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EDITOR’S COMMENT

A Royal Tribute
O

n 8 Sep. 2022, an announcement was made that
Her Majesty Queen Elizabeth II had passed away at
Balmoral peacefully at the age of 96 years (1). The Queen
had reigned as monarch of the United Kingdom for 70
years, making her the longest-serving monarch for the
country throughout its history.
Although not necessarily commonly associated with the
pharmaceutical industry or life sciences, the Queen had played her part
well in helping the nation get to grips with scientific innovation. A prime
example of her Majesty’s role in promoting innovation came through
her prestigious Awards for Enterprise. With these awards, the Queen
provided a royal seal of approval for numerous life science businesses—
most recent awardees include SGS’s Quay Pharma, CatSci, Momentum
Pharma, and OncImmune—raising each company’s profile on a global
scale, boosting staff morale, and increasing commercial value (2).
Additionally, her Majesty was a patron of the Royal Pharmaceutical
Society, a role she accepted following the death of her father, King
George VI (3). And, in fact, it was the Queen who had granted the society
with the title of ‘Royal’ in 1988.
As pointed out by Steve Bates OBE, CEO of the BioIndustry Association, in
a blog post, the Queen’s 70-year reign had encompassed swathes of change
and innovation within the biotechnology field (4), such as the advancements
that have occurred over the years in genomics. When Elizabeth II began
her reign in the 1950s, Francis Crick and James Watson had just realised
their ground-breaking conclusion that the DNA molecule exists in a double
helix three-dimensional structure (5). Six decades later, in 2016, her Majesty
officially opened the Francis Crick Institute, which is the largest biomedical
research institute under one roof in Europe and is where researchers
investigate the fundamental biology of human health and disease (6).
Richard Torbett, chief executive of the Association of the British
Pharmaceutical Industry, neatly summed up the sentiment of the
country’s pharma sector in a press release (7). “The Queen led a life of
duty and service to the people of the UK and Commonwealth and was an
inspirational figurehead for the UK around the world,” he said. “She leaves
behind an unmatched legacy of dignified leadership and our industry joins
with the rest of the nation in mourning at this sad time.”
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EUROPEAN REGULATORY WATCH

Securing Europe’s
Critical Entities
from Cyber Attacks
Under the revised NIS-2 Directive in Europe, pharma companies
will need to be proactive in safeguarding their digital assets.

writer at Pharmavision,
Pharmavision.co.uk.

O

n 28 October 2021, the Parliament of the

particularly during the COVID-19 pandemic, one

European Union (EU) adopted the revised

of the key changes encapsulated in NIS-2 is the

Network and Information Security (NIS) Directive,

broadening of the scope of the original NIS legislation.

commonly referred to as NIS-2, which builds on

NIS-2 significantly increases the number of entities

and repeals Directive (EU) 2016/1148 on Security of

covered by receiving greater clarity as to what

Network and Information Systems (NIS Directive) (1).

constitutes “essential services”. This increased

The NIS Directive initially implemented in 2016 is the

coverage, however, implies that cyber resilience

first piece of EU-wide legislation on cybersecurity

measures will need to be taken at a much larger

aimed at providing legal measures to boost the

scale across the European continent due to growing

overall level of cybersecurity in the EU and its

interconnectedness across businesses, rapid

specific aim was to achieve a high common level of

digitization, and ubiquitous connectivity across

cybersecurity across the member states.

multiple sectors (4). As a collective, more enterprises

Although the NIS Directive increased the
cybersecurity capabilities of member states, its
implementation has proved difficult, resulting in

are becoming systemically important to defend from
the risk of cyber-attack.
Governance. The new NIS-2 directive has taken

fragmentation at different levels across the internal

significant steps towards enhancing security

market. As such, the new NIS-2 Directive is designed

governance by making senior managers accountable

to update the previous version issued in 2016

for cyber resilience. The hope is that this obligation

by modernizing the existing legal cybersecurity

will drive change in a ‘top-down’ approach within

framework to reflect the ongoing digital

organizations. The intention is that cyber resilience

transformation of society. This transformation has

must be considered a priority at board and senior

been intensified by the COVID-19 pandemic, which

management level rather than be confined to the

has expanded the threat landscape by bringing about

remit of technical teams.

new challenges with potential cascading effects

Fines and sanctions. NIS-2 also mandates a

that can negatively impact the delivery of critical

more comprehensive set of powers to be conferred

services across the whole of the internal market (2).

on competent authorities in terms of imposing

The number of cyber-attacks continues to rise, with

fines and sanctions. The new directive requires

increasingly sophisticated attacks coming from a

EU member states to impose administrative fines

wide range of sources from both within and outside

for cybersecurity risk management and to report

the EU.

obligations breaches that reach up to €10 million or

The revised NIS-2 Directive has been assigned

2% of total worldwide annual turnover for essential

to the Committee on Industry, Research, and

entities (whichever is higher) (5). It is hoped that

Energy (ITRE), within the European Parliament, and

regulatory fines at this scale that have occurred

is intended to form one of the baselines for the

in other jurisdictions such as with Uber in the

European cybersecurity framework, as well as act

United States (US), which was fined US$148 million

as a central tool in advancing Europe’s strategic

(€148 million) for a data breach cover up in 2018 (6),

autonomy and the Digital Europe Programme (3).

and with British Airways in the United Kingdom (UK),
which was set a record £183 million (€212 million) fine

8

Aims and key changes contained in NIS-2

for infringement of General Data Protection regulation

Scale. In response to the growing threats posed

(GDPR) rules for a breach of customer data, also in

by digitalization and the surge in cyber-attacks,

2018, will act as a major lever for resilience (7).
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European Regulatory Watch

Table I. Sectors covered by the new NIS-2 Directive.
Essential sectors

Health, energy, transport, banking, financial market infrastructures, drinking water,
wastewater, digital infrastructure, public administration, and space.

Important sectors

Medical device manufacturers, postal and courier services, waste management, the
manufacture, production, and distribution of chemicals; food production, processing,
and distribution; manufacturing and digital providers.

Source: Modified from European Commission, 2020 (1).

Incident response obligations. In a further measure,

the sectors covered by the existing directive, NIS-2 now

NIS-2 clarifies what constitutes a “significant impact” on

includes public administration and manufacturing of

a commercial entity. Under the new guidance, this will no

certain critical products, such as medical devices. This

longer constitute a defined metric (number of impacted

significant broadening of the scope of the healthcare

users) but rather whether there was disruption to critical

sector, by including medical device manufacturers, is

services, or if a firm incurred financial or material loss (4).

indicative of the critical nature of healthcare to society

In addition, the notification period has been reduced

and the economy, and the vulnerabilities the industry

from 72 to 24 hours, with reporting obligations to users

faces in the aftermath of the COVID-19 crisis. It also

of services, and potentially the public, depending on the

means that it is incumbent upon pharma companies to be

scale and nature of the attack.

more proactive in safeguarding their digital assets.

Overall, the NIS-2 Directive seeks to strengthen

As with the 2016 NIS Directive, micro and small

security requirements, address the security of supply

commercial entities are excluded from the scope of the

chains, streamline reporting obligations, promote

new NIS-2 Directive.

encryption and vulnerability disclosure, introduce more
stringent supervisory measures, as well as stricter

Next steps

enforcement requirements, including harmonized

The political agreement reached by the European

sanctions across the EU (8). It is hoped that such

Parliament and the Council is now subject to formal

measures will promote greater transparency to all parties

approval by the two co-legislators. Once published in the

affected by a potential breach and encourage commercial

Official Journal, the new NIS-2 Directive will enter into force

entities to be more responsible in being cyber resilient,

20 days after publication, whereby member states will then

as building a more resilient digital ecosystem is now

need to transpose the new elements of the directive into

considered an absolute strategic necessity.

national law (11). Assuming that the two‑year transposition
period remains, the new organizations encapsulated in the

Cyber risk for the lifesciences

broader scope of the legislation will have to be ready to

Research conducted by Deloitte has found that the

comply with NIS-2 protocols by 2024.

pharmaceutical industry is among the most threatened
areas for cybercrime globally, a phenomenon that
has been further heightened during the COVID-19
pandemic (9). The pharmaceutical industry is built on
innovation, comprising all of the characteristics that
make it attractive to cyber-attacks, including extensive
spend on R&D, highly sensitive intellectual property (IP),
a near total reliance on the underpinning technology to
efficiently run operations, high income generation as well
as trade secrets that also make it a target for industrial
espionage. It is estimated that IP can constitute more than
80% of a company’s value, while for smaller organizations
this can be close to 100% (10). For the pharmaceutical
sector, the consequences of a data breach go beyond
just the financial implications of exposed data. It also
affects the company’s reputation, diminishes patient and
stakeholder trust, and results in operational disruption
and potential regulatory fines.

The implications of NIS-2
for the pharmaceutical sector
One of the key changes in NIS-2 is the broadening of the
scope of the existing legislation (Table I). In addition to
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Adopting Smart
Development Strategies
External expertise is beneficial in helping companies select the
right tools at the right stages of development to ensure success.

Felicity Thomas

A

ccording to research, post-pandemic R&D

decisions to reduce risk and increase the programme’s

growth is healthy in the pharma industry

chances of success.”

with the number of drugs in the R&D pipeline now

To support optimal formulation strategies, not

exceeding 20,000 in 2022—which represents an

only must outsourcing partners invest in building

expansion rate of 8.22% from 2021 (1). This heightened

a resource pool with the right skill set, but they

spending into researching novel chemical modalities

must also provide continuous training development

and substances can be absorbed by some pharma

programmes and bring in the right infrastructure,

companies as an internal cost; however, development

adds Anil Kane, PhD, senior director, global technical

of a suitable and ultimately successful formulation

scientific affairs, pharma services, Thermo Fisher

strategy to advance a molecule to commercialization

Scientific. “Employing the right tools (modelling,

can benefit from external expertise. As such, it has

simulation, predictive) at the right stage of pre-clinical,

also been projected that the expanding R&D pipeline

clinical or late-stage development is important and

will be a driver for the formulation development

has a huge potential for application, interpretation,

outsourcing market (2).

and science-based decision making in adopting smart

“An outsourcing partner should have a good

formulation strategies,” he says.

