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Introduction
Early phase clinical studies are typically less complex than late phase 
studies, but they lay the groundwork for a successful program as 
the molecule progresses toward commercialization. This article 
explores how to prepare for increasingly complex clinical trials, as 
well as highlights how integrated solutions providers can streamline 
operations and ensure a smooth transition from Phase 1 to Phase 2. 

CMC Aspect of the Supply Chain
The integrated drug development approach—where drug substance, 
drug product, clinical supply, and packaging development activities 
overlap and are handled in tandem by a single, integrated team—has 
numerous benefits to sponsors from pre-clinical stages through  
to commercialization:
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PLANNING AHEAD: USING PHASE 1 TO ANTICIPATE PHASE 2 CLINICAL SUPPLY CHALLENGES AND SOLUTIONS

	• Faster development timelines
	• Better knowledge transfer using robust 

internal systems that are aligned to 
share data and avoid rework

	• Reduced time burden thanks to one 
point-of-contact project management 

Integrated drug development can start 
with candidate screening and solid-state 
screening and characterization, and move 
into formulation development (e.g., pre-
formulation testing, formulation screening, 
toxicology assessments, and dosage form 
development). At this point, an experienced 
integrated services provider can start 

layering in support on the packaging side for 
clinical supply.

As the program progresses, FIGURE 1 
highlights how critical packaging design 
work can be completed in parallel with 
product development using the same service 
provider. For instance, in parallel with scale-
up activities, packaging experts can work 
on comparator sourcing for clinical trials—a 
critical activity that can threaten to delay a 
program if it is not done properly and at the 
right time.

There are clear advantages to having both 
CMC and clinical supply teams working 
together earlier to achieve success for the 
program. When pharmaceutical scientists 
are isolated from clinical supply services 
associates, or when clinical supply is 
only considered after the drug product is 
manufactured, it can lead to delays and 

FIGURE 1: Integrated drug development.
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inefficiencies. The opposite is true of an 
integrated drug development approach.

Moreover, communication between the 
manufacturing and packaging teams and the 
teams suppling the drug product is critical 
to reducing the risk of breakdowns in the 
supply chain and unavailable or out-of-stock 
drug product (resulting in better inventory 
management), as well as optimizing  
problem solving.

Early versus Later Phase Work
With the goals and budgets for early and late 
stage development being very different, how 
can companies best use Phase 1 to prepare 
for Phase 2 and beyond?

What follows are several examples of the 
differences between early and late phase work:

	• In early-stage development, toxicology-
related information for safety 
assessment is limited. In later stages, 
the mechanism of action is defined, and 
safety data becomes available for better 
informing handling requirements. 

	• In terms of the active pharmaceutical 
ingredient (API), suitable polymorphs 
and salt forms are investigated in the 
early stages, whereas in later stages the 
manufacturing process for the desired 
polymorph or salt form of API is well 
defined and controlled. 

	• Dosage forms for early phase studies 
are often selected for expediency in 
getting the materials to clinical study 
sites. For this reason, powder in bottle, 

liquid in bottle, and powder in capsule 
might be chosen. Meanwhile, in later 
stages, the dosage form is designed for 
patient compliance, manufacturability, 
and cost-effectiveness.

	• From a process perspective, a wide 
range of dose strengths are explored 
in early phase studies, and thus there 
will not be a product-dedicated process 
train. By late phase, dose strengths are 
well-defined and can be made with a 
large-scale multiproduct process train. 

	• In early stages, test methods are 
qualified as suitable for their intended 
use, whereas in later stages, and 
certainly at the time of the NDA 
submission, these methods should be 
fully validated.

	• Lastly, in early phase studies, typically 
just one or two scientists have all the 
institutional knowledge. Sponsorship 
of the molecule might change hands, so 
it is therefore important to have good 
documentation early on. In later phases, 
there is a well-studied design space, 
risk assessments, and the development 
history to reference and build upon.

Of all these areas, there are three important 
considerations for Phase 1 that could make 
a significant positive impact on later phase 
work. First, understand the API. Make sure to 
obtain a professional toxicology assessment 
for safety; determine the DCS (developability 
classification system) classification to help 
guide whether bioavailability enhancement 
techniques will be needed; and identify 
critical material attributes through solubility/

PLANNING AHEAD: USING PHASE 1 TO ANTICIPATE PHASE 2 CLINICAL SUPPLY CHALLENGES AND SOLUTIONS
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stability testing, physical characterization, 
and forced degradation studies.

Second, formulate for the future by 
performing excipient compatibility testing 
and developing a formulation that is easily 
scaled up. For instance, if time and resources 
permit, consider developing a formulated 
capsule or tablet that will allow you to 
seamlessly scale from several thousand 
units to tens of thousands of units as your 
program needs.

Lastly, for analytical method development, 
start by reviewing and utilizing the critical 
material attributes collected previously, 
this will help you save time and conserve 
API. When developing early phase methods 
consider method “qualification” rather than 
full method “validation.” Qualifications 
keep the method parameters more flexible 
and validation can and will be performed 

when the process and product are better 
defined. With that in mind, document 
any shortcomings of the method not 
covered during method development and 
qualification. Be sure to communicate and 
account for these gaps when looking to 
validate, which will help the follow-on  
teams fine-tune method validation. The 
availability of this documentation also 
contributes to the easier preparation of 
phase-appropriate regulatory submissions 
(CMC) documentation. 

