system that is designed specifically for use in phar-
maceutical applications. The small footprint design allows for a 
high number of units to be placed around the inlet of subsequent 
unit operations without the need for sloped hoppers or multiple 
feeding stages. The feeder is made up of two main sections: a swap-
pable top section, which can be removed and replaced, consisting 
of the powder pump and hopper and a bottom section containing 
the load cell and servo motor used to drive the agitator and screws. 

The feeder uses a 2.6-L flat-bottomed hopper with a four-blade 
agitator used to fill the screws. The agitator can either be flat or 
fitted with vertical bridge-breaker elements to prevent cohesive 
materials from bridging in the hopper. Typically, the feeder is ex-
pected to deliver mass flow rates accurately in the range of hun-
dreds of grams per hour to tens of kilograms per hour. Delivery for 
different ranges is achieved by using change parts, such as different 
servomotor gearboxes (63:1, 235:1, and 455:1) and screw designs 
(10-mm and 20-mm concave). 

The compact feeder uses an integrated refill system used to ac-
curately and repeatably refill the feeder hopper with material. The 
refill system consists of a ball valve and hopper (either configured 
with a vacuum system or gravity feed). The ball valve volume can 
be changed by using inserts with final volumes of 1.6, 1.2, 0.8, and 
0.4-L achievable. The refill volume is typically chosen based on 
the feedfactor profile for a given material. The feedfactor is the 
maximum amount of powder which can fit within the screw flight 
per unit time. 

Method
Feed-factor profile generation. The feeder was mechanically config-
ured in its optimum set-up for each material and then filled to its 
maximum load with an expected volume of powder of 2 L after 
refill. The maximum load is a function of the expected refill vol-
ume and the bulk density as shown in Equation 1:

                   m(max load)= ρBD∙V(after refill)∙1.2                                            [Eq. 1]

In this work, the feeder was primed by running the screws until 
the mass flow rate of material leaving the screws was at a steady 
state. Steady state was confirmed by performing three static feed 
factors tests at a screw speed close to the screw speed required for 
the mass flow rate set-point and checking that the measured feed 
factor was reproducible . The feeder was then refilled back to its 
maximum load and then started under gravimetric control. After 
the screws ran empty, the feeder was stopped. The whole proce-
dure was repeated in triplicate. The data were recorded directly 
from the programmable logic controller using software (TwinCat 
Scopeview, Beckhoff Automation).

Refill study. The refill system was configured in its optimum 
set-up for each material. The system was then filled to the specified 
maximum fill level. In order to test the reproducibility of the refill 
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system, 10 refills were conducted, and the mass of each refill was 
recorded using an external balance. When the level fell below the 
specified minimum fill volume, the system was refilled manually 
back to the maximum fill volume. The mean and variability for 
the 10 refills were calculated for each material.

Different material classes with optimized feeders
Prior to use, LIW feeders need to be tested and validated to un-
derstand the performance capabilities of a given material–feeder 
combination. A feeder is first calibrated to obtain an initial feed 
factor, and then it is run, without interferences, for a given period 
of time. The feeder data are then analyzed to quantify the  accuracy 
of mass flow rate dispensed by the feeder. 

In this experiment, the standard hopper and standard impeller 
were used for the materials except magnesium stearate and acet-
aminophen. The baffled hopper was used with the asymmetric 
impeller for the magnesium stearate to break up the powder flow 
within the hopper. For the group 1 materials, magnesium stea-
rate, lactose 450m, and powder-grade acetaminophen, a screen 
was used at the exit of the feeder screws. The screen creates a 
slight backpressure to improve uniformity of powder filling the 
screws and reduce any carving effects from the materials leaving 
the screws. A 2-mm mesh screen was used for magnesium stea-
rate, whereas a 8-mm mesh screen was used for the lactose 450m 
and the powder-grade acetaminophen. Additionally, the gearbox, 
which dictates the maximum screw speed from a gear reduction of 
the motor speed, was varied based on the desired target set point. 

Higher gear reduction ratio is required for lower set points. Each 
set point was chosen based on an assumed weight percentage for 
each of the materials that was likely to occur in a given formulation 
with a total operational throughput of 50 kg/hr. For instance, the 
set point for powder-grade acetaminophen was calculated to be 
5 kg/hr, assuming it would be 10 w/w% in a representative for-
mulation. Therefore, a 63:1 ratio gearbox number was used for 
Avicel 101, Avicel 102, power-grade acetaminophen, and Prosolv 
50; a 235:1 ratio gearbox number was used for lactose 450m; and 
a 455:1 ratio gearbox was used for AcDiSol and magnesium stea-
rate. Concave screws with a 20-mm pitch were used for Avicel 101, 
Avicel 102, AcDiSol, Prosolv 50, Lactose 450, and powder-grade 
acetaminophen. Since the target throughput for magnesium stea-
rate was very low, 10-mm pitch concave screws were used. The 
10-mm pitch screws have a lower volumetric throughput than the 
20-mm screws, resulting in better control of throughput at low set 
points. The conditions used for the feeder performance tests are 
shown in Table III. All experiments were performed in a controlled 
environment with an average relative humidity of 33% and tem-
perature of 19.7 °C. 