10

controls] perspectives with the developer’s interests

The right tools

in mind, which enables the developer to have a sharp

A tool that is aiding in early development is computer-

vision of potential scenarios to develop for first-in-

based predictive modelling, reveals Kane. “This

human (FIH) trials, but also considers factors that

predictive modelling avoids trial-and-error-based search

will influence filings and the product’s commercial

of the right solution to solve the complex technology

success,” says Thierry-Thien K Nguyen, director of

and excipient selection process, thus helping to reduce

Product Development, Catalent Biologics. “In addition,

the time and investment in early clinical development,”

an outsourcing partner should collaborate with

he specifies. “An algorithm-based in-house developed

customers to develop PrOACT (identify problems,

software can predict technologies that will offer a

objectives, alternatives, consequences, and trade-offs)

higher probability of success among several options

and enable customers to make the most informed

such as micronization, amorphous solid dispersions
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(spray drying or hot melt extrusion),

pharmacovigilance data requirements

molecule’s stability,” Nguyen adds.

lipid-based delivery, complexation,

for novel excipients before they

“For formulation in a traditional

and others.”

can be widely adopted, Nguyen

manufacturing site, digitalization

stresses. “Some innovations are

benefits could be realized in the

process development, at an early

more acceptable, such as lipid

next few years, which have already

preclinical/clinical stage, an in-depth

nanoparticles (LNP) in messenger

been explored in both academia and

understanding of material properties

RNA/LNP formulations,” he says.

industry. For personalized medicine,

and their impact on formulation and

“To overcome these challenges and

bedside and in situ formulation, and in

process is critical,” Kane continues. It

enable technology adoption, those

combination with wearable devices,

is possible to simulate the behaviour

aspects identified using a quality-by-

there is still some way to go, but the

of bulk materials in oral solid dosage

design (QbD) approach need to be

future is exciting.”

forms using discrete element modelling

addressed in order that patient-centric

(DEM)/compaction simulation tools,

requirements are satisfied, and a

digitalization are being leveraged by

he explains. “The use of these tools

clear understanding of product quality

many Big Pharma companies to

mitigates formulation/process

attributes and associated process

improve drug development

challenges early in development and

parameters is demonstrated.”

productivity, asserts Kane. Approaches

“During formulation and

helps speed up process development

to increase productivity or success

Digital transformation

rates in drug design that are adopted

Additionally, Kane emphasizes

There has been much advancement

by researchers, medicinal chemists,

that modelling has found further use

in the field of information technology

and pharmaceutical experts

in aiding the design of formulation

recently, confirms Nguyen, such

include big data, AI, ML, neural

strategies for immediate-release and

as the implementation of AI-

networks, quantitative structure-

controlled/extended-release oral solid

and ML-based techniques in a

activity relationship modelling,

dosage forms through physiologically

variety of industries. “However,

and others, he states.

based pharmacokinetics modelling.

the pharmaceutical industry has

“Predicting animal/FIH doses, in-vitro–

been slower than others to adopt

formulation development relies on

in-vivo correlation (IVIVC), food effects,

AI- and ML-based techniques,

iterative trial and error, requiring a

bioequivalence, pharmacokinetic/

perhaps because of the lack of clear

large number of resource-intensive and

pharmacodynamic (PK/PD), and so

regulations, a paucity of funding

time-consuming in-vitro and in-vivo

on, using software has helped in the

for research into these fields, and a

experiments,” Kane says. “ML-directed

assessment of formulation impact

scarcity of reputable quality training

drug formulation development offers

on PK, compartmental PK analysis

programmes,” he notes.

unparalleled opportunities to fast-track

and troubleshooting,” Kane says.

of animal data, evaluation of animal

Yet, Nguyen continues, when

“The traditional approach to drug

development efforts, uncover new

bioavailability, and defining an FIH

digitalization is implemented

materials and innovative formulations,

clinical dosing strategy,” Kane states.

both thoroughly and properly into

and generate new knowledge in drug

formulation development strategies,

formulation science (3).”

Focusing on large molecules, Nguyen
points out that there have been several

it is possible to improve cost and

innovations that have significantly

time efficiencies in drug product

advancements are allowing for more

impacted formulation strategies during

formulation and process development.

comprehensive data collection. For

recent years. In addition to predictive

If applied correctly, it is possible

example, digital pills that feature

models using artificial intelligence (AI)

to enable past information on

ingestible sensors in an oral drug

and machine learning (ML), Nguyen

formulations, APIs, and processing

delivery dosage form will revolutionize

highlights high-purity, parenteral-

conditions to be amassed; allow the

diagnostics, clinical monitoring, data

grade excipients in cryopreservation

creation of a large common library

collection, and data analytics in the

media for autologous and allogeneic

to teach/train new ML algorithms;

healthcare industry, Kane emphasizes.

cell therapies; novel excipients for use

support the creation of algorithms that

“Smart medicines involve a target

in vaccines, viral therapies, and high-

predict how similar molecules/entities

applied directly to the medicine via a

concentration biologics formulations;

would behave in given formulation

coating or ink, and a sensing device

lipid nanoparticle components and

environments; and will provide the

(a cell-phone application) is used to

associated manufacturing technology

potential for quicker access to data

read the medicine and convert the

for encapsulation; and continuous

and greater processing power, which

signal into a digital format in a matter

sterile freeze-drying technology, as

would make the formulation candidate

of seconds. With smart medicines,

key innovations.

selection more efficient, he specifies.

every dose becomes a basis for

However, each of these innovations
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Advances in analytics and

“Finally, with a predictive AI

At the dosage form level,

patient communication, engagement,

faces several challenges, such

model, minimal data sets could

and data generation,” he says. “The

as toxicology/pharmacology and

more accurately anticipate a

transition to smart medicines offers an
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enormous source of value creation to

to use real-time release—for finished

requirements would help developers

the pharmaceutical industry.”

product release testing—as well as

anticipate what shall be considered

It is important, however, to ensure

predictive models and in-suite tools to

upfront to avoid costly correction or

the quality of the data being collected,

support the required testing, he adds.

redevelopment later in a product’s

warned Nguyen. When collecting

“Advanced continuous

lifecycle. Moving from early phase

data that will be used to build a

manufacturing approaches are often

to late phase, as product and

library and then to train machines,

considered for mAbs [monoclonal

process knowledge are accumulated,

for example, the data should conform

antibodies], therapeutic proteins, or

the presumptive attributes and

to ALCOA+ [attributable, legible,

other biologics that are compatible

process parameters would be further

contemporaneous, original, accurate,

with such a process,” states Nguyen.

refined as critical versus non-critical,

and additionally that it is complete,

“[Advanced CM] is more challenging

or key versus non-key for a product

consistent, enduring, and available]

to adapt for cell therapies and less-

and its process.”

guidance and should be unbiased,

standard modalities made through

he explains.

complex, smaller-scale processes.”

“Good input and good process

Across the board, however,

Final thoughts
“Digitization of operations, use of

shall yield good output, otherwise,

demonstrating homogeneity in bulk

augmented and virtual reality, AI and

with less representative data the

drug substance and assurance of

ML, increased use of robotics, and

predictive model would misrepresent,

dose uniformity are key aspects of

using connected data systems to drive

and unintentionally skew toward an

formulation and fill/finish, Nguyen

better quality and business decisions

unwanted design space,” Nguyen says.

points out. “From this perspective,

need to be actively pursued in many

CM and process intensification, while

parts of the business,” asserts Kane.

Impact of intensification

making much advancement in terms

“Continuous manufacturing (CM)

of drug substance upstream (cell

reduce the number of conditions that

continues to be of interest for specific

culture) and downstream processing

need to be performed in the design

products by the emerging, mid-size

(purification), still faces such

of experiment within formulation,

and Big Pharma companies for one

challenges that it is often decoupled

Nguyen adds. “If a reliable predictive

or more of the well-documented

from fill/finish operations. As a result,

model can be built using a high-quality,

and proven reasons—reduced

at the end of the process, bulk drug

diverse, and unbiased database, then

API usage from early to mid-stage

substance containers need to be

that will drastically help improve

development to commercialization,

stored and handled within the correct

formulation strategies in terms of

robust simplified formulation,

conditions and shipped to fill/finish

time, cost, and likelihood of success,

scale-up efficiencies, speed to

sites to process as batches upon

and would contribute to bringing drugs

clinic and to market, supply chain

demand,” he says.

to patients more quickly.”

flexibility, reduced cycle time, and

Through digitization, it is possible to

“For a product that requires only a

“Therefore, expertise and

potential reduced overall cost

single formulation and single strength,

experience in utilization of the

of supply while having a greater

formulation considerations could

modelling tools is critical to bring

assurance of quality,” Kane asserts.

be built in during the ultrafiltration/

speed and efficiency to clinical

“A CM process certainly changes the

diafiltration (UF/DF) step and the

programmes,” Kane summarizes.

formulation strategies, as there will

finishing step to create formulated

“In late-stage clinical studies, it is

be far more controls and checks at

bulk material,” Nguyen continues.

critical to adopt sound, science-based

critical processes as compared to a

“Upon receiving at the fill/finish site,

risk-assessment and risk-mitigation

batch process that utilizes multi-unit

it would require pooling, blending,

strategies to optimize formulations

operations. Selection of excipients

filtration, aseptic filling, and packing.”

and process of manufacture.”

and a process needs to be aligned

When considering the quality

with the continuous manufacturing

requirements, as is the same with

equipment design and scale.”

batch processing, the framework

Process analytical technology

of CM should start with a patient-

(PAT) tools, such as near infrared and

centric design, the target product

Raman spectroscopy, are integral

profile, followed by CMC target

for continuous manufacturing

profile, Nguyen states. “At each unit

programmes, continues Kane.

operation, risk needs to be evaluated,

Additionally, to be able to expand the

and the learnings carried over to the

continuous solid dose programme

next steps to understand what can be

and bring customer programmes

further removed, polished, controlled,

to commercialization, it has been

mitigated, or monitored,” he says.

beneficial at Thermo Fisher Scientific

“Understanding the endpoint and
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and enable their use outside the
cold chain, which can significantly
improve convenience of use.”
Balasubramaniam Jagdish,
assistant vice-president,
Formulation Development,
Bengaluru Site, Recipharm,
emphasizes that reformulation
can be performed for several key
reasons. “[Reformulation] can
allow developers to improve the
performance and patient centricity
of an existing drug. For example,
it may be done to create a version
of an existing drug that is more
convenient and easier to use for the

Reformulating Success
There are many benefits of employing a reformulation strategy,
but companies must also overcome a variety of challenges too.

patient, increasing quality of life or
boosting adherence and, in turn,
therapy success,” he says.
Additionally, Jagdish remarks
that reformulation can be used
to enhance solubility, to improve
absorption, or to boost the stability

Felicity Thomas

T

of a drug product formulation. “In
raditional drug development is costly and time-consuming, with

all cases, reformulation can save a

many hours, days, and years spent researching and developing

considerable amount of time and

novel chemical entities that, for the most part, will likely fail to

financial resource compared with

get to the commercial finishing line. Repurposing a drug can offer

the discovery and development of

companies an approach to drug development that is much more

an entirely new chemical entity,”

time- and cost-efficient and offers a higher chance of success.

he states.