The optimized integrated team structure 
and efficient internal processes allow for 
rapid and efficient transfer of programs 
and adherence to shortened timelines. 
This strategic mindset starting in early 
development also conserves API, helps 
reduce risk, creates efficient knowledge 
transfer, provides holistic teamwork, and 
avoids rework (FIGURE 2).

FIGURE 2: Benefits of integrated drug development.
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Integrated Packaging Services  
Create Efficiency
Formulation development can benefit from 
packaging solutions being designed in 
parallel. For instance, a partner that can offer 
formulation development, manufacturing, 
and packaging/labeling expertise can bring 
the right experts together to design the best 
container closure system for a product. This 
might be particularly helpful for protecting 
moisture-sensitive APIs with a protective 
blister component or adding a coating step (if 
feasible). Likewise, this approach can ensure 
ease of dosing with pediatric formulations such 
as using stick-pack technology, for instance. 

By using a partner that offers these 
integrated supply chain and packaging 
services, the overall time burden can be 
significantly reduced (FIGURE 3). For example, 
with one development partner, only one 

contract and quality agreement needs to be 
negotiated for all services rather than many 
contracts and quality agreements that are 
necessary to do business with many vendors. 
This connects with another advantage: 
seamlessly sharing safety information within 
one development partner, rather than 
providing the same information to many 
partners, also helps to reduce bottlenecks. 

Additional efficiency elements built 
into an integrated supply chain include 
packaging and shipping under quarantine 
and leveraging the ability to perform some 
parallel processing. Instead of waiting for 
those analytical results to be available 
before starting the packaging operation, the 
integrated approach saves time by being 
able to package materials while some of the 
analytical release testing and certificate of 
analysis is completed and generated.

FIGURE 3: Accelerate timelines and reduce risk with an integrated early-to-late 
solution.
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Other advantages to this integration involve 
labeling and kitting activities. In Phase 1,  
packaging and labeling for open-label 
studies is straightforward. As clinical studies 
progress through to later phases and the 
number of study sites and subjects grows, 
the volume of packaging activities also 
increases as does the complexity of labeling 
and kitting. Leveraging a single integrated 
services partner that offers packaging, 
labeling and kitting support can pay off in 
later stages. Some examples of the synergies 
in later clinical phases include developing 
multi-language booklet labels, implementing 
country-specific labeling requirements, 
creating kits for multiple treatment arms, 
comparator sourcing and blinding.

Real-world examples
A customer required a small quantity of drug 
product to be primary packaged and labeled 
to support an early phase trial. In this instance, 
the packaging activities could be performed 
at the manufacturing site, but the labeling 
requirements were complex. The drug product 
manufacturing team reached out to their 
clinical supply colleagues to assist in the label 
design and printing. Labels were then shipped 
to the contract manufacturer for application. 

Because the clinical manufacturing team 
was able to leverage their integrated clinical 
supply team, the label design and printing 
activities were completed in time to meet 
the customer and clinical timeline. 

In another example, formulation 
development and clinical manufacturing 

needed to be done on an extremely 
compressed timeline with some complexities 
in the supply chain. The customer also 
needed to file some regulatory documents 
in parallel with the formulation development 
activities. This posed some challenges with 
the importation of the API and subsequent 
conversion to drug product. 

In addition, the supply chain for the drug 
product was complex and required a 
third-party depot to support some of the 
distribution activities. Thus, project managers 
for manufacturing and clinical supply were 
engaged from the very start of the project. 
Time was of the essence and nothing could 
be spared due to the complexities of working 
across different suppliers. Because project 
managers were working efficiently and 
engaged in the planning, the final finished 
product was released and shipped to the 
clinical site to meet the important clinical 
milestone of first patient initiation.

Summary
Though packaging, labeling, distribution, 
and resupply are at the very end of drug 
development and clinical supply chain 
process flow, considering these elements 
and planning for them early on in the project 
plan is essential for success. Experience 
has shown that communication between 
teams throughout the process is incredibly 
important. Engaging early and often with 
the right subject matter experts within the 
organization can help a sponsor evaluate a 
wide range of solutions for clinical supply 
concerns. For the sponsor, this integrated 
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approach coupled with dedicated project 
managers reduces the overall number of 
people involved in the project and improves 
overall collaboration and communication, 
resulting in less complex and more 
streamlined supply chain.

Ann McMahon
General Manager, Commercial and Integrated 
Development Operations 
Catalent

Matthew Rota
Commercial Operations Manager 
Catalent
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Increasingly challenging and complex molecules entering 
the development pipeline are changing the way formulation 
development is approached. Furthermore, time and cost are 
considered to be at a premium, and demand for products to be 

commercially viable in the shortest time possible within a limited 
budget is ever more apparent.

According to market research, formulation is a key opportunity in 
drug development as formulation issues or challenges can readily 
lead to project failure or significant delays (1). “New molecule 
formats and extreme concentrations demand tailored formulation 
strategies instead of platform approaches now,” explains Andrea 
Hawe, co-founder and chief scientific officer of Coriolis Pharma.