For each material, the feedfactor calibration was performed 
three times, prior to each of the three runs, and the average 
and relative standard deviation (RSD) were calculated from 
the nine values. The calibration was performed to obtain the 
maximum throughput for the specific feeder, screw, and powder. 
The feeder was then filled and run until it was empty. The GEA 
control software can also calculate and record the feedfactor in 

Table I. Compressibility, tapped density, and permeability results of the materials tested. 

Material
Conditioned bulk 

density (cBD) (g/mL)
Compressibility 

% @ 15 kPa
Density (g/mL) 

@15 kPa
Aerated bulk 

density (g/mL)
Tapped 

density (g/mL)
Hausner 

ratio
Permeability 

(cm2) @15 kPa

AcDiSol 0.49 12.7 0.57 0.52 0.68 1.30 45.1

Avicel 101 0.34 16.9 0.42 0.32 0.46 1.40 99.6

Avicel 102 0.34 15.2 0.40 0.32 0.44 1.38 93.2

Prosolv 50 0.34 11.4 0.38 0.34 0.443 1.30 64.6

Magnesium stearate 0.29 36.2 0.45 0.24 0.38 1.59 2.5

Powder-grade 
acetaminophen

0.28 50.6 0.56 0.35 0.58 1.67 13.6

Lactose 450m 0.42 19.5 0.71 0.40 0.70 1.77 11.5

Table II. Particle size (D10, D50, and D90), basic flowability energy (BFE), and 3 kPa shear-cell results (cohesion, unconfined 
yield strength [UYS], major principal stress [MPS], and angle of internal friction [AIF]) for the materials tested.

Material
D10 

(micron)
D50 

(micron)
D90 

(micron)
BFE (mJ)

Cohesion 
(kPa) 

UYS 
(kPa) 

MPS 
(kPa) 

FFC AIF (º) 

AcDiSol 18.9 45.1 118.7 318.2 0.18 0.87 7.99 9.257 45.85

Avicel 101 24.1 73.5 167.3 105.3 0.29 1.14 6.12 5.37 36.32

Avicel 102 37.8 124.7 245.3 143.4 0.16 0.63 5.46 10.28 35.16

Prosolv 50 20.1 60.4 118.0 182.2 0.14 0.52 5.21 10.10 33.20

Magnesium stearate 2.7 7.1 15.0 18.0 0.40 1.45 5.40 3.74 30.42

Powder-grade 
acetaminophen

9.9 57.4 166.0 95.7 0.67 2.53 6.24 2.48 34.24

Lactose 450m 3.8 22.0 46.2 68.0 0.53 2.01 5.59 2.78 34.67

Manufacturing



Pharmaceutical Technology  APIs, EXCIPIENTS, & MANUFACTURING 2020     s27

bins, separated by every 10% of hopper fill. All feedfactor data 
appear in Table IV. For all materials, the feedfactor decreases as 
the hopper fill diminishes; the decrease is more pronounced 
for different types of materials, due to the flowability and the 
head pressure of the powder sitting above the screws. Prosolv 
50 and AcDiSol maintained a consistent feedfactor throughout 
the run, with a feedfactor above 90% of the initial feedfactor. 
Avicel 102 and Avicel 101 maintained a feedfactor above 90% 
of the initial feedfactor, down to 10% fill; however, noticeable 
change occurred in the final 10% hopper fill. The group 1 ma-
terials showed more significant changes in feedfactor than both 
groups 2 and 3. Lactose 450m and powder-grade acetamino-
phen maintained 90% of the initial feedfactor until 40% hopper 
fill. Below 40%, both feedfactors decreased significantly, with 
Lactose 450m ending with a feedfactor that was 63% of the ini-
tial feedfactor, and powder-grade acetaminophen ending with 
a feedfactor that was 44% of the initial feedfactor. Magnesium 
stearate showed the most significant decrease in feedfactor, 
dropping below 90% initial feedfactor at 50% hopper fill and 
ending with a feedfactor that was 58% of the initial feedfactor. 
The changes in feedfactor assist the user with determining when 
a refill should occur, as the refill should be performed prior to 
significant changes in feedfactor.