According to research, 30% of repurposed drugs gain approval,
which is three times higher than the rate for new drugs (1).
There are three main strategies to repurposing a drug product:

Moreover, it is possible to use
reformulation as a way of extending
the line of an older drug product,

determining a novel therapeutic indication for an already known

Jagdish points out. “[Reformulation]

drug (repositioning); developing a new formulation of a drug product

offers an opportunity to change

(reformulation); and combining two or more drugs that were already

an excipient or evolve the

being used as single drug products (combination) (2). Despite the

manufacturing process to deliver

various benefits of repurposing existing drug products can offer,

marginal gains in performance

each strategy also has certain challenges to overcome that can act

or ensure compliance with new

as a deterrent to developers.

regulatory requirements,” he says.
“Regardless of the reasons for

Benefits of reformulation

the reformulation, assessment

“Reformulation can be used very effectively to develop improved

of the regulatory implications of

medicines and treatment options for patients,” confirms Jan

reformulation is essential.”

Jezek, chief scientific officer of Arecor. “For example, creative
formulation can be used to improve the pharmacodynamics and

Regulatory considerations

pharmacokinetics of a drug.” Highlighting a specific case of creative

First and foremost, Jagdish stresses

formulation, Jezek points to the development of a novel formulation

that it is critical for companies to be

of insulin that has is being developed by Arecor, which accelerates

aware of the regulatory requirements

the drug’s absorption post-injection, leading to glycaemic control.

of the target geography of the

14

reformulated drug product.

lyophilized powder medicine to stable liquid ready-to-use (RTU)

“There is considerable variation

product formats, which are becoming increasingly important

in the regimes in each country, so

to enable fast, safe, and effective treatment of patients,” Jezek

pharmaceutical companies should

continues. “Innovative formulation approaches can also lead to

evaluate their compliance needs

improvement in stability of small- and large-molecule products

on a case-by-case basis,” he says.
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“Another example benefit of reformulation is to convert a

Development

“For example, the US Food and

outset, Jezek continues. “In other

a way that reduces the degradation

Drug Administration (FDA) has

words, the formulation scientist

rate and thus enables the desired

published its guidance for industry

needs to understand the desired

product profile,” Jezek confirms.

on Nonclinical Safety Evaluation of

stability and other requirements

Reformulated Drug Products and

that the products must meet,

challenges that pharmaceutical

Products Intended for Administration

such as specific impurity levels,

companies need to overcome

by an Alternate Route, which can

to be approved by the regulatory

when approaching a reformulation

help companies understand the

authorities,” he says.

project depend upon the type of

According to Jagdish, the

reformulation they are undertaking.

regulatory requirements in the

Other challenges

“For example, when developing

After defining the target product

a new formulation of a drug for

formulation excipients and whether

profile, the developer needs

the same indication, achieving

those being used in the reformulated

to understand the degradation

bioequivalence for the new

product are indeed approved for

pathways that can potentially

formulation with the existing one

the intended use—administration

impact the stability of the drug

poses a significant challenge,

route and desired dosage

product during storage, Jezek

because it is no longer a like-for-like

regimen—is critical. “[Whether or

adds. Appropriate methods

comparison,” he asserts.

not the excipients are considered

must be established so that any

novel] impacts the complexity of

degradation pathways can be

considered to reduce the size

development as it is necessary to

measured and understood. “Such

of the dose of a medication, to

justify the use of the excipients and

methods are often referred to

improve safety profile and patient

to demonstrate the safety of the

as stability‑indicating methods,”

compliance,” Jagdish continues.

excipients required. Novel excipients

he notes.

“Again, in this case, there is a need

[United States]” (3).
For Jezek, considering the

“Reformulation can also be

“The last challenge, which is most

to demonstrate that the efficacy of

critical for successful reformulation,

the lower dose is equivalent to that

is to be able to select the right

of the already clinically proven and

reformulation strategy for a drug

combination of inactive ingredients

approved higher dose.”

product, developers should define

that will collectively interact with

the target product profile at the

the small- or large-molecule drug in

will carry a higher regulatory and
development burden,” he specifies.
When approaching a

Contin. on page 35

Outsourcing reformulation expertise
Reformulating an existing drug product can be a time-

as a strategy for enhancing the lifecycle management

and cost-effective way of rejuvenating a product line

of their patented product and to delay generic entry

while also making a therapeutic more patient-friendly.

as far as possible. These companies often have many

To find out more about how external expertise can help

lead molecules to work upon, meaning it can be hard

sponsor companies achieve success in reformulation

to find the capacity required for reformulation in-

strategies, Pharmaceutical Technology Europe spoke

house. Working with a contract development and

with Jan Jezek, chief scientific officer of Arecor, and

manufacturing organization (CDMO) partner can help

Balasubramaniam Jagdish, assistant vice-president,

them find that additional resource, enabling them to

Formulation Development, Bengaluru Site, Recipharm.

manage multiple reformulations simultaneously while

PTE: How might companies benefit from using a
partner for reformulation tasks?

freeing in-house capacity to focus on innovation.
For generic[-drug] companies, reformulation gives

Jezek (Arecor): An innovative formulation technology

them an advantage in terms of 505 b(2) filing. [FDA]

company, such as Arecor, can use its expertise, know-

505 b2 approvals give additional exclusivity to a product.

how, and technology to develop novel formulations

When applied to a reformulated drug, it can help to

of therapeutic medicines with enhanced properties,

prevent generic entry until the expiry of the filing. As

enabled by the formulation, which would otherwise not

such, they keep development in-house, provided they

be possible. These enhancements can improve treatment

have the internal capacity and infrastructure. However,

options and outcomes for patients. The technology can

if the generic company is reformulating to change

be applied to a variety of new products in development

excipient or manufacturing process, they may well

to maximize their benefit for patients. However, the

prefer to outsource to a CDMO to provide the necessary

reformulation technology can also be applied to existing

expertise and infrastructure so they can concentrate on

marketed products as part of life cycle management.

other projects.

Jagdish (Recipharm): Reformulations are often
considered by big-brand pharmaceutical companies

—Felicity Thomas
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Two typical tests for oral solid dosage forms
are dissolution and content uniformity (CU). In
continued process verification (CPV), there
must be some kind of evaluation such that the
validity of the two test data within the same CPV
batch is demonstrated. One such evaluation
tool is control charting using F data (i.e., F chart)
to demonstrate that the consistency between
dissolution and CU data is under statistical control.

F!! "#,!" "#

Term 1

NO
= (s#% ⁄σ#% )/(s%% ⁄σ%% ) F!! "#,!" "# = (s

Simulation study for construction
of standard distribution for F statistic

factors for RSD/F charts. For information, sigma (σ) may
be computed for n = 6 (e.g., 1+3σ = 1.98, σ = 0.327) and for
A simulation study using the XLSM Excel program is em- n = 10 (e.g., 1+3σ = 1.72, σ = 0.240).
ployed. Like acceptance value (AV) (6), relative standard
F is a function of degrees of freedom for numerator and
deviation (RSD) (6), and other similar distributions, F dis- denominator (i.e., F5,9 in this article) no matter what the
tribution also has its standard distribution.
variance is. The population variance range used in the study
What is a standard distribution? When a single statistic (for this article) is between one and 100 (i.e., simulated using
(in large number), such as F5,9 (variance ratiodisso/variance a combination of σ2disso/σ2CU, each equal to 1/100, 100/1, 1/1,
ratioCU) in this article (where the number of simulated F5,9 and 100/100), where their F distribution features are identidata or k is 120,000), is divided by their mean (M), the dis- cal. Thus, the UCL and LCL factors (3.92 and 0, respectively)
tribution of F5,9/M data will have its mean equal to one (1.00). generated from the resulting standard distributions are the
With repeated simulation trials using different population same and are determined to be universal for the two sets of
variances, the distributions will be identical in shape to degrees of freedom.
each other. Such a common distribution is called “standard
distribution” (7), where the upper control limit (UCL) and Case study
lower control limit (LCL) factors for F charts can be estab- The case study (using a capsule product) is the same as
lished (i.e., 3.92 and 0, respectively; see also Figures 1a and 1b). the one published in a previous study (6), where only CU
The two factors are simply calculated following the control
chart principle (i.e., 1±3σ where 1 and σ are the distribution
Figure 2. a) relative standard deviation (RSD)
distributions: theory vs. simulation (top) and b) RSD
mean and standard distribution, respectively).
ratio distributions: theory vs. simulation (bottom). UCL
Using the same program, standard distributions for RSD
is upper control limit. LCL is lower control limit.
(n = 6) are also studied (Figures 2a and 2b). Figure 2b shows
the UCL and LCL factors (i.e., 1.98 and 0.02 for n = 6 and
A.
1.72, and 0.28 for n = 10, which is already published [6]).
The factors, calculated in the same manner as those for F
chart above, are also summarized in Table I: UCL and LCL
Figure 1. a) F5,9 distributions: theory vs. simulation (top) and
b) F5,9 Ratio distributions: theory vs. simulation (bottom).
UCL is upper control limit. LCL is lower control limit.
A.
B.

ALL FIGURES ARE COURTESY OF THE AUTHOR.

B.