Challenging Compounds, Enabling Technologies
“The biggest trends that have been observed in formulation 
strategies over the past few years are that pharma companies 

Unique Molecules Push  
Formulation Boundaries
Felicity Thomas
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are more open to complex technologies 
to address pipeline issues,” notes Jim 
Jingjun Huang, founder and CEO, Ascendia 
Pharmaceuticals. “Additionally, the increasing 
application of enabling technologies for 
use in challenging compounds, such as BCS 
[Biopharmaceutics Classification System] II 
and IV, is trending.”

This latter point, on challenging compounds, 
is of utmost importance for Sanjay 
Konagurthu, senior director, science and 
innovation, Pharma Services, Thermo Fisher 
Scientific. “Small molecules are still the 
largest segment of drug development in the 
industry. Oral and injectables dominate the 
pharmaceutical pipelines,” he adds. “In terms 
of oral drug delivery, it is currently estimated 
that 70–90% of small molecules in the 
pipelines have solubility and bioavailability 
challenges. This number has doubled 
compared to over 10 years ago.”

As a result of these solubility and 
bioavailability difficulties, conventional 
formulation approaches do not necessarily 
suffice, Konagurthu continues. “Depending 
on the physicochemical properties of the 
drug molecule, appropriate technologies 
and formulation strategies will have to be 
identified and evaluated,” he says.

For Hawe, the majority of trends that 
have been seen by industry in the area of 
formulation strategies has resulted from the 
increased diversity of biopharmaceutical 
molecules. “While monoclonal antibodies 
are still important, new formats—such as 

artificial peptides, fusion molecules, antibody 
fragments or bi/tri-specific antibodies—
require new formulation concepts and novel 
analytical approaches,” she asserts. “This 
holds true also for advance therapy medicinal 
products (ATMPs), such as viral vectors for 
gene therapy or cell-based products, which 
are emerging rapidly, and where a lot of 
movement in the years to come is expected.”

Additionally, Hawe emphasizes that there 
is a trend toward high-concentration 
protein products, even beyond 200 mg/
mL, of late, which has been sparked by the 
rising use of autoinjectors for subcutaneous 
self-administration and intravitreal 
administration. “For such products, 
formulation development needs to focus on 
viscosity and aggregation, next to chemical 
and conformational stability,” she says. 
“On the contrary, products that require 
ultra-low concentration formulations, for 
example bispecific T-cell engager, are also 
being developed. Here, surfaces adsorption 
and the development of suitable analytical 
methods are the challenges that formulation 
scientists must deal with.”

As a result of molecular and route-of-
administration demands, project-specific 
approaches are now required, and for Hawe, 
these approaches should be based on 
existing, FDA-approved generally recognized 
as safe excipients, as there is a clear 
hesitancy by the pharma community to use 
novel excipients. “The analytical methods 
need to be developed so that they preferably 
measure the sample as-is,” she notes. “Thus, 

UNIQUE MOLECULES PUSH FORMULATION BOUNDARIES
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it is good to see a constantly increasing 
analytical portfolio including new submicron 
and micron particle characterization 
techniques and multi-attribute mass 
spectrometry methods.”

Considerations and Practical Tips
Both clinical and business objectives are 
important to consider when evaluating the 
most appropriate formulation strategy, 
according to Konagurthu. “Once the 
clinical and business objectives have 
been established, however, it is important 
to identify the quality target product 
profile (QTPP) of the drug and a phase-
appropriate strategy that can accelerate drug 
development,” he says. “Special focus on 
performance, manufacturability, and stability 
is of course ultimately required for a drug to 
be commercially viable.”

The most appropriate formulation strategy 
will vary depending on each specific 
situation, emphasizes Hawe. By way of 
example, she specifies situations where there 
may be a small amount of material available 
or where the product is in preclinical trials, 
for which, she explains, it could be useful 
to develop a first reasonably stable, but not 
yet fully optimized formulation. “At later 
stages, when more material is available, but 
timelines are more aggressive, the strategy 
can include a parallel development of liquid 
and lyophilized formulations, for example,” 
she says.

When the project is in the early phase, 
the probability of success to test in first-

in-human or first-in-patient is the most 
important consideration for evaluating 
formulation strategy, stresses Huang. “Once 
the project has successfully transitioned 
to the market formulation development 
(Phase IIb/III), then market acceptability or 
commercial aspect, scalability, intellectual 
property protection, and cost all become 
equally important,” he adds.

In terms of practical tips for developing 
a formulation strategy, Hawe highlights 
the importance of a reasonable chemistry, 
manufacturing, and controls (CMC) 
formulation development package early on 
in development. “Approaching clinical trials 
with a suboptimal formulation and facing 
stability issues or other challenges in later 
stages is, in the end, more time consuming 
and expensive,” she states.

For Huang, “following the science” when 
developing a formulation strategy is a 
requisite for a successful development 
program. “A rational design of tox and 
human formulations for the precious 
ingredients is critical to ensure a successful 
proof of concept in humans,” he says. 
“The key aspects for successful tox and 
early-phase formulation development 
consist of preformulation of the drug 
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candidate, biopharmaceutical evaluation, 
analytical method development, 
formulation development, and [current 
good manufacturing practice] CGMP 
manufacturing for clinical trials.”

“Each drug molecule is unique, and it is 
critical to understand the physicochemical 
properties of the API and interactions 
with various excipients that are used in 
formulations,” asserts Konagurthu. “Also, 
excipients are not always inert and an 
understanding of how they might impact 
physiological targets should be considered. 
Building expertise and internal knowledge 
databases can be used to build predictive 
formulation tools.”