From the one-second interval feeder data of the complete 
dispensing of each of the powders, the average, standard 
deviation and RSD were then calculated for the mass flow 
and screw speed. The theoretical weight percent, set point, 
average mass flow rate, mass flow rate RSD, average screw 
speed, and the screw speed RSD are presented in Table V. The 

results from Table V show that the feeder accurately dispenses 
the mass flow on target with high consistency. The feeder 
mass f low RSD values for all materials were less than 4%, 
whether the material was from group 1, 2, or 3. The most 
change observed was for the feeder screw speed when dis-
pensing magnesium stearate. This value shows that there is 
a change in bulk density of the magnesium stearate because 
the screws had to change speed more frequently than for the 
other materials. However, even with the changing in screw 
speed, the feeder was able to accurately meet the target of 
0.1 g/s with a mass flow RSD below 2%.

The refill system was set up for an optimal discharge for 
each material. Based on past experimental experience with ac-
etaminophen, the straight hopper was used for powder-grade 
acetaminophen because it results in less bridging. For the re-
maining six materials, the Volkman hopper type was used. Each 
hopper type had a vibration unit attached, which was controlled 
by an air supply with 2 Bar of pressure and run from 3 to 5 
seconds after each refill.

To characterize the consistency of powder refill, each ma-
terial was dispensed 10 times, and the mass recorded for each 
instance was used to calculate an average mass and RSD (see 
Table VI). For the majority of the materials tested, the RSD was 
below 1%. Magnesium stearate and powder-grade acetamino-
phen had the highest RSD values of 2.7 and 5.5%, respectively, 
which was to be expected due to the more cohesive nature of 
these materials. However, in our experience, these values of 
mass flow rate RSD are small to moderate and easily handled 
by typical continuous blenders. 

Table III. The feeder conditions used for performance testing on each of the materials. 
Material Screw pitch (mm) Gearbox ratio (#) Mesh (mm) Impeller type Hopper type

AcDiSol 20 455:1 n/a standard standard

Avicel 101 20 63:1 n/a standard standard

Avicel 102 20 63:1 n/a standard standard

Prosolv 50 20 63:1 n/a standard standard

Magnesium stearate 10 455:1 2 asymmetric baffle

Powder-grade acetaminophen 20 63:1 8 asymmetric baffle

Lactose 450m 20 235:1 8 standard standard

Table IV. Feedfactor values for each of the materials tested.

Average 
initial 

feedfactor 
(g/rev)

Relative 
standard 
deviation 
of initial 

feedfactor

Feedfactor 
less than 
10% fill

Feedfactor 
at 20-10% 

fill

Feedfactor 
at 30-20% 

fill

Feedfactor 
at 40-30% 

fill

Feedfactor 
at 50-40% 

fill

Feedfactor 
at 60-50% 

fill

Feedfactor 
at 70-60% 

fill

Feedfactor 
at 80-70% 

fill

Feedfactor 
at 90-80% 

fill

Feedfactor 
at 100-
90% fill

AcDiSol 1.85 0.51 2.09 2.13 2.18 2.20 2.22 2.22 2.24 2.23 2.24 2.28

Avicel 101 1.25 0.51 1.40 1.47 1.51 1.53 1.53 1.55 1.56 1.57 1.58 1.60

Avicel 102 1.25 0.51 1.19 1.44 1.46 1.49 1.51 1.51 1.55 1.55 1.58 1.60

Prosolv 50 1.24 0.51 1.41 1.48 1.51 1.54 1.54 1.55 1.55 1.55 1.57 1.55

Magnesium 
stearate

0.36 0.50 0.27 0.33 0.32 0.33 0.35 0.39 0.44 0.46 0.47 0.46

Powder-grade 
acetaminophen

0.93 0.54 0.52 0.71 0.87 1.04 1.12 1.13 1.24 1.28 1.26 1.18

Lactose 450m 1.84 0.50 1.41 1.59 1.89 1.99 2.04 2.15 2.14 2.08 2.23 2.24
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Conclusion
For successful and robust process development of sold-dose prod-
ucts by continuous pharmaceutical manufacturing, LIW feeders 
need to be tested and validated to understand the performance 
capabilities of a given material–feeder combination. The authors 
have demonstrated a robust process for testing individual mate-
rials in LIW feeders to obtain the ideal configuration and oper-
ational parameters that will provide the minimal RSD and refill 
perturbation at the exit of the feeder. A range of materials were 
selected, including challenging compounds that are not well flow-
ing. Under the optimized conditions, nearly all of the materials 
were fed with acceptable RSD values.  

Because the unit operations downstream of the LIW feeders 
within the process will influence the RSD of the final product, it 
remains important to consider the LIW feeder operational RSD 
as well as the refill perturbation of each ingredient in combination 
with these downstream unit operations. Continuous blending will 
typically follow feeding within one or two unit operations and 
can serve to further mitigate feed-rate variations and disturbances 
(20,21). This mitigation is particularly important for poorly flow-
ing group 1 materials within this study, such as powder-grade 
acetaminophen and magnesium stearate. 