Table I. Upper control limit (UCL) and lower control limit
(LCL) factors for relative standard deviation (RSD)/F charts.
RSD/F chart factors: theory vs. simulation results
Sample size

UCL factors

LCL factors

6

1.98

0.02

10

1.72

0.28

F5,9 Chart

3.92

0

UCL and LCL: upper and lower control limits
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Term 9 Term 10

Term 8

+s#% ⁄s*#% ,/+s%% ⁄s*%% ,

= and RSD charts
data were demonstrated. Figure 3aF!is!"#,!
the""#
AV
reproduced from that previous study (6), while Figure 3b
shows the RSD chart for dissolution data (immediate
Term 10
dissolution). Figure 4 illustratesTerm
the 9F chart for F5,9 data
%
%
computed from dissolution (s#% ⁄s*#% and CU s% ⁄s*% ) data

Figure 3. a) acceptance value (AV) vs. relative standard
deviation (RSD) charts (content uniformity [CU] data)—
with overlay view for upper control limits (UCLs),
control limits (CLs), lower control limits (LCLs), and b)
RSD chart (dissolution data).

A.

*%

(i.e., F5,9 = (s# ⁄s# )/(s% ⁄s*%) where none of the data exceeds the
UCL; however, lot # 19 nearly exceeds the limit.
Figures 5a and 5b are intended to compare the F chart to
the RSD ratio chart to demonstrate their similarity, espe1/2
cially in Figure 5b (note: Figure 5a is the same as Figure
4 but
downsized for easier comparison). The RSD ratio is defined
as the ratio of RSDdisso value divided by the ratio of RSDCU
of the same batch. F (variance ratio) and RSD ratio charts
1/2
are simultaneously
studied at the beginning because of their
similar calculation concept. Because practitioners and readers are more familiar with F statistic rather than RSD ratio,
F chart is introduced in this article.
Another case study involves a tablet product where the
RSD and F data are plotted in Figures 6a, 6b, and 7. The plotted RSD data (CU) in Figure 6a are under control, whereas
some of the data (dissolution) in Figure 6b exceed the upper
limit. However, CpK values for those data points that exceed
the upper limit are more than 1.33. For example, in lot # 17,
the sample CpK = (mean-(Q-15))/(3 × s) = 2.07, where the
mean = 96.01, Q = 80, and standard deviation (s) = 4.99. Finally, the plotted F data in F chart (Figure 7) are satisfactorily
under statistical control.
%

%

%

Figure 5. a) F chart and b) F vs. relative standard
deviation (RSD) ratio charts (dissolution data: case
study). DR is dissolution rate. UCL is upper control
limit. LCL is lower control limit.

B.

A.

2/2

Figure 4. F chart (content uniformity [CU] vs. dissolution
data). DR is dissolution rate. UCL is upper control limit.
LCL is lower control limit.
B.
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Figure 6. a) acceptance value (AV) vs. relative standard
deviation (RSD) charts (content uniformity [CU] data)—
with overlay view for upper control limits (UCLs),
control limits (CLs), lower control limits (LCLs) and b)
RSD chart (dissolution data).
A.

B.

• RSDdisso data for the tablet product are more fluctuated
than those for the capsule (see also Figures 3b and 6b).
This fluctuation may be due to one of the factors, as
discussed previously, that affect dissolution. In addition
to the factor related to CU variation, the most obvious
factor in tablets includes the influence of binders and
disintegrants used in tablet formulations, which leads to
variation in the dissolution rate of individual tablets. In
the RSD chart for the tablet product (Figure 6b), four out
of 27 batches exceed the UCL, but their CpK values are
more than 1.33. This implies that it is harder in some
tablet formulations for the RSDdisso data to successfully
pass the RSD chart limits; however, the data are acceptable if the CpK is not less than (NLT) 1.33.
• As discussed earlier, Figure 5b illustrates the similarity
between F and RSD ratio charts and shows that the F
chart is more user-friendly than the RSD ratio chart
for practical implementation. In addition to the F chart,
the RSD ratio chart may be applied to extended or delayed drug release data so that further evaluation can
be carried out.

Conclusion

Figure 7. F chart (content uniformity [CU] vs. dissolution
data). DR is dissolution rate. UCL is upper control limit.
LCL is lower control limit.

F chart is introduced in this article as an additional control chart for CPV to demonstrate the consistency between
dissolution and CU data within the same CPV batch. It is
not intended to affect the approval status of those released
batches, but to review and gradually improve the adequacy
of the relevant processing steps in future CPV batches.
From Figures 4 and 7, it may be concluded that F chart may
be applied to statistically demonstrate the consistency between
dissolution and CU data in CPV batches. In the case of unsuccessful F charting, one should review, investigate, and take
action as appropriate such that the uniformity of dissolution
data of OSD forms (especially for tablet formulations) and dissolution performance verification testing (2) in quality control
laboratories are completely implemented. Successful F charts
will indicate that the CPV programme is fully valid.
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Discussion

Capsule vs. tablet case study. Because the two products used
in the case studies in this article have undergone an annual
product quality review (APQR) programme, their data were
determined to be useful for this article.
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Phospholipids in
Pharmaceutical Form
Line Extensions
Peter Hölig*,1 and Peter van Hoogevest2,

extensions are Doxil® (doxorubicin
liposomes), AmBisome® (amphotericin B liposomes), and Lipusu®
(paclitaxel liposomes). Also, mixed
micelles, comprising phospholipids
and bile salts, or oil-in-water emulsions, with egg phospholipids as
emulsifier, are used in line extensions as solubilizing vehicles to replace alternative detergents.

*Correspondence: 1Lipoid GmbH, Frigenstraße 4, D-67065
Ludwigshafen, Germany, Tel: +49 621 53819 301, p.hoelig@lipoid.com

Local injection

2Phospholipid Research Center, Im Neuenheimer Feld 515, D-69120
Heidelberg, Germany and PHARMANOVATION Consulting,
Kapuzinerstraße 4, D-79618 Rheinfelden (Baden), Germany

T

he pharmaceutical industry
has two main ways to generate new products. The first
option is to look for new drug
substances. A second option is to
employ better formulations of an
existing drug product. Such reformulated products are called Pharmaceutical Form Line Extensions.
As part of such a product lifecycle
management strategy, the profitability of sales of a drug substance
facing generic competition may be
extended (1). The new products may
be protected by dosage form patents.
Line extensions require less research
and development compared to development of new chemical entities
(2). Examples of commercially successful product line extensions can
be found in the literature (3).
Successful reformulations require suitable excipients with a
broad scope of use. Phospholipids
fulfil these requirements because
they can be used in many dosage
form types (4). In addition, they
are biocompatible, safe in use, and
available at large scale in pharmaceutical grades known to regulatory authorities. The molecular
structure of phospholipids comprises a glycerol backbone, which is
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esterified in positions 1 and 2 with
fatty acids and in position 3 with
phosphate (Figure 1).
This short review illustrates the
many options which exist to make
Pharmaceutical Form Line Extensions with phospholipids as key excipients. For extensive information,
see Van Hoogevest et al. (5).

Intravenous injection

Oral products can be reformulated to generate an intravenous
injectable enabling, e.g., emergency
treatment. An example is Aprepitant (EMEND® oral tablets converted into Cinvanti, oil-in-water
emulsions with Egg-PC as emulsifier). The therapeutic index of
intravenous drug products can be
optimized by encapsulating drug
substances in liposomes, which are
mainly composed of phospholipids.
The liposomes reach the disease
target more efficiently and/or can
avoid organs which are sensitive to
the toxicity of the drug substances,
compared to the original product.
In the case of lipophilic drugs, liposomes can be used as solubilizers
and replace synthetic detergents in
the original products with allergenic
properties (6). Examples of such line

Specific liposomes, multivesicular
liposomes, based on DepoFoam®
technology, are used as depot, slow
release vehicles after local injection
of hydrophilic drugs (7). These liposomes have large sizes to maintain
the injectable at the injection site, a
prerequisite for a depot effect. An
example of such a product is Exparel® (bupivacaine liposomes).

Pulmonary use

Encapsulation of antibiotics in
liposomes in nebulized formulations is used to reduce the frequency of administration and to
target bacterial pathogens located
in lung macrophages, which specifically take up the liposomes.
An example of such a product is
Arikayce® (amikacine liposomes)
(8). Furthermore, saturated phospholipids are used as alterative
technological aid to, e.g., lactose
to convert a nebulizer formulation
into a dry powder for inhalation.
An example is Tobi Podhaler® (tobramycin, PulmoSpheres®) (9).

Dermal use

Liposomes are also used in dermatological formulations to enhance
the skin interaction of drug substances to optimize dermal products, or to convert injectables into
dermal extensions. An example is
heparin for the treatment of deep
venous thrombosis (10, 11).
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completely inside the cabinet of
the machine, there is little chance
for external contamination and
problems with sterility. With BFS, the
environment inside the cabinet of
the machine is continually monitored
for viable and non-viable particulate,
and there is a constant, positive
pressure shower of high-efficiency
particulate air (HEPA)-filtered air that
covers the filling section of the BFS
machine. With those controls in place,
along with the automation of the
BFS machine, the operator doesn’t
have to be in the room. It is designed

Improving Sterility Using
Blow-Fill-Seal Technology
Blow-fill-seal technology can help maintain
sterility during the biologics manufacturing process.

B

benefit is that there are fewer
components compared
to glass vials, so you don’t have
to deal with stoppers, crimp tops,
and other closures. There are no
equivalent cleaning steps to the
ones glass vials need to go through.

low-fill-seal (BFS) technology presents several advantages over

There are also no equivalent

other aseptic techniques, such as flexibility in packaging design,

treatment steps to the ones glass

the ability to ensure a high level of sterility assurance, and maintaining

vials need to go through, such as

low costs (1). In addition, the use of BFS technology limits human

depyrogenation. Raw resin is used;

involvement, which further improves the level of sterility assurance by

it goes directly into the BFS machine

removing a significant contamination factor from the process entirely.

and is moulded directly. So, there are

The technology enhances the ability to form the container and closure

fewer components, fewer steps in the

during the packaging process, which allows for a more custom design

actual manufacturing process, and

of the container. BFS technology can thus be used to meet specific

there is far less human interaction.

needs and improve container ease-of-use (1).
In order to learn more on the logistics, benefits, and potential
drawbacks of BFS technology, Pharmaceutical Technology Europe
spoke with Waiken Wong, PhD, manager of development engineering
at Woodstock Sterile Solutions, an Illinois-based provider of sterile
development and commercial solutions.