Hurdles and Common Mistakes
A major hurdle in developing the best 
formulation strategy, in Hawe’s opinion, 
is the compromise between being as fast 
as possible to the clinic and performing 
sufficient studies so that a high quality and 
stable product is developed. “Oftentimes, 
customers approach partner companies too 
late or with unrealistic timelines for full-scale 
formulation development but we then aim to 
find a satisfying middle ground,” she says.

Time and cost are also considered to be 
major issues for Huang, who comments that 
it is common for contract development and 
manufacturing organizations (CDMOs) to 
be expected to provide proof-of-concept 
for a customer’s compound from preclinical 
to in-human trials as quickly as possible 
and for a limited budget. “Therefore, it is 

important to come up with very efficient 
formulation strategies to meet these 
demands,” he adds. “In some cases, for very 
challenging compounds, it is possible to 
encounter a choice between developing the 
best formulation and being able to meet the 
budget and time demands.”

Moreover, there are hurdles to overcome 
in terms of the characteristics of drug 
molecules. “Some drug molecules can be 
very labile and, as a result, can provide 
significant chemical and physical stability 
challenges to the formulator,” continues 
Konagurthu. “Constraints on dose, drug 
loading in the dosage form, size, and weight 
can also present challenges.”

However, oftentimes companies do not allocate 
sufficient time and resources to developing an 
optimal formulation strategy for challenging 
compounds, stresses Huang. “The main goal 
for early-phase development is to test the 
compound’s safety and efficacy for the intended 
therapeutic indications in animal and humans,” 
he says. “Tremendous efforts need to be placed 
in improving the pharmacokinetic properties 
of compounds and ensuring bioavailability in 
animal models and human Phase I and II studies. 
A desired compound’s systemic exposure in 
testing subjects is prerequisite to meet the 
goals of early development. Otherwise, the 
drug program could be at a higher risk of costly 
failure in first-in-human and at later stages  
of development.”

Konagurthu also emphasizes that significant 
delays in timelines and overuse of critical 
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resources can result when companies employ 
an empirical trial-and-error approach toward 
formulation, process development, and scale-
up. “Lack of a thorough understanding of 
the in-vitro and in-vivo performance, process 
design space, and stability can lead to delays 
and program re-starts,” he explains. “Having 
an in-depth understanding of performance, 
manufacturability, and stability is important 
at all stages of product development and 
eventual commercial launch.”

In Hawe’s experience, there are three 
common mistakes that are made when 
developing a formulation strategy. “First, 
using excipients that are not FDA-approved 
and are not available in the required 
pharmaceutical quality. This can easily be 
omitted but happens surprisingly often,” she 
says. “Second, not considering the target 
product profile (TPP) and the requirement 
for a later manufacturing when starting 
formulation development. Third, skipping 
certain analytical methods and with it being 
blind for certain instabilities. Sometimes 
orthogonal approaches might seem like an 
overinvestment, but each technology has 
its blind spots and we need orthogonality to 
compensate for that.”

Technological Advancements and 
Trends
Although there may not be a single, magical 
technology that can make formulation 
development both quick and easy, 
Hawe notes that there are many small 
improvements that, in combination, can 
facilitate the process. “The application of 

artificial intelligence (AI) and improved 
statistical methods, for example, may reduce 
the number of experiments; better method 
automation/throughput and lower sample 
consumption will deliver more insights in 
less time or with less material; and advanced 
scientific understanding will improve 
decision making and reduce failures,”  
she says.

Technologies that enhance the solubility 
and permeability of drug candidates are 
important in the facilitation of formulation 
design for Huang. Optimization of 
solubility and bioavailability is achievable 
through using suitable delivery systems by 
screening a set of technology platforms that 
address different compound challenges in 
hydrophilicity, lipophilicity, permeability, and 
melting point, he explains.

“The use of predictive models can provide 
insights into formulation and technology 
selection based on the API’s physicochemical 
properties,” Konagurthu adds. “Use of a 
comprehensive material property database 
facilitates the development of predictive 
models that serve to guide formulation 
development. Advanced techniques such as 

UNIQUE MOLECULES PUSH FORMULATION BOUNDARIES
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compaction simulation can guide a rational, 
material-sparing formulation strategy.”

Additionally, when using predictive models, 
such as thermodynamics, discrete element 
method, or computational fluid dynamics 
for process development, it is possible 
to gain valuable insights into formulation 
design, Konagurthu continues. “Accelerated 
stability assessment programs can rapidly 
guide excipient selection in formulations 
and packaging design,” he says. “Use of 
physiologically based pharmacokinetic 
models to understand in-vivo performance 
can also aid in guiding formulation strategies 
(e.g., modified/controlled release).”

Moreover, Hawe believes that predictive 
methods, along with prior-art experience, will 
become ever more important for formulation 
development. “New and better predictive 
indicators, for example, for protein stability 
as well as base formulation development, 
will lay the foundation of future formulation 
strategies,” she states. “On top of that, data 
science in combination with AI will allow the 
required experiment to be narrowed down 
and to focus on the formulation corridor. 
While the development strategy will still be 
tailored to the specific product and situation, 
I expect development programs to become 
more efficient.”