Overall, the proper set-up and optimization of a given feeder–
material combination will ensure that the most robust continuous 

pharmaceutical sold-dose manufacturing process is developed. 
The proper time and effort should be put into examining feeder 
performance as early as possible during process development. 
While it may be difficult to do this examination for APIs based 
on available quantity and associated cost, it should be feasible to 
test excipients early on and include feedability as one of the criteria 
for their selection for a continuous process. 
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Table V. The theoretical weight percent, set point, average mass flow rate, mass flow rate relative standard deviation 
(RSD), average screw speed, and screw speed RSD for materials dispensed from the loss-in-weight (LIW) feeder (GEA).

Material
Assumed 

wt.%
Set point 
(kg/hr)

Set point (g/s)
Avg. feeder mass 

flow (g/s)
Feeder mass 
flow RSD (%)

Avg. screw 
speed (RPM)

Screw speed 
RSD (%)

AcDiSol 5 2.5 0.69 0.69 0.63 18.86 1.81

Avicel 101 40 20 5.56 5.55 0.61 216.60 2.10

Avicel 102 40 20 5.56 5.54 0.92 219.33 3.25

Prosolv 50 40 20 5.56 5.55 0.48 217.63 2.12

Magnesium stearate 0.75 0.38 0.10 0.10 1.60 16.69 17.72

Powder-grade 
acetaminophen

10 5 1.39 1.39 3.46 72.22 6.45

Lactose 450m 10 5 1.39 1.38 1.09 40.03 6.01

Manufacturing

Table VI. The average mass and relative standard 
deviation (RSD) for each of the materials tested.

 Material Mean (kg) RSD (%)

Avicel 101 0.406 0.59

Avicel 102 0.438 0.66

AcDiSol 0.673 0.48

Lactose 450M 0.652 0.79

Magnesium stearate 0.244 2.71

Powder-grade acetaminophen 0.311 5.51

Prosolv 50 0.440 0.58
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C ontinuous manufacturing for oral solid-dosage 
(OSD) drugs continues to grow in acceptance 
as early adopters and equipment manufactur-
ers refine their equipment and processes. With 

six small-molecule OSD drugs approved using continuous 
manufacturing—including both new products and existing 
products made in a batch process and now made in a con-
tinuous process—the precedent has been set for other com-
panies to follow. By manufacturing in a new way, processors 
hope to reap benefits, such as faster development, a smaller 
equipment footprint, greater f lexibility in manufacturing 
scale, tighter process control, and the potential for real-time 
release. The advanced process control with continuous mon-
itoring used in continuous processes allows more consistent 
quality, which reduces waste and lowers operating costs.  

“CM practitioners will need to have a more advanced level of 
process understanding to apply advanced quality measurement 
and control strategies. However, if carried out successfully, the 
payoff will be a flexible and robust drug supply chain that can 
be ramped up quickly in time of health crisis,” notes Professor 
Johannes Khinast, head of the Institute for Process and Particle 
Engineering in the Research Center Pharmaceutical Engineer-
ing (RCPE) at the Graz University of Technology in Austria. 

“CM is a tremendous opportunity to advance drugs to the 
market at a much faster pace than traditional batch manu-
facturing and [enable] enhanced product quality based on 
enhanced process understanding and a richer data envi-
ronment,” agrees Jose Luis Santos, head of Drug Product 
Continuous Manufacturing at contract development and 
manufacturing organization (CDMO) Hovione.

Material handling
A challenge for continuous manufacturing is that the ma-
terial handling and feeding into the process is critical, and 
there are two primary concerns: some of the APIs and ex-
cipients are poorly f lowing powders and feeding very low 
levels of API can be difficult. 

“We need to significantly increase the consideration of 
process interconnection and materials aspects when design-
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Solid-Dose Continuous 
Manufacturing Presses On 
Jennifer Markarian

Early adopters and equipment manufacturers 
refine their equipment and processes, 
paving the way for broader use.
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ing and operating a continuous processing facility,” says Kh-
inast. “The unpredictability of in-process material behavior 
is tough, since small changes in the formulation can have 
significant effects on the rheology, stickiness, segregation 
tendency, chargeability and other parameters.”

Accurate and consistent feeding is a challenge, along with 
low-rate feeding and containment designs for high potency in-
gredients, agrees Sharon Nowak, business development man-
ager at Coperion K-Tron USA. “High accuracy loss-in-weight 
feeders are at the heart of most continuous processes. As the 
pharmaceutical industry implements these systems, more and 
more robust designs in weighing technologies, loss-in-weight 
feeder controls, modularity in design, and also overall cleanabil-
ity are being demanded,” she explains. Nowak points out that 
the importance of the refill system to the loss-in-weight feeders 
is crucial, but sometimes overlooked, by process designers. “It is 
imperative that the feeder technology and refill system chosen 
are designed to include not only optimal performance, but also 
integrated to ensure the highest accuracy and consistency levels 
in feeder mass flow output,” she cautions. 