Benefits of BFS technology
PTE: Can you please explain what BFS packaging technology is and
how it applies to bio/pharmaceutical manufacturing?
Wong (Woodstock Sterile Solutions): Blow-fill-seal packaging
technology is a method where the container is formed, filled with
product, and then sealed in a sterile environment. What comes

“One important
consideration is
understanding the drug
product’s compatibility/
interactions with plastic.”
— Waiken Wong, PhD,
Woodstock Sterile Solutions
PTE: Can you explain cold
temperature BFS and its benefits
compared to regular BFS?
Wong (Woodstock Sterile

out is a fully sterile finished product. It’s a good presentation for

Solutions): Cold temperature BFS

many drugs, including biopharmaceuticals. Sterility is critical for

requires implementing a combination

biologics and many other drugs because it prevents microbial

of techniques all together in one

contaminants in products.

manufacturing process to help

PTE: What benefits does BFS packaging technology offer, compared
to traditional glass vial manufacturing?
Wong (Woodstock Sterile Solutions): There is far less human

22

human intervention. An additional

control the amount of heat that is
imparted onto a drug product. During
the typical BFS process, there is

intervention when BFS packaging [is employed], and humans are the

naturally quite a bit of heat, because

biggest cause of contamination. Contamination can have a negative

raw resin is being melted to make

impact on microbial sterility. Because the BFS process happens

bottles. The bottles themselves also
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Alivia Leon

to operate on its own, without any

Manufacturing

need to be warm throughout the

Wong (Woodstock Sterile

PTE: What are the drawbacks of

process so that the containers can

Solutions): One important

be sealed shut in the final step. There

consideration is understanding

is latent heat, but Woodstock Sterile

the drug product’s compatibility/

Solutions): The permeability

Solutions has found ways to control

interactions with plastic. Before

mentioned earlier is one challenge,

that heat so that biomolecules can

opting for BFS, there needs to be an

as are the material interactions I

survive with no impact through the

understanding of how the product

noted. Also, there are challenges

manufacturing process. With a cold

interacts with plastic—if there

with heat and thermally sensitive

BFS process, there are additional

are concerns about adsorption or

products, but those can be

drug products that you can package,

absorption, for example. Additionally,

addressed using cold BFS.

since you do not have to worry about

plastic containers are permeable in a

drugs that are thermally sensitive.

way that glass is not, and it is critical

Many biomolecules are heat sensitive,

to understand if that will have an

and there are many proteins that can

impact on the product throughout its

Solutions): The US Food and Drug

denature or degrade with heat, so

shelf life. That being said, there are

Administration considers BFS as an

traditionally, the biopharma industry

ways to counter permeation, whether

advanced aseptic manufacturing

has stayed away from BFS and stuck

it is water vapour moving out or

technique, recognizing its ability to

with glass—a tried-and-true option.

oxygen moving in, in order to maintain

produce sterile drug products reliably

Having this collection of manufacturing

the quality of the product inside.

while also ensuring a high level of

steps expands what is possible for

Lastly, although BFS can be used to fill

quality for patients. The industry is

drug products in blow-fill-seal.

liquids that are highly viscous, if the

held to the same standards, as all

product is more ointment-like, then it

drug packaging technologies are, to

Implementing
BFS technology

will be difficult to fill using BFS. That

ensure product safety and quality.

PTE: What are some key

piping and other parts of the system,

considerations when implementing

but the technology can handle a wide

BFS technology?

range of viscosities.

using BFS technology, if any?
Wong (Woodstock Sterile

PTE: What are the regulatory
considerations when using BFS?
Wong (Woodstock Sterile

makes it harder to push through the

Reference
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the manufacturing process in
the “Sterilization’s Horizon:
Improving Automation, Single-Use
Technologies, and Annex 1” episode
of Pharmaceutical Technology’s
Drug Digest series (2). Van Hagen
specifically highlighted the rise of
vaporized hydrogen peroxide (H2O2)
systems in aseptic processing,
which has made key advances in its
efficacy as a sterilization tool.
According to Van Hagen,
companies historically used opensystems where human operators

The State of
Contamination Control
Various advances in contamination control are being
utilized to reduce the chance pollutants contaminate a drug product.

would go in and sterilize the
machinery. However, this process
opened the gates to massive
amounts of contamination risk.
“If you are going to open it up and
have people going in and cleaning
it, that’s all [well and good],” said
Van Hagen. “However, they’re using
their hands. Our hands are [how]

Grant Playter

P

we interact with the world, it’s the
reventing contaminants from interfering with pharmaceutical

highest bioburden-laden part of our

operations is critical for the safety of the workers handling the

body except for our mouths.”

materials and the consumers to whom the final product is delivered.

This method, risky as it is, was

Apart from the self-evident health risks brought about by contamination,

one of the cheapest, fastest ways

the financial risks can be just as dire; management firm McKinsey

to sterilize bioreactors. However,

found that, on average, recalls cost the industry between US$2.5 billion

when an existing patent that

(€2.52 billion) and US$5 billion (€5.06 billion) per year through non-

was preventing companies from

routine costs and lost sales of new and existing products (1). Moreover, if

developing faster ways of using H2O2

product contamination results in a recall, the damage will be more than

in aseptic production expired in

monetary; latent effects, such as consumer and investor confidence in a

2002, H2O2 emerged as a potentially

company, brand, or product must also be considered.

viable alternative; to this point,

This naturally raises the question of what is being done to

multiple days of cleaning were

prevent contamination in the pharmaceutical field. The following

needed to use the chemical. Now,

reviews key areas of the pharmaceutical production process to

with the advances that have been

look at what novel techniques, technologies, and policies are being

made in its usage over the past 20

implemented to mitigate the chance of contamination.

years, it can be done in as little as
30 minutes, making an automated

Eliminating residual contaminants

system a feasible alternative to

When a process is repeated in stainless steel, sterilization is

historical practices (2).

necessary between batches to ensure product quality. Regardless of
(and, in the case of manually cleaned systems, human intervention)

Addressing extractables
and leachables

the chance that the process fails to fully sterilize the system exists.

With single-use consumables, the

This is especially true for lower-grade systems or ones that require

chances of prior batch residue

complex clean-in-place/sterilize-in-place (CIP/SIP) procedures that

contaminating a fresh batch is

require significant, specialized training to correctly perform.

removed, but the chances for

One way in which the industry has begun addressing this issue

24

extractables and leachables

is through automation. Not only does this eliminate the need for

(E&L) to enter the product is

direct human intervention, it simplifies many of the procedural

introduced. Because they are

steps that can indirectly affect the cleaning process. Alex Van

made of various types of plastic,

Hagen, Life Sciences Sector Specialist at Watson-Marlow Fluid

rather than stainless-steel,

Technology Solutions, discussed the impact this can have on

chemicals may now corrode
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how this is done, whenever a system is exposed to multiple batches

Manufacturing

the system and contaminate it,

recommended that a qualification

widespread use. Alex McDaniel,

necessitating highly regulated

threshold (QT) of 5 µg/day is

Environmental Monitoring Program

E&L studies to determine what

appropriate for orally inhaled or

manager, Element, noted that

chemicals can be safely delivered

nasal drug products in the absence

while conventional microbiology

through the system. Technological

of supporting general toxicology

testing methods are set to continue

advancements have largely been in

data and an identified potential for

seeing use in the near future, rapid

increasing the accuracy and speed

irritation or sensitization in PDPs.

microbiology has begun garnering

of these studies. For instance,

Apart from PDPs, PQRI also issued

greater interest. Traditional

high-resolution, accurate-mass

guidance for unique considerations

microbiology methods take between

mass-spectrometers (HRAM-MS)

necessary for biologics (4).

7–10 days, depending on duration of
media dual incubation conditions,

have gained popularity as a tool
to understand the structure of

Changes in the cleanroom

a painful timeframe that does not

unknown compounds.

Lastly, cleanroom technologies have

take into account the time it takes

also seen some advancements that

to identify and report microbial

significant change through tightened

are changing how researchers work

infection. Rapid methods would

regulatory oversight, albeit in a

in the cleanroom. Stephen Tierney,

allow for quicker insight (hours, or

somewhat unconventional way.

president, XiltriX North America,

even minutes) into the state of batch

While direct changes to regulatory

noted that certain technologies have

release for various forms of assays,

insight do occur, current guidance is

begun to gain greater prominence

including raw materials, sterility

not necessarily prescriptive; often,

in cleanrooms. One example of

confirmation, water monitoring, and

changes come down to changes in

this is continuous particle counting

active air sampling (5).

interpretation (3). To keep up with

measurements, such as volatile

ongoing regulatory interpretations,

organic compounds, which are

self-governing bodies issue

becoming more broadly incorporated.

recommendations for E&L testing.

Similarly, he also noted that sensors

That said, the E&L field sees

The Product Quality Research

are being put in a single system;

Institute (PQRI), one such institution,

analog magnehelic differential

pushed for several changes in its

pressure sensors, for example, can

most recent recommendations,

now be digitally integrated into an

most notably as it pertains

environmental monitoring system

to a justification and outline

alongside a room’s conditions and

for toxicological evaluation of

particle counters (5).
As it concerns cutting edge

leachables in parenteral drug
products (PDPs) (4). In addition

advancements, there are many

to various other recommended

promising advances that have

procedures, the organization

not yet crested the horizon for
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More on contamination control
Visit PharmTech.com to read more articles on contamination control:

• What Goes Wrong When
API Quality is Compromised?
www.PharmTech.com/view/what-goes-wrongwhen-api-quality-is-compromised-

• Automating Aseptic Processing
Reduces Contamination Risk
www.PharmTech.com/view/automatingaseptic-processing-reduces-contamination-risk

• Cleanroom Cleaning: Proper
Methodology and Determining Efficacy
www.PharmTech.com/view/cleanroom-cleaningproper-methodology-and-determining-efficacy

• In-Use Testing Of
Cleanroom Garments
www.PharmTech.com/view/in-use-testing-ofcleanroom-garments

• Contamination Control for Cell and
Gene Therapies Needs New Analytics
www.PharmTech.com/view/contamination-controlfor-cell-and-gene-therapies-needs-new-analytics