An emerging trend that has the potential to 
help companies with the increasing pressures 
on quality, pricing, and productivity, is in the 
form of continuous manufacturing, remarks 
Konagurthu. “Continuous manufacturing 

can deliver higher quality oral solid-dose 
products, with greater flexibility and a 
reduced total cost of supply,” he says. 
“Formulation strategies for continuous 
manufacturing will require adopting a 
materials science-based approach.”

Benefits of Partnerships
Outsourcing partners should play a crucial 
and integral role in formulation strategy, 
notes Huang. A partner can provide expertise 
in CMC, technology, and regulatory affairs, 
or can act as a traditional pharmaceutical 
R&D department for the sponsor company, 
he states.

“A knowledgeable CDMO partner can help 
bolster product knowledge throughout 
all phases of a program lifecycle,” adds 
Konagurthu. “A CDMO with hands-on 
experience with a host of compounds and 
formulations can help build quality-by-
design (QbD) into a product, as they will have 
deep knowledge to draw on for addressing 
problems that arise during development.”

Application of QbD principles early on 
in development, along with predictive 
models and risk assessment tools, are 
useful in mapping the design space for the 
formulation and processes, and ultimately, 
developing commercially viable formulations 
and processes, Konagurthu notes.

“The biggest benefit of having a specialist 
partner for formulation development is the 
experience and scientific knowledge that 
can be applied to the benefit of our clients,” 
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Hawe summarizes. “However, formulation 
development is not just a strategy. Specialized 
analytics, dedicated methods, and excellent 
scientists to run them are all required and are 
assets an experienced partner can provide.”
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Research investment in the global biopharmaceutical market 
helps to drive innovation and development of novel 
therapeutic products to treat many diseases and illnesses. 
According to recent figures highlighted by the International 

Federation of Pharmaceutical Manufacturers and Associations, there 
are currently more than 8000 compounds in development around 
the world (1).

“A recent market report has shown that there was an influx of new 
products in the pipeline at all stages of clinical development during 
the 2020/2021 period (2), especially of early-stage clinical products,” 
notes William Chin, manager, global scientific affairs, Catalent, citing 
recent research studies. “Moreover, cancer, infectious diseases, and 
diseases of the central nervous system came up as the top areas of 
clinical trial activity last year. The number of people suffering from 
these chronic conditions is expected to rise as population growth is 
anticipated in many developing countries (3). The development of 

Putting the Patient at the Heart of 
Dosage Form Design
Felicity Thomas

Dosage form 
priorities are 
shifting to 
focus on user-
friendliness, 
leading 
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partners earlier 
in development 
timelines.
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complex dosage forms is also expected to 
grow in parallel to increased diversity in the 
drug pipeline.”

Key Trends
Over the past five to 10 years, the low water 
solubility of new molecular entities (NMEs) 
has been a major drug product development 
challenge, emphasizes Julien Lamps, 
product manager, Lonza Capsules and 
Health Ingredients. “Knowing the solubility 
performance attributes for the compound 
is important as it will aid selecting the right 
dosage technology,” he says.

“There have been numerous developments 
and innovations in drug delivery over the 
last few years to overcome challenges with 
products and formulations, such as biologics 
and complex entities like larger molecules,” 
adds Jnanadeva Bhat, head—formulation 
R&D (Pharma and Nutra), ACG Group. 
“Other trends that have evolved are prefilled 
syringes, wearable injectors, and needleless 
syringes, each of which have a niche market.”

Considering the route of delivery, Chin states 
that injectable dosage forms are dominant in 
the development pipeline. “The intravenous 
route [is] seen to offer more advantages in 
early-stage studies as a means to quickly 

deliver the desired concentration of drug 
to the target via systemic circulation, and 
to achieve the required pharmacological 
response,” he confirms. “However, simply 
having injectables may no longer be 
sufficient anymore because of the growing 
demand for more patient-friendly formats, 
such as oral solid dosage (OSD) forms.”

Bhat concurs that even though the sector 
for specialty products has witnessed 
growth, OSD forms have remained steady 
throughout the past decade. “There is 
demand for continuous innovation to 
improve efficacy, efficiency, and competence 
in [oral solid] dosage forms,” he says. 
“Developing novel and more efficient oral 
delivery routes also helps brands reach 
a larger audience. Thus, development 
scientists prioritize OSD forms because not 
only are they key to patient compliance, but 
they also have broad application.”

The growing demand for OSD forms has 
driven innovators to focus on patient-
centricity early on in development, Chin 
continues. “This [trend] is especially true 
in the past year, where there has been 
an expectation to increase both the 
convenience of use and the therapeutic 
efficacy of the drug product, as well as ease 
of deployment without the need for cold-
chain considerations, especially given the 
current focus on oral COVID-19 vaccine 
development,” he states.

“In biologics and small molecules, the trend 
shifted towards patient centricity,” adds 
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Tatiana Nanda, director and program leader, 
The Center for Breakthrough Medicines. 
“Historically, the sole focus for drug product 
development was effective treatment of the 
disease while now additional emphasis is 
put on patient experience and quality of life 
during treatment.”

Focusing Priorities
“As innovators are focusing more on 
solutions that allow them to develop patient-
centric drug products, the priorities of drug 
development are expected to not only 
demonstrate clinical efficacy and safety in 
patients, but also to address key challenges 
such as improving usability, bioavailability, 
stability, and palatability, while eliminating 
any variability due to food effects,” confirms 
Chin. As a result of this shift in priorities, 
advanced dosage forms, such as modified-
release products, multiparticulates, ODTs, 
or new fixed-dose combinations, are 
increasingly in demand, he adds.