“The primary challenge with poorly f lowing powders is 
inconsistent filling of the screw pitch,” adds Sarang Oka, 
process development engineer at Hovione. “Vendors have 
experimented with various agitator and screw geometries 
to improve screw filling, and these have shown promising 
results. Some powders, such as certain grades of silica with 
very low bulk density and substantial electrostatic adhesion 
tendency, however, continue to pose a challenge. Another 
trick in the book is coprocessing the poorly flowing powder 
with a flow aid prior to introducing the powder to a feeder.”

Pretreating the API can be a solution if changing the 
feeder design doesn’t work, says Doug Hausner, senior man-
ager, Continuous Manufacturing Business Development, 
Pharma Services, Thermo Fisher Scientific. “Silication is 
the most prevalent and easiest pretreatment, but there are 
a number of options and companies are coming to market 
with solutions,” he notes. 

Although feeders have been designed to feed low levels of 
APIs, there is a limit. “There is a physical lower limit below 
which signal-to-noise ratios even for the most sophisticated 
load cells becomes too low for effective gravimetric con-
trol, and this handicaps our ability to feed below a certain 
f lowrate,” says Oka. “A management strategy has been to 
preblend (in batch) the ingredient with low weight fraction 
in the formulation with another ingredient, and then feed 
the preblend at the combined, higher feedrate.”

Development, tech transfer, and digital twins
In theory, CM processes should not require scale-up; in-
stead of larger equipment, the line can be run for a longer 
time. CM thus offers the potential for faster development 
and easier tech transfer, but practitioners are still working 
on achieving these benefits.  

Because development is conducted in the same equipment 
and the same scale, there is potential for faster development 

cycles, agrees Santos. He suggests, however, that develop-
ment in CM is currently slowed by a steep learning curve 
at most companies. 

Currently, tech transfer is often conducted between units that 
are similar or identical in size and other characteristics, notes 
Oka. “One can be very confident that experiments performed, 
and results obtained on a standalone loss-in-weight feeder will 
translate well when an identical feeder is used to feed the same 
material in the integrated process train,” says Oka. “The chal-
lenge arises when development is performed on equipment that 
is different from commercial equipment. We still do not have 
correlations that help us transfer process between dissimilar 
pieces of equipment or process trains. Recommended practice for 
organizations who wish to build multiple lines is to develop iden-
tical lines, if there is desire to transfer products between lines.”

Digital twins are proving to be a valuable tool for develop-
ment of continuous processes. These computer models of a 
process allow process developers to run experiments in silico, 
allowing a greater number of experiments to be run more 
quickly and a better process understanding to be developed 
before evaluating process conditions on the actual equipment. 

“People are pushing in the direction of digital twins to limit 
development time, because the software/control is often the rate 
limiting step in getting a system up and running, not the pro-
cess development in a chemistry, manufacturing, and controls 
sense,” says Hausner. Digital twins also allow users to demon-
strate the process on different production lines, such as when 
transferring to a different facility, he notes. 

Running experiments off-line is particularly important 
for CM, because the process of cleaning between products is 
time-consuming. “Tools that help us minimize the use of the rig 
are incredibly important to us [because of the time for cleaning]. 
These tools could be very sophisticated models or simple tools 
based on engineering correlations that predict the performance 
of the product in the rig,” says Oka. 

Digital twins have been commonly used to run in-silico res-
idence time distribution (RTD) experiments, says Oka. “These 
experiments can be done either at the unit operation level or 
at the full process train level. Thorough characterization of the 
RTD enables one to track evolution of disturbance through the 
rig, a crucial element of today’s control schemes. The underlying 
models, if well calibrated, also enable the practitioner to ‘dial-in’ 
and test a desirable RTD.” Other uses of digital twins include 
understanding the impact of material properties and process pa-
rameters on process performance and eventually product quality. 

RCPE’s particle-simulation based approach is a digital twin 
of CM processes, developed in collaboration with pharmaceu-
tical companies and equipment suppliers. “We believe that such 
digital twins are crucial for the future of continuous manufac-
turing, as this technology allows us to better process and visu-
alize real-time data to enhance our ability to predict and control 
the process dynamics,” says Khinast. “Specifically, we can use 
digital twins to monitor and predict critical quality attributes 
and key performance indicators throughout the process line, 
while simultaneously feeding data back to optimize the process 

Manufacturing
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output in terms of quality and yield. … Digital twins have the 
potential to make continuous manufacturing faster, cheaper, 
and less error-prone.” 