• Designing Incubators for
Cell Therapy Manufacturing
www.PharmTech.com/view/ what-goes-wrongwhen-api-quality-is-compromised-
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CONTROLLING QUALITY FROM START TO FINISH
DR. ROBERT LINDNER, GLOBAL PRODUCT MANAGER ADAPTIQ®

SCHOTT Pharma occupies a unique position in the field of advanced drug containment and delivery solutions for injectable drugs as the
only supplier to control all processing steps from raw materials to ready-to-use containers.
For patients to receive maximum benefits from their medications, it is critical that those drugs are in optimum condition at the
point of administration. This can be achieved only if the strictest quality controls are applied at all stages of the supply chain.
Borosilicate Glass is considered the gold standard for pharmaceutical packaging because of its high chemical durability and
thermal resistance compared with conventional glass types such as aluminosilicate glass. Invented by Otto Schott, the founder
of global pharmaceutical packaging company SCHOTT, Borosilicate Glass is based on two main building blocks, boron oxide and
silicon oxide, and is characterised by a densely cross-linked glass network. It has excellent barrier properties, is inert and has a
low extractables and leachables profile, making it an ideal primary packaging material choice for many injectable drugs, such as
vaccines and biological drugs.
FIOLAX® fulfils all regulatory requirements, including Ph.Eur. and USP, and more than 25 billion containers are sold worldwide
annually. While FIOLAX® clear is the premium standard for primary packaging, FIOLAX® amber offers in addition UV protection
for light-sensitive drugs. Offering high temperature and thermal shock resistance, the products’ low alkali content and outstanding
hydrolytic and chemical resistance minimise the risk of interactions between the drug and the container.
SCHOTT carries out all stages of the production cycle in house, from the melting of the sand and the forming of pharmaceutical
tubing and its conversion into ampoules, vials, cartridges and prefillable syringes, through to delivery to pharmaceutical companies of
pre-sterilised ready-to-use (RTU) containers. This vertical integration enables the company to exercise tight control over the chemical
properties of the glass, the dimensions of the finished containers, and the assured sterility of the containers at the point at which they
enter the fill-and-finish operation.
The past few years have seen a major change in the pharmaceutical manufacturing sector, with biologics now accounting for
approximately three-quarters of all new drugs in the pipeline. Furthermore, treatments are becoming both more personalised
and increasingly targeted at rare diseases with smaller patient populations. These trends have resulted in smaller batch sizes
with a consequent need for more frequent changeovers on fill and finish lines, and therefore greater flexibility on the part of
pharma companies.
One solution to this challenge is to switch from bulk to RTU containers, which can bring both time and cost benefits. In the former,
glass containers are produced and transported to the pharma manufacturer, where they have to be washed, dried and depyrogenated
to ensure the container is safe and sterile for the fill and finish process. However, since all container types have different dimensions,
separate filling lines in separate cleanrooms are needed to handle vials, prefilled syringes and cartridges. This translates to higher
investments, higher operating costs and lower flexibility. In addition, glass-to-glass contact increases the risk of defects, breakage, and
particle generation throughout the process.
In contrast, RTU containers are provided already washed, depyrogenated and pre-sterilised, and ready to go straight into the
filling operation, thus eliminating a significant number steps at the
pharma company. The components are delivered in a ‘nest-and-tub’
configuration, which was first developed for prefilled syringes some
30 years ago. The concept has the added benefit of preventing glass-toglass contact, thereby reducing defects such as scratches, breakages
and the generation of particles.
SCHOTT Pharma’s holistic approach to glass tubing and container
manufacturing is carried through into its SCHOTT iQ® Platform of
high-quality, pre-washed and pre-sterilised RTU containers, which
standardises the industry’s trusted nest-and-tub format for readyto-use syringes, vials and cartridges. The containers are nested and
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placed in a three-inch ISO 11040-7 industry standard tub, covered with a Tyvek® inlay and seal, then packed in a header bag. A
second header bag supplies further protection before the product is sent for sterilisation.
By supplying the whole range of RTU containers ready to be fed straight into the filling line, SCHOTT Pharma reduces the
complexity and maximises the flexibility of the fill-and-finish operation. Washing and siliconisation machines, as well as heat
tunnels, are no longer needed as the ready-to-use containers already come pre-sterilised. There is also a significant reduction
in cleanroom space and thus in the overall total cost of ownership. Furthermore, since the SCHOTT iQ® platform is built in
compliance with all relevant industry standards, many different container formats can be filled on a single highly automated
filling line, which also significantly reduces the intial capital investment and the need for operator involvement.
The use of high-quality standardised packaging can also reduce time-to-market by increasing flexibility to accommodate
new drug development, clinical trials, or scale-up to commercial production, as well as cutting the time required to install,
commission, qualify and validate a new filling line.
The high levels of quality that are already integrated into SCHOTT Pharma’s products and processes further reduce
the complexity of the fill-and-finish operation for pharma companies, as there is neither the need to validate the already
integrated processes, nor to acquire and maintain in-house specialist know-how. This not only enhances the overall quality
of the finished product, but also ensures that it is fully compliant with the increasing regulatory requirements for sterilizing
primary packaging and meets the latest regulations.
SCHOTT iQ® consists of three distinct primary packaging types:
• syriQ® prefillable syringes: designed to meet the stringent and evolving
needs of the pharmaceutical and biotech industries, the glass syringes
are manufactured on fully automated production lines and are washed,
siliconised, assembled with a luer lock and tip cap closure or staked needle
and needle shield, and supplied ready for the fill-finish process.
• cartriQ®: SCHOTT Pharma’s cartridge-handling system ensures optimised
container processing, widespread device compatibility and user-friendly
performance. It offers sterility assurance, low particles and optimum gliding
force, combined with a low level of cosmetic defects and less risk of breakage
during filling and at point of use.
• adaptiQ®: these vials are pre-washed and pre-sterilised and can be filled on a
wide range of existing and new fill-and-finish lines. They come in three distinct
packaging options, the tray, the cup nest and the clip nest and are available in
sizes from 2R to 50R; they are also pre-tested with nested closure systems.
All three products, with the exception of adaptiQ® tray, are packed in the same tub using the same nest format. This means
that qualification is carried out only once for all formats, followed by a sequential validation for all container types or formats.
Thus, having validated the 3-inch tub, the container type can be changed easily, because the pre-validated tub is the same.

At a time when global healthcare providers are experiencing pressures
they have never had to deal with before, their suppliers need to
react with greater speed and flexibility to meet demand without
compromising patient safety. SCHOTT Pharma’s holistic approach to
standardising the tried and trusted nest-and-tub format for ready-touse syringes, vials and cartridges increases flexibility, cuts complexity,
and reduces costs along the entire value chain. Together with complete
control of quality from raw materials to finished products, resulting in
enhanced patient safety, this makes SCHOTT Pharma an outstanding
one-stop-partner for the pharmaceutical industry.

Contact details:
SCHOTT Pharma AG & Co. KGaA
Hattenbergstr. 10, 55122 Mainz, Germany
+49 6131/66-0
pharma@schott.com
www.schott-pharma.com
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was published in 2020 (4). Industry
experts say that questions about
how this upcoming ICH guidance will
align with the USP and BioPhorum
documents are yet to be answered.
The Extractables and Leachables
Safety Information Exchange (ELSIE)
Consortium, made up of 33 biopharma/
medical device companies, is also
active in this area and aims to provide
expert input to efforts such as USP’s

Analyzing Extractables
and Leachables in
Single-Use Systems
Standardized risk assessment and analysis protocols
facilitate the comparison of processing equipment components.

new chapter and the in-progress ICH
Q3E, through working groups and
formal commenting processes as
well as white papers, workshops, and
other public meetings. “ELSIE provides
a collaborative environment where
member companies can discuss
and benchmark the approaches that
companies are taking,” explains Lee
Nagao, senior director of science,
regulation, and policy at the ELSIE
Secretariat. Harmonized guidelines

manufacturing editor for
Pharmaceutical Technology
Europe.

E

or compendial chapters are crucial,
xtractables and leachables (E&L) must be analyzed for any product-

because without them, “regulatory

contact material to determine the risk of leachable compounds

expectations can vary depending on

contaminating a drug product. Container-closure systems, which contact

the health authority and the experience

the drug product during long-term storage, are often higher risk than

of the specific [biologics license

process equipment, which has a short product-contact time. Processing

application] reviewer,” says Nagao.

equipment is not exempt, however. As polymer single-use systems (SUS)

Standardized protocols help in

are increasingly being used in biopharmaceutical manufacturing, there is

setting baselines and comparing

a growing need to analyze E&L of this equipment. Industry organizations

differences. For end-users of SUS,

and consortiums have worked to standardize analysis protocols that

standard protocols facilitate “like-

can be used throughout the supply chain. Standard methods facilitate

for-like assessments between each

comparison between suppliers.

supplier’s single-use technology (SUT)

BioPhorum, for example, first published a standardized extractables

Rosen, vice-president and general

organization was previously known as BioPhorum Operations Group

manager of bioproduction at Thermo

(BPOG), the protocol is often called the BPOG protocol. SUS suppliers

Fisher Scientific.

can use the protocol to measure the extractables in representative

Extractables testing of the

components. The purpose of the extractables testing information

materials or components is used to

package, says BioPhorum, is “to allow the SUS end-user to rigorously

identify which leachables might come

estimate the types and amounts of leachables that could be generated

from the material under standard

by the SUS component during its intended use” (1).

conditions and in a simulation study.

Another set of standard methods was recently published in the

A challenge, however, is that different

United States Pharmacopeia (USP). USP General Chapter <665> Plastic

leachables could be formed during

Components and Systems Used to Manufacture Pharmaceutical

sterilization, storage, or use.