Dosage form priorities have certainly 
been adjusted, Lamps specifies, with the 
deployment of common strategies and 
platforms that help to enhance drug oral 
bioavailability, such as cosolvents, salts, 
surfactants, particle size reductions, 
polymorphs, lipid-based systems, amorphous 
solid dispersions, and so on. “Additionally, it 
is becoming a best practice to evaluate the 
end dosage form earlier in the development 
cycle,” he adds.

“Drug product design is more focused on 
meeting patient-centric target profiles and 

has become the goal for drug companies,” 
agrees Nanda. “Previously drug product 
profiles were a derivative of what upstream/
downstream capabilities allowed. Now the 
selected profile and dosage form drive the 
required API process, needed concentration, 
and purity.”

The priorities of pharmaceutical companies 
have shifted as a result of the drive 
toward patient centricity, Bhat concurs, 
with manufacturers seeking the most 
patient-friendly form that supports 
maximum therapeutic efficacy and safety 
of the formulation. “Regulatory bodies also 
encourage patient-centric dosage forms, 
which fuels this new focus,” he says.

Additionally, the change of priorities for 
development have led to the integration 
of patient-centric design early on in the 
development cycle, Bhat continues. “The 
physicochemical properties of an API usually 
point the formulator to the most suitable route 
of administration, as well as dosage form. 
The solubility of APIs specifies approaches 
for dose selection, excipient selection, and 
stability of the final product,” he says. “Bigger 
challenges are observed for larger molecule 
oral absorption, which need to be addressed 
adequately by formulation scientist.”

Discussions between innovators and 
contract development and manufacturing 
organizations (CDMOs) on dosage 
form design are taking place relatively 
early on now, Chin states. Furthermore, 
manufacturability of the dosage form is 
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being addressed earlier on by innovators, 
which is an aspect that has received less 
attention historically speaking, he notes. 
“Innovators have recognized that a druggable 
molecule alone does not automatically 
imply successful commercialization of a 
pharmaceutical drug product, but that there 
is also a need at an early stage to establish all 
other key considerations that will meet the 
target product profile covering patient and 
manufacturing requirements,” Chin says.

Taking patient opinions and assessments 
of dosage forms into consideration during 
design and development can also help 
to create user-friendly products, Bhat 
highlights. As patient-centricity is becoming 
more prominent, so too are tailored dosage 
forms, which directs the industry away 
from a one-size-fits-all approach in terms of 
dosage forms, he explains. “With this trend, 
dosage forms will perform more effectively 
for individuals, and this is shifting pharma 
R&D towards new pathways,” Bhat says.

Important Innovations
For Bhat, some of the most important 
innovations in drug dosage forms have 
been seen in the area of inhalation. “Local 
inhalation administration delivers sufficient 
levels of drug to the target organ, the lungs, 
while minimizing systemic exposure and 
side effects (primarily due to the reduced 
drug dose needed as compared to oral 
administration),” he says.

“Additionally, there is mounting interest in 
the inhalation segment, where conventional 

molecules are converted into inhalation 
formulations,” Bhat continues. “In this area, 
dry powder inhalation formulations via 
hard capsules is a trend formulators and 
manufacturers are showing great interest in. 
Capsules are not only robust and easy to use, 
but also help with effective delivery through 
the inhalation devices.”

Capsule-based dry powder inhalation (cDPI) 
formulations offer an affordable option that 
incorporate characteristics—such as reduced 
dosing frequency and side effects—and easy 
administration, which are preferable for 
patients, Bhat asserts. “The most impressive 
developments taking place in this field go 
beyond conventional respiratory therapeutic 
segments,” he says. “Many leaders are 
exploring cDPI for other therapeutic segments 
like Parkinson’s disease, migraine, tuberculosis, 
cystic fibrosis, and lung infection.”

Techniques, such as particle size reduction, 
spray-dried dispersions, and lipid-based 
formulation platforms, have helped 
overcome solubility-related issues, Lamps 
states. Additionally, as the techniques are 
complementary, they are applicable to a 
broad compound space, he says.

For large molecules, being able to reach high 
protein concentration and co-formulating with 
dispersion enhancers, such as hyaluronidase, 
has been a significant advancement, reveals 
Nanda. “[This innovation] allowed delivery of a 
high volume—up to 20 mL—of drug product as 
a single injection into subcutaneous space,”  
she stresses.
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However, it is also important to consider 
innovation from the perspective of 
manufacturing, rather than just on new 
technologies that are centered on the 
discovery and development path, Chin 
emphasizes. “For example, one of our core 
expertises is in manufacturing softgel dosage 
forms for both immediate- and modified-
release applications. The typical development 
option for a modified-release softgel is 
through the formulation of the fill content 
followed by the coating of the capsules,” he 
says. By using a proprietary modified-release 
softgel capsule, which combines pectin and 
gelatin, a separate capsule coating step can 
be avoided, Chin adds.

“The capsule technology allows innovators 
to design the delayed-release profile to be 
incorporated directly into the softgel capsule 
shell, thereby making a separate capsule 
coating step unnecessary,” Chin continues. 
“This [innovation] reduces manufacturing time 
and yield loss and eliminates potential quality 
issues associated with coated softgels.”