Khinast says that RCPE’s digital twin allows development of 
key processes, such as continuous powder blending, based on 
material properties that can be measured with small amounts 
of material. “Because this in silico approach is based on the fun-
damental physics, it is far more efficient, compared to the tradi-
tional trial-and-error approach, when you need to transfer the 
product and process to a different set of equipment,” he explains.

Facility design
Simulations and modeling are also commonly used to iden-
tify bottlenecks and eliminate inefficiency in processes, ex-
plains Dave DiProspero, director of Pharmaceutical Process 
Technology at CRB. “A continuous manufacturer’s success, 
survival, and profitability depends heavily on process effi-
ciency. During the times when equipment is being main-
tained, cleaned, turned over or idle work in progress awaiting 
upstream processes, efficiency is being reduced and profits 
are being lost,” says DiProspero. Modeling can be used to 
find efficiencies in areas such as personnel movement, travel 
distances from operation to warehouse, process loading and 
unloading times, and quality control holds. “Wherever and 
whenever a step in the process can provide for a time reduc-
tion, operational improvements are achieved,” he says. 

Another aspect of facility design is the need for maximizing 
flexibility and capability to handle different products on the 
CM line.  “One of the best practices for modern OSD facility 
design to address flow is to incorporate uniflow operations, 
with minimal path crossing or back tracking,” says DiPros-
pero. “Ideally, process f low should run in a linear motion 
from raw materials in, to final drug product out.  Placing the 
weigh/dispense unit operation close to the warehouse, with 
direct access, and combining unit operations (e.g., granula-
tion/drying and blending/milling) are common today.”

Training and standards
In addition to optimizing the equipment and facilities, man-
ufacturers need to develop the workforce for operating CM 
processes. Such teams are different from those that typically 
support batch solid dose manufacturing, says Santos. “Now 
the skill set should comprise a strong background as well on 
process modeling, automation, and control. PAT is now a 
mandatory role in the teams. The quality teams should either 
adjust themselves to embrace a new paradigm, or new focused 
teams should be put together,” he explains. 

Training is becoming more available, compared to in the 
past when most had to figure things out for themselves, says 
Hausner. The United States Pharmacopeia, for example, is 
offering training and is also considering developing stan-
dards for CM. The International Society for Pharmaceuti-
cal Engineering is also discussing standards as related to 
standard capabilities and connectivity technology to allow 
systems integration, reports Hausner. PT
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P arenteral drug development is comprised of sev-
eral complex, costly, and time-intensive steps 
that are fraught with high levels of risk. Even 
when they take strict precautions, developers face 

a high degree of uncertainty that new drug candidates and 
their packaging will meet endpoint objectives and obtain 
FDA approval (1–5).  

Primary packaging components (i.e., glass and plastic 
vials, bottles, stoppers, aluminum seals, and snap caps) 
must be designed to ensure the long-term integrity of in-
jectable content. In addition, as use of lyophilized formu-
lations increases, so does the need to maintain an inert 
headspace or reduced pressure within the container to aid 
product reconstitution. Primary packaging failure can be 
traced to material composition and conformal defects and 
incompatibilities between the primary package components. 
In some cases, these problems can lead to issues during the 
fill/finish stage. 

To reduce these risks, researchers, developers, and man-
ufacturers are sharing best practices to ensure success. Of 
the utmost importance is ensuring that dimensional con-
formity and tolerances are consistent from one product 
lot to another. As a result, developers and manufacturers 
must perform detailed process validations using multiple 
lots.  To help ensure success, more drug developers and 
manufacturers, particularly smaller, resource-challenged 
biopharmaceutical companies, are partnering with experi-
enced vendors and contract manufacturing and packaging 
companies, and selecting primary packaging components 
that have already demonstrated compatibility.  

Within the past few years, there has been a steady growth 
in the adoption of sterile ready-to-use primary packaging, 
as well as nested components. Working with proven pack-

Julianne Nolasco is research assistant and Tom Miller 
is senior technical representative, both with Lighthouse 
Instruments; Robert Popilock*, Robert.popilock@dwk.
com, is packaging segment manager, and Jay Harkins 
is packaging product manager, both with DWK Pharma.
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Using Gas Headspace Analysis to 
Assess Glass and Nontraditional 
Vial-Closure Integrity
Julianna Nolasco, Robert Popilock, Tom Millner, and Jay Harkins

Increased use of nested and ready-to-use primary 
packaging has resulted in a need for more 
validation data on container-closure integrity. 
This article describes efforts to develop these data 
for new and traditional containers and closures.
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aging designs and materials can eliminate some of the 
pitfalls associated with parenteral drug and packaging de-
velopment, optimizing sterility, efficacy, safety, and phar-
macokinetics, and enabling developers to package prod-
ucts at their maximum tolerated doses.  However, there 
is still a need to optimize the validation process, which is 
complicated by interactions between primary packaging 
components, fill/finish equipment, fill/finish processes, 
visual inspection, and differences in the level of skill and 
competence of individual filling and packaging operators. 