Drug Products and Biopharmaceutical Drug Substances and Products

“Key challenges in characterizing

was published in 2022 (2), but the date for it to come into effect was

E&Ls include identifying unknown

postponed to 2026. USP’s accompanying procedural chapter <1665>

molecules that arise during primary

became official on 1 May 2022 (3).

sterilization of the SUT products,”

A key aspect of the BioPhorum and new USP documents is the use of
risk assessment for end-users to determine the risk level of a component
in a particular process. The analysis method depends on this risk level.
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products and components,” says Dan

protocol in 2014, which was updated in 2020 (1). Because the

says Rosen.
The response of materials to
commonly used gamma irradiation

The International Council for Harmonisation (ICH) is working on a

is generally well established, but

document related to E&L testing. A final concept paper for ICH Q3E

due to limitations in capacity for
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gamma-radiation sterilization, X-ray

contract labs to create experiment

chromatography (HS-GC) coupled with

sterilization is being considered as

designs that are compliant, says

high-resolution mass spectrometry

an alternative (5). Current theories

Dujuan Lu, manager and global lead

(HRMS) or flame ionization detection

suggest that the E&L profile should

of extractable and leachable testing

(FID). Semi-volatile organic

be similar after X-ray or gamma

at SGS Health Science. SGS labs are

compounds can be measured with

sterilization, but it is important to

following the USP <1665> procedures,

direct sample injection in GC-HRMS/

perform extractables testing, says the

because these have been official since

FID. Non-volatile organic compounds

Bio-Process Systems Alliance (BPSA).

May 2022, but the postponement of

can be measured with ultra high-

USP <665>’s official date is helpful for

performance liquid chromatography

Cell and gene therapies

the industry, Lu says. “The transition

(UHPLC) coupled with HRMS and

BPSA published a guide for E&L in

period gives pharma/biopharma

a photodiode-array detector.

cell and gene therapies (CGT) in

manufacturers time to requalify as

“Unknown identifications are crucial

July 2020 (6) to support companies

needed. We are seeing lots of activity

for the extractables testing, so

developing manufacturing lines for

now because clients want to be ready

high-resolution mass spectrometers

scale up or scale out. “Since CGT was

for 2026,” she explains.

are recommended for both GC

a new modality, the drug developers

Some clients want to cover both the
USP and BioPhorum protocols, says

that elemental impurities can be

single-use components for economic,

Lu, who explains that the two differ

measured with inductively coupled

safety, and technical performance.

slightly in recommended solvents for

plasma-mass spectrometry.

This [situation] led to a need for BPSA

acid and base conditions. Lu points

Calculating the analytical

to help coordinate a guide to assist

out that USP considers the different

evaluation threshold (AET) for

developers on appropriate choice

solvents for acid conditions to be

processing equipment is another

of materials and components for

equivalent; for the base conditions,

challenge. “The AET is set up based

their process development,” says

USP recommends choosing the alkaline

on the toxicology concerns; above

Brendan Lucey, chair of BPSA’s CGT

solvent depending on the specific

[the AET], analytes need to be

Committee. CGT processes differ from

process pH value.

identified and quantified for health

other biopharma manufacturing using

risk assessment,” explains Lu. “The

SUS because in classical biopharma,

Designing extraction studies

instrument detection limits need

process-related impurities, including

Design of extraction studies for

to be at, or lower than, the AET to

process-equipment related leachables,

single-use components is complicated

make sure all compounds above the

are removed in the downstream

by multi-component assemblies

AET can be detected. The process

purification process. In CGT processes,

and complex geometries. “The

equipment AET is typically calculated

however, there may be washing steps,

recommended ratio of surface area to

based on the final product AET by

but not the same kind of downstream

volume is 6 cm²/mL. Calculating the

applying the dilution factor during

purification. Because of this process

surface area is straightforward for a

the process. The difference

set-up and the variety of contact

tube or a bag, but can be challenging

between the batch size and the

surfaces and contact times, E&L

for a connector or valve, for example,”

extraction stoichiometry during the

testing to assess and then control

explains Lu. In designing an extraction

extractable study will be considered

leachables is crucial, concluded BPSA

study for single-use filters, both the

during the calculation.”

(6). The type of polymers used in SUS

housing and the membrane must be

for CGT manufacturing also differs

evaluated. “The procedure depends

Questions remain

from classical biopharmaceutical

on the shape. For a capsule filter,

To perform risk assessment, it is

manufacturing. In particular, the

for example, we can fill the filter

crucial to have a good understanding

report noted that polyvinyl chloride

with solvent and cap the ends. For

of the manufacturing process.

(PVC) polymer may be used in

a smaller filter, we might need to

“[Understanding] any clearance,

transfer bags and tubing sets in CGT

remove the membrane and submerge

concentration, or dilution steps [is]

collection, processing, and storage.

it in solvent,” explains Lu.

critical, particularly to help narrow

Because flexible PVC typically contains

30

and LC testing,” says Lu. She adds

were almost exclusively using

Because many different polymeric

down the number of materials requiring

plasticizers and other additives that are

materials are used to construct

not present in other polymers used in

single-use components, the

SUS, leachables from these additives

extractable profile is complex and

about what point in the process a

should be considered (6).

multiple analytical techniques are

risk assessment should begin, how

needed to identify and quantify the

to define component risk, and what

Adapting to changes

compounds, says Lu. She explains

the minimum data would be to qualify

The rapid pace of change in guidelines

that volatile organic compounds can

low-risk components. “For example,

has required a quick response by

be measured with headspace gas

gaskets, seals, or connectors used

Pharmaceutical Technology Europe

OCTOBER 2022

PharmTech.com

in-depth characterization,” says Nagao.
Questions remain, says Nagao,

Analytics

upstream of a [filtration] step will
be inherently low risk and unlikely
to contribute significantly to the
leachables profile. Is it necessary, then,
to fully characterize the extractables
profile? This [type of question] is
where a harmonized guidance that is
implemented across the globe, perhaps
based on risk-management principles,
would be helpful,” Nagao suggests.
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NIBRT Study Assessed Single-Use Bags
The National Institute for Bioprocessing Research and Training (NIBRT) assessed the extractables and leachables (E&L) in
34 single-use bags used for cell cultivation in biopharmaceutical manufacturing; the bags were from different manufacturers and represented eight different types of multilayer films (1). Bags were extracted according to the BioPhorum Operations Group guidelines (2), and the extracts were analyzed using high-resolution mass spectrometry (HRMS) methods.
NIBRT researchers found that polymer type and manufacturing date were the largest contributors to the different E&L
profiles found in the different bags. The researchers noted that the types of additives or manufacturing processes for the
plastic bags could change, which could change the nature of E&L.
NIBRT researchers have also implemented a method based on accelerated solvent extraction (ASE) and HRMS for
plastic raw material extractables characterization, which is a crucial first step in assessing suitability for an intended
use (3). The use of ASE for material selection follows industry best practices for conducting controlled extraction studies.
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standard provides specific guidance
on the microbiological control
of clean controlled environments
across a broad range of industries,
including pharmaceuticals.
This standard uses a PDCA
(plan, do, check, act) approach
to establish and demonstrate
microbial control through the

The Future
of Pharmaceutical
Environmental
Monitoring in Europe

development and implementation

A blended approach to newly revised regulatory guidance
to inform environmental monitoring programmes is essential.

on measurement methods.

of a microbiological EM plan. The
standard provides guidance and
information on good science in
microbial contamination control, and
the use of data specifically in clean
controlled environments across
graded areas. To help achieve this
high level of microbial control, the
standard also offers in its multiple
appendices a wealth of information
By ensuring compatibility and
integrating EN 17141’s fine-tuned

Hamish Hogg
is microbiology product
specialist at Cherwell
Laboratories.

E

focus with the more holistic, risknvironmental monitoring (EM) in pharmaceutical manufacturing

based whole facility guidance of

already plays a vital role in ensuring the safety of patients

GMP Annex 1, the combination

and the efficacy of drugs. The publication of the new version

of both regulations offers a

of the European Union (EU) good manufacturing practice (GMP)

robust foundation from which

Annex 1 guidance, and EN 17141:2020, will now further shape EM

to mitigate the challenges of

programmes when manufacturing sterile medicinal products in the

contamination risk and build an EM

United Kingdom and Europe moving forward. All manufacturing

programme specific to an individual

facilities are different, so every facility must review, develop, and

manufacturing facility (3).

adopt a holistic EM programme that is specific to their individual
risks in line with these regulations.

The scope of EM
The initial considerations on the

What is the purpose of Annex 1 and EN 17141?

scope of EM required are the same

In short, both EU GMP Annex 1 and EN 17141:2020 provide

for all facilities; the programme

guidance on establishing and demonstrating the contamination

should be based on GMP Annex 1

control necessary to ensure the microbiological safety of final

risk-based assessment using the

product. As such, both regulations contribute significantly to

QRM model. This would assess what

the rules now governing the manufacture of sterile medicinal

could cause contamination in final

products in the UK and Europe.

product, establishing which areas

Annex 1. The greatly heralded EU GMP Annex 1 revision was

and processes throughout the entire

at last published on 25 Aug. 2022 (1). As part of EU GMP, Annex 1

facility pose the biggest risk and how

applies to the manufacture of sterile products and its purpose is to

they can be controlled.

product”—ultimately minimizing risk to patient safety.
To mitigate risk of contamination during the manufacture of

requirements of Annex 1 as best fits

sterile products, the Annex states that the principles of quality risk

them. For example, critical processes

management (QRM) should be used to look at risk as a whole across

and their duration should be defined,

a facility and that a holistic contamination control strategy (CCS)

such as where product is being

should be established. The CCS should inform the pharmaceutical

manipulated by technicians. This in

quality system (PQS) on specific facility requirements and directly

turn would dictate the combination

influence the environmental monitoring programme deployed.

of monitoring methods utilized and

EN 17141:2020. EU standard EN 17141 replaced ISO 14698 in 2020
with regard to biocontamination in cleanrooms in Europe (2). The
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Individual facilities must
work through and interpret the
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frequency of sampling needed in
different areas, with the ability to

Photocreo Bednarek - Stock.adobe.com

“prevent microbial, particulate, and pyrogen contamination in final

Quality/Regulations

identify to species level, particularly

and therefore warrant increased

if there is an organism that can pose

monitoring. Additionally, the new

part of the aforementioned holistic

a threat to that facility. The new

guidelines now contain a ‘utilities’

CCS approach to establish a series

Annex 1 also includes a clause which

chapter, outlining required equipment

of linked events and measures

encourages the consideration of the

and highlighting the need for the

to deliver collective monitoring

use of new technologies, such as

regular monitoring of equipment that

effectiveness. Equally importantly,

rapid microbiological methods (RMM)

may directly or indirectly come into

this strategy needs regular review

and viable particle counters, if these

contact with a sterile product. This

as processes or equipment change,

might better support specific EM

includes water systems, steam used

or new sampling techniques and

needs at a facility.

for sterilization, compressed gas, as

technology come to market which

well as vacuum and cooling systems.

merit consideration.