Market Drivers
“An important driver that could steer the 
dosage form market is the increasing 

demand for solutions that could overcome 
cold supply chain bottleneck constraints, 
especially given the current focus on 
vaccine development for COVID-19, as 
most vaccines are available as solution 
for injection that require ultra-cold chain 
storage,” Chin asserts. “A lot of effort 
and investment will be made to develop 
an alternative dosage form that could 
effectively deliver such biomolecules via 
the oral route. If this alternate dosage 
form could not only overcome enzymatic 
and permeability barriers, but also ensure 
stability and biological activity without the 
need for ultra-cold storage solutions, this 
could be expected to positively impact the 
global pipeline in the coming years.”

A rising demand for tailored or customized 
formulations and precision medicine 
will greatly impact drug dosage form 
development in the near future, according 
to Bhat. “The increased focus on patient 
centricity will certainly lead the development 
pipelines away from a generalized approach 
to more individualized treatments,” he 
stresses. “[This shift] will also allow for the 
creation of more innovations in combination 
delivery to achieve better dose compliance 
by minimizing the number of medicines that 
need to be taken separately.”

For example, combining dosage forms in 
one hard capsule is a possible option, Bhat 
adds. “Pellet technology, or minitablets, are 
a great example of converting conventional 
technology into personalized solid oral 
dosage form,” he says. “Minitablets can be 

“�A rising demand for tailored or 
customized formulations and 
precision medicine will greatly 
impact drug dosage form 
development in the near future, 
according to Bhat.”
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filled in capsules as it is relatively easy to 
blend them together to attain combinations 
of multiple drugs in accurate doses and with 
different release profiles, if required. This 
solution is customized and user-friendly as it 
will reduce the dose regime.”

In Lamps’ opinion, lipid-based formulations 
will continue to impact dosage form 
developments in the future by addressing 
the solubilization challenge. “As [the 
technology] maintains solubilization 
during the dispersion/digestion step in the 
gastrointestinal lumen, it’s favoring efficient 
diffusion through the mucus layer to reach 
the intestinal epithelium,” he explains.

Additionally, amorphous solid dispersions 
(ASDs), which dissolve rapidly to higher 
concentration than crystalline forms and 
maintain supersaturation in the intestine, 
promoting drug absorption, will impact 
dosage forms in the future, Lamps continues. 
“[ASDs] broad applicability, flexibility, and 
quenching rates makes them amenable for 
high-dose compounds,” he says.

A high priority effort for many drug 
developers is the creation of an appropriate 
dosage form for cell and gene therapies 
(CGT), Nanda specifies. “Formulation 
and manufacture of CGT drug products 
represents specific challenges not 
encountered by small molecules and 
biologics,” she says. “Early-phase clinical 
trials for advanced therapies are rather 
complex and include wide dose ranges. It 
becomes extremely important to introduce a 

proper, robust formulation for CGT therapies 
early on, to be able to accommodate an 
intended route of administration, indication, 
and dose level.”

Although CGTs are still only administered 
in a clinical setting, the requirement for an 
optimal dosage form is just as critical as it 
is for therapies (large and small molecule) 
that are administered at home, Nanda 
emphasizes. “Both healthcare professionals 
and patients greatly appreciate using a 
therapy that allows a streamlined and simple 
administration, reduces the number of doses, 
or does not require specialized surgical 
instrumentation for delivery,” she says. “CGTs 
will require significant development in the 
container closures most suitable for efficient 
storage and shipment and convenient 
withdrawal for administration. Continued 
innovation of novel devices and adaption 
of existing platforms will also help enable 
advanced (tissue specific) therapy delivery.”
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The global contract research organization (CRO) market is 
expected to grow by over 8% (CAGR, 2019-2024) to reach 
$63.83 billion.¹ As sponsors increasingly look to CROs to 
support their clinical studies, many of which have evolved 

over the last 25 years from simple, single-country studies to become 
progressively global and complex, understanding the clinical supply 
considerations which need to be addressed at the outset can reduce 
the risk of unforeseen delays and cost overruns later.

Roles and Responsibilities
Clear communication between sponsors and their CRO, or partner of 
choice, is necessary so that all parties understand and acknowledge 
the role each will play. For example, sponsors should be able to 
identify who will act as their project’s Clinical Supply Manager (CSM) 
and be responsible for managing the outsourcing of clinical supplies, 
demand forecasting and oversight throughout the study.

Who, When, Where & How? The Key Clinical 
Supply Issues Sponsors Should Consider  
with their CRO
Karl Buer
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Sponsors should also ensure they understand 
which party will act as Importer of Record 
(IoR) and therefore be held responsible 
for ensuring the importation of goods 
complies with all applicable local trade laws 
and regulations, as well as managing the 
related documentation. As studies become 
increasingly global, it’s particularly important 
for sponsors to understand who will be the 
IoR as eligibility to perform this role can 
vary—some countries stipulate that only 
the sponsor may act as IoR while others 
will permit a third party to act as IoR on the 
sponsor’s behalf.