Even though the fill/finish process involves careful 
controls and validation, there may still be variation in 
the process, or in the quality of container closure com-
ponents that impact product quality or integrity.  At this 
point, not all preconfigured primary packaging systems 
are supported by container closure integrity (CCI) data.  
Traditionally, most drug developers and manufacturers 
have used 2-mL, 5-mL, and 10-mL clear and amber Type 
I borosilicate glass for primary packaging. 

More recently, however, driven by the need to prevent 
any impact on the packaging from pH extremes and sur-
face binding, more manufacturers have begun to evaluate 
alternatives to glass. Among the new materials and de-
signs being considered are 2-, 6-, and 10-mL serum vials 
made from surface-treated cyclic olefin (COP) serum vials.

Both glass and non-glass vials are commonly outfitted 
with 13-mm and 20-mm stoppers, including igloo lyo or 
coated material stoppers; flip and tear-off aluminum seals; 
and snap caps. All components are consumed in sterile, 
ready-to-use, and inventory-match configurations that are 
accompanied by certificates of conformity (CoCs) and trace-
ability data, simplifying their use and the integration of data 
into the manufacturer’s quality management system.  

The authors launched headspace leak-detection studies 
to assess the integrity of ready-to-use primary packag-
ing using these types of stoppers to demonstrate system 
compatibility and develop validation data. Lighthouse 
Instruments, an independent company that specializes 
in optical-based, non-destructive headspace analysis 
equipment and services, performed the CCI studies.  
Lighthouse’s FMS (for Frequency Modulation Spectro- 
metry) CO2 equipment and overpressure test vessel were 
used to collect and analyze data. This article summarizes 
test procedures and results. 

Study design
The study was made up of four study groups, with each 
group consisting of four subgroups (A, B, C, D), as shown 
in Figure 1. Groups 1–3 included glass vials from three man-
ufacturing locations and group 4 used COP vials from a sin-
gle manufacturing location. Subgroups were defined based 
on the type of seal used (i.e., whether they were aluminum, 
snap caps, lyo, or coated stoppers).

Manufacturing

Figure 1. Preconfigured container-closure studies: how 
containers and closures were categorized.
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Working with proven 
packaging designs and 
materials can help  
eliminate some parenteral  
drug development pitfalls. 



https://www.nelsonlabs.com
https://sterigenics.com


s36    Pharmaceutical Technology  APIs, EXCIPIENTS, & MANUFACTURING 2020  PharmTech .com

Manufacturing

Vial size  
Each vial was measured for head-
space carbon dioxide levels (T0) prior 
to being placed in a custom designed 
container closure integrity testing 
pressure chamber.  The chamber was 
sealed, using a vacuum of approxi-
mately 100 torr, to isolate it from 
ambient atmosphere.  The vacuum 
valve was then closed, and the fill 
valve connected to the carbon diox-
ide tank was opened to release car-
bon dioxide into the chamber until 
it reached atmospheric pressure.  
The chamber was then evacuated 
once more to a total pressure of 100 
torr, and refilled to a total pressure 
of 1500 torr of carbon dioxide.  All 
valves were closed, and the vials were 
left in this state for 30 minutes. After 
30 minutes, the overpressure was re-
leased through the vent valve and the 
headspace of all samples and control 
vials was measured again (T1).  This 
design would ensure that any leaking 

containers would show an increase 
in the total headspace carbon diox-
ide concentration.

The headspace carbon dioxide 
measurements were taken using a val-
idated Lighthouse Instruments FMS 
Carbon Dioxide analyzer. The system 
was calibrated using the National In-
stitute of Standards and Technologies 
(NIST) traceable gas standards (6) 
and verified by measuring a set of ref-
erence standards containing a known 
concentration of carbon dioxide.  

Methodology
The FMS Carbon Dioxide analyzer 
(whose mode of operation is sketched 
in Figure 2) employs table diode laser 
absorption spectroscopy (TDLAS) to 
provide rapid and non-invasive gas 
analysis of the headspace within sealed 
containers.

The FMS-Carbon Dioxide Head-
space Analyzer operates on the prin-
ciples of frequency modulation spec-
troscopy (FMS) employing a diode 
laser that has been tuned to match a 
specific transition energy of the car-
bon dioxide molecule. 

Figure 2. Schematic overview of the measurement technique. The area and 
width of the FMS absorption signal can be used to determine physical 
parameters of the headspace of a container, including gas number density and 
total pressure. FMS is frequency modulation spectrometry.