Additionally, it is important to determine 
which party will oversee the Interactive 
Response Technology (IRT) set up. The CSM 
should be involved in this process as early as 
possible as well. Simulation tools used in the 
planning of the study should be interfaced 
with the IRT system as it is important to 
ensure that both systems use common data, 
language and terminology. For example, 
problems can arise if the systems use 
conflicting date formats, as the dates logged 
in each system could inadvertently appear 
to be different. Making sure the language is 
mirrored in both systems is of fundamental 
importance in ensuring the study timelines 
are not negatively impacted due to 

miscommunication or misunderstandings. 
Early and frequent communication during 
the IRT set up process can prevent 
unnecessary rework later.

Protocol Design
Clinical trial supply management can be 
challenging due to its many moving parts. 
As trials become more global, supplies 
need to be divided among many regions 
and countries. Added to this, the studies 
themselves are becoming increasingly 
complex; studies that were separate in 
the past are being combined into a single 
study or utilize advanced protocol designs. 
Accordingly, sponsors should understand 
that study design can have a major impact 
on deciding which clinical supply strategy 
should be used and that this must be taken 
into their planning and discussions with 
their CRO or other partners. For example, 
for adaptive trial design, which “allows for 
prospectively planned modifications to one 
or more aspects of the design based on 
accumulating data from subjects in the trial,”² 
sponsors should ask their CRO or partner 
what potential clinical supply changes 
would be needed during the study. For 
instance, if the interim data in an adaptive 
trial suggests that patients require a 5mg 
daily dose, will there be sufficient product 
to support the patients for the remainder of 
the study? However, if the interim analysis 
instead shows that the patients require 
10mg, consisting of two 5mg tablets daily, 
at what point would an additional packaging 
campaign be required? Failing to consider the 
potential changes resulting from a sudden 
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shift in supply needs could incur the sponsor 
additional costs or time delays, sometimes 
significantly so.

At the beginning of a study, it is not 
uncommon for the list of countries and 
planned clinical sites to still require 
finalization. As the study progresses it may 
reveal certain important trends that can have 
direct correlation with supply needs, such 
as the enrollment rate—the rate at which 
clinical sites and countries are able to enroll 
patients. Though a relatively rare occurrence, 
the enrollment rate may prove to be faster 
than expected, so the sponsor should check 
that their CRO or partner is able to ensure 
there is a timely resupply of the drug product 
available at the depots and clinical sites to 
maintain an uninterrupted supply. Equally, if 
the enrollment rate is slower than expected, 
additional sites and countries may be added 
and underperforming sites shut down, which 
could impact the depot inventory in a given 
region. A common strategy to mitigate some 
enrollment risk and avoid unnecessary cost 
is to take a staggered approach to activating 
clinical sites so as to avoid opening them 

all at the same time. In this instance, the 
sponsor should ensure their CRO or partner 
will undertake a thorough examination 
of the drug product and expiration dates, 
to determine if additional product will be 
required to replace the existing product if 
there is significantly more or less demand in 
a particular country or region.

Project Management
Clinical trials are becoming increasingly 
global and complex, driving the need for 
increased control and management of 
supplies. Poor or little advance planning 
can cause unnecessary delays to project 
timelines, which can be particularly 
disastrous for drugs that have the potential 
to be a first-in-class therapy, giving the 
sponsor a competitive advantage and more 
importantly, hope for patients without 
other therapeutic options. For simple 
projects, a minimum of 90 days is generally 
recommended to establish a clinical supply 
plan and deliver the initial shipments to 
clinical sites, but more complex projects 
may require lead times of six months or 
more. Sponsors should check with their 
CRO that sufficient lead time has been built 
into the project plan for clinical supplies as 
manufacturing and procurement times need 
to be factored in too. This is particularly 
important if comparator and reference 
products are to be used as they may have 
limited availability, short expiration dates, 
or long lead times—the latter is especially 
true for biologics. Similarly, there may be 
other components with long lead times such 
as booklet labels. Aside from the expected 

“�Sponsors should check with 
their CRO that sufficient 
lead time has been built into 
the project plan for clinical 
supplies as manufacturing and 
procurement times need to be 
factored in, too.”
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impact to the overall project timeline, failure 
to give these components appropriate 
consideration can also impact the budget or 
have regulatory or logistics implications.

Clinical supply management is a continuous 
balancing act with managers needing to 
avoid unnecessary waste while also ensuring 
that supplies are available in sufficient 
quantities when and where needed. Services 
such as forecasting and demand planning 
can create a better-informed supply strategy. 
However, sponsors should discuss whether 
these services are needed for their specific 
study with their CRO as early as possible, 
to minimize any additional impact to their 
budget or timelines. Additionally, to increase 
its value to the study, any forecast should 
be conducted early, even before the clinical 
protocol is finalized. A pre-study forecast will 
provide the initial demand planning, help to 
identify critical path items and areas of risk 
that need to be proactively addressed and 
determine the overall supply requirements 
and necessary timeline for execution.

As trials become increasingly complex, 
sponsors may need to use newer, more 
advanced clinical supply models such as a 
demand-led approach, of which forecasting 
is a critical component, but it is important 
that sponsors check with their CRO as to the 
specific requirements of their study as early 
as possible. To avoid any potential impact 
to their budgets, delays to project timelines 
or logistical or regulatory issues, sponsors 
should work with their CRO to ensure they 
understand who will assume the required 

roles and responsibilities, key dates and 
milestones, the services required and the 
supply chain implications of the trial designs 
that may be used. Identifying any potential 
challenges early on will help to ensure 
projects get off to a good start and are able 
to run as smoothly as possible.
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