Figure 3. FMS spectra from carbon dioxide absorption obtained from a standard 
set fabricated at 725 torr total pressure.  The standards were filled with certified 
gas mixtures containing the stated amount of carbon dioxide. The area 
underneath the FMS absorption signal is linearly proportional to the carbon 
dioxide number density. FMS is frequency modulated spectrometry.
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During measurement, the laser 
frequency is repeatedly scanned over 
the absorption feature and successive 
scans are averaged to improve the sig-
nal to noise ratio.  As can be seen from 
the traces depicted in Figure 3, the av-
eraged intensity of the FMS absorption 
signal is proportional to the headspace 
carbon dioxide number density.

Results
In summary, all vials from the 26-vial 
configurations measured low levels 
(<2 torr) of headspace carbon dioxide 
content consistent with atmospheric 
conditions at the T0 timepoint. At the 
T1 timepoint, all intact vials measured 
low levels (<2 torr) and showed no 
measurable increase from the T0 time-
point.  The positive controls, showed 
a large increase to 575 torr headspace 
carbon dioxide at the T1 timepoint, 
confirming the method is capable of 
detecting defective vials stored in a 
carbon-dioxide enriched environment. 

It must be recognized that this 
analysis was not performed in an ac-
tive fill/finish operation and, as such, 
the results of this study ref lect a con-
trolled analysis for the determination 
of component effectiveness when used 
as a system. Nevertheless, these tests 
demonstrate the importance of select-
ing compatible primary packaging 
components, and performing careful 
process evaluations using select fill/
finish methodologies.  
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of the starting material mitigates the risk of short-
age. Moreover, there can be logistical problems when it 
comes to moving and exporting products that are of an-
imal origin. The ability to control all aspects of the sup-
ply chain means that it is possible to proactively manage  
these challenges.

Sustainability standards
PharmTech: As sustainability issues and the environment are 
more prominent today than ever before, what measures can 
be taken by ingredients manufacturers to be ‘greener’?

Reguant (Bioiberica): As pharmaceutical manufacturers, 
along with every other company, look to be more sustain-
able, it’s key that they consider increased traceability ca-
pabilities as this allows them to ensure the necessary sus-
tainability standards are met at each stage, including the 
collection of source materials.

For manufacturers looking to use animal-derived APIs, 
it’s understandable that there may be concerns around sus-
tainability—particularly as high numbers of animals are 
necessary for their production. However, this is where verti-
cal integration can make a difference, as it is the foundation 
of a truly circular bioeconomy. If you think about it a bit 
like a biorefinery—in the same way that petroleum refiner-
ies extract a range of products, such as liquid and gaseous 
fuels, tars, monomers for plastics, from crude oil—all of the 
animal matter used in animal-derived APIs are by-products 
of animals used in the manufacture of food. The aim is to 
utilize as much of the tissue as possible, which otherwise 
would have gone to waste, to create a useful and beneficial 
end ingredient.

Pandemic disruptions
PharmTech: What specific disruptions (if any) have you wit-
nessed in the supply chain of APIs and ingredients for phar-
maceuticals as a result of COVID-19? How can companies 
learn from the current global pandemic in terms of supply 
chain security, in your opinion?

Reguant (Bioiberica): COVID-19 has demonstrated the 
European Union’s, and other global regions, dependency 
on APIs and intermediates imported from other countries, 
highlighting concerns around possible drug shortages in the 
future. With animal-derived APIs, you need large volumes 
of starting materials to obtain the final ingredient, so—like 
any industry—there are potential risks in the face of sig-
nificant disruption. The solution is to promote f lexibility, 
diversity, and collection from countries worldwide, while 
also maintaining strict, traceable quality and supply chain 
models. There are plenty of industries, beyond our own, that 
could benefit from this model. 

Providing people with medicine is an essential service—
one that wouldn’t be possible without the manufacture of 
APIs. Like all businesses at this time, API manufacturers 

have taken the necessary steps to support and honor com-
mitments to customers. 

Important trends
PharmTech: Are there any trends that you perceive will be 
important in supply chain security of APIs and pharma in-
gredients for the coming decade?

Reguant (Bioiberica): As mentioned, recent events have put 
increased focus on the need for diversity in source material, 
whilst also maintaining strict controls and standards across 
the board. I believe that there will be a continued increase 
in focus on source material diversity as a result of the pan-
demic. To secure the supply chain of animal-derived APIs, 
diversification is a must.

From a regulatory perspective, more f lexibility is ex-
pected in implementing post-approval changes in the future 
when the [International Council for Harmonization] ICH 
Q12 Guideline on Technical and Regulatory Considerations 
for Pharmaceutical Product Lifecycle Management comes 
into force (4). It remains to be seen, however, whether the 
implementation of ICH Q12 will reduce time burdens and 
costs for regulatory authorities and the pharmaceutical in-
dustry that will have a positive impact on the supply chain.
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