In essence, an organization must

All of these factors need to form a

be able to provide a robust rationale
on its own in-depth interpretation
of Annex 1 guidelines to justify to
inspectors that it has created the
best EM programme to address the
specific contamination risks within
their individual manufacturing facility.

Core EM programme
requirements

Hot. Hotter.

Chili

It goes without saying that Grade A
cleanroom critical processing poses
the highest risk to final product sterility
and is therefore a key consideration
for any EM programme. The ideal basis
to formulating an EM programme for
this environment would revolve around
particle detection, bio-detection, and
microbial identification.
The most effective programmes
encompass a combination of
monitoring techniques to minimize
risk. For example, there are particle
counters that can rapidly meet ISO
14644 cleanroom requirements for
particle detection and concentration
quantification. However, to meet EN
17141 biocontamination regulations,
viable particle detectors using
fluorescence methods to deliver realtime results, as well as methods using
agar that support microbial culture and
subsequent identification, can both
be employed. Agar-based methods
encompass an array of equipment,
including settle plates, contact plates,
swabs applied to agar, as well as air
samplers or monitors.
Bearing in mind the requirements

Inspired by temperature
With the new Chili, Huber Kältemaschinenbau
presents a compact, low volume, hydraulically
sealed heating thermostat for use with closed
temperature control circuits from +65 to +300 °C.
Find out more: www.huber-online.com

of Annex 1 for a holistic approach
to EM, the Grade B, C, and D areas
surrounding a Grade A critical zone
must also be considered as to whether
they might pose a risk, particularly
adjoining Grade B environments,
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Figure 1: An example of a slit-to-agar continuous monitoring system,
the ImpactAir range of microbial air monitors.

or equipment. The reports should
also contain information on viable
and non-viable particulates, pressure
differentials, temperature and
humidity, direction of air flow, and
surface microbial contamination.
The contamination and viable
particle information will then inform
appropriate action and alert limits
for the facility. Drilling down further
with regard to microbial monitoring,
consideration should also be given to
sampling efficiency and proximity—
ultimately it is essential that
organizations can be confident in
the quality of their results to be in
control of a facility.

Right methods
for the application

be necessary; that said, if a lower
cost passive agar settle plate option

and addressed any potential

The methods, techniques, and

is used, is it effective in the location

weak points in their current EM

technology selected for measuring

deployed (e.g., due to air flow

programme, they should next

microbial contamination within an EM

patterns), or can it be compromised

consider the equipment and protocols

programme will vary in accordance

by being stepped on?

needed to enable them to implement

Rapid methods. RMM do offer

facility and its different areas, and so

real-time information and enable

must be considered accordingly.

contamination to be detected

deemed necessary.

immediately, thereby supporting

Continuous air monitoring

are in fact very different. Sampling

the possibility of rapid release

Notably now, both Annex 1 and EN

using a portable sieve-based air

of finished product and cost

17141 require that there must be a

sampler, for example, offers a simple

saving. However, particularly with

reading of zero colony forming units

snapshot at one point in time and

fluorescence-based RMM, it maybe

(CFU) within a grade A facility. This

can be rapidly deployed in multiple

that the organisms detected are

removes any ambiguity, as previous

locations. However, this may not

no longer viable for species

iterations of Annex 1 set the limit

provide an accurate overview of

identification purposes; therefore,

for microbial contamination in these

these areas to really help understand

such methods are only suitable for

environments at an average of

what is happening. Whereas

early detection applications.

less than one CFU. Therefore, any

Sampling vs monitoring. The two

monitoring devices used must be

monitoring, which can use a slit-toagar active air monitor (Figure 1) that

Changes to EM

capable of detecting as few as one

continuously samples onto a rotating

One of the key changes that Annex 1

CFU, as this level of sensitivity is

agar plate, offers real-time ongoing

is driving in Grade A cleanrooms

crucial for compliance. Organizations

information over a period of over four

is a demand for higher levels of air

must also be confident that a negative

hours that can follow a process or

monitoring, due to its requirement for

result indicates no microorganisms

campaign from start to finish.

continuous monitoring in these critical

present, rather than they simply

areas to prove stringent environmental

haven’t been detected, either due to

a variety of differing passive and

control and reduction of contamination

sampling or biological issues.

active monitoring methods, but, be

risk. As organizations must now

they simple agar plates, active air

comply with this, they should

microbial samplers and monitors is

samplers, or rapid microbiological

evaluate the comprehensiveness of

an important consideration; although,

methods (RMM), there are some key

their current EM programme to fully

it should be noted that a quoted D50

considerations around all of these

understand what they may be missing

value is just part of the equation. D50

options. The D50 and the achieved

or need to change.

only refers to the physical collection

Passive vs active. There are

particle size to be monitored is one

34

continuous monitoring where

For this, detailed reports should

The collection efficiency of

efficiency relating to particle size,

aspect. Also, what is appropriate

be compiled on the methods

that is the particle size at which 50%

for a particular area? For example,

and frequency of monitoring

collection efficiency is achieved.

if it is low grade, then using a more

conducted, and documenting when

The second element is biological

expensive active method may not

any changes are made to procedures

collection efficiency relating to
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FIGURE IS COURTESY OF CHERWELL LABORATORIES.

with factors specific to an individual

Once a manufacturer has identified

Quality/Regulations

microorganism viability potentially

protocols designed to prevent

ensure that they fully understand

due to sample desiccation, which is

contamination with continuous

their environments and associated

just as important as D50.

microbial air samplers which can

risk across an entire facility.

Within grade A areas, Annex 1

be readily adapted to meet the

In addition to the adoption of

also requires that any EM excursion

individual needs of different

continuous EM programmes, these

event should be investigated and the

manufacturing facilities.

in turn should also be continually

microorganism identified to build data

reviewed and risk assessments

and enable trending investigations;

In summary

made, taking the data collected to

therefore, continuous monitoring

Although EU GMP Annex 1 is a key

monitor what is and isn’t working

methods must enable this. As

driver to changes in EM programmes

to establish if there are areas that

traditional agar is a component of air

in pharmaceutical and sterile

require improvement on an ongoing

sampling equipment, it is possible to

medicinal product manufacturing

basis. With the tighter regulations

subsequently grow and identify viable

facilities to minimize contamination

now in place driving the move to

organisms. It can also support the

risk in final product, EU EN 17141

continuous EM, establishing how

maintenance of environmental strains

offers important guidance too.

to monitor, report, and counter

for a particular facility as part of the

Therefore, a blended approach to the

identified risks is now crucial.

release criteria in growth promotion

review and use of new regulations to

testing, ensuring that a base line flora

inform EM planning and programming

could definitely be detected.

is fundamental.

Implementing continuous

Organizations should match
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monitoring rapidly and effectively

monitoring methods with their own

to ensure that facilities meet the

facility to ensure that they are using

requirements of the new Annex 1

the best application to mitigate risk

standard is very possible. As

of contamination. Furthermore,

discussed, this can be achieved by

they should take a step back and

understanding the overall collection

adopt a holistic approach to their

efficiency, and combining validated

contamination control strategies to

Development —

to reformulate a drug product to

oxidation. Innovative approaches

Contin. from page 15

be administered in an alternative

to formulation design are often

way. “Often the focus of a change

required to overcome these

in the route of administration for

challenges.”

Providing another example,
Jagdish points out that when

a biological medicine is to enable

developing a fixed-dose

a change from a time-intensive

reformulation routes, such as

combination therapy from

intravenous administration to a

updating the excipients or the

two independently approved

single subcutaneous injection,”

manufacturing process to extend

drugs, demonstration of the

Jezek confirms. “This [change]

the product’s line, Jagdish states.

bioequivalence can also be tricky.

requires developing a highly

“Reformulation in these cases

“Here, in addition to maintaining

concentrated formulation of the

often simply involve step changes

bioequivalence with the two

product that can be delivered via a

in the production process or the

existing single-dose products,

small volume in a single injection.”

preparation of ingredients to

companies have to ensure the

However, by reducing the

Yet, there are relatively easier

enhance product quality or to

compatibility of the two drugs when

volume of injectable product, the

improve manufacturing efficiency,”

in the same formulation,” he says.

viscosity can become problematic.

he specifies. “New ingredients are

“Challenges that need to be

not generally involved, reducing the

molecules, Jagdish emphasizes

overcome in developing these high

number of challenges that need to

that additional challenges—when

concentration formulations is high

be overcome.”

compared with those facing small-

viscosity (which can make the

molecule formulators—need to

product too difficult to inject) as

be addressed. Challenges such as

well as the propensity of proteins to

solubility, absorption, and stability,

aggregate (resulting in the formation

he specifies.

of particles, which are unacceptable

When reformulating large

Because large molecules are

in pharmaceutical compositions),”

commonly administered via

Jezek explains. “In addition, proteins

intravenous injection, it can be

are subject to chemical degradation

desirable and more patient-friendly

such as hydrolytic cleavage or
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manufacturing capacity until
the pipeline matures to fill this
capacity? Is there enough activity
to maintain a workforce engaged
and in a sufficiently-trained state?
Are the process and analytical
technology used rapidly
evolving and requiring frequently
updated equipment, methods,
training, etc.? An organization
must also determine
whether there is a budget
to maintain state-of-the-art

Choosing the Right CDMO
for CGT Programmes
Whether biologic manufacturers decide to outsource or develop
products internally, the quality of a CDMO partnership is critical
to success, especially for cell and gene therapy products.

manufacturing technology.
If the decision is to partially or
fully outsource the activity based
on the assessment of these various
factors, the choice then becomes
what CDMO to work with. In many
sectors of bioprocessing technology,
there are usually many contract
service providers to choose from,
and some larger CDMOs offer

Brian Mullan
is the chief technical

I

services across a disparate range of
n the past 20 years, the contract development and manufacturing

technologies and platforms.

organization (CDMO) sector has grown strongly—initially in chemical

manufacturing (outsourcing capacity for specialized manufacturing

Cell and gene therapies

an SK Pharmteco

chemistries) and more recently for biopharmaceutical manufacturing,

The area of cell and gene therapies

company.

as parts of this sector have matured (e.g., monoclonal antibody

(CGTs) is an interesting case to consider

therapeutics [mAbs]) (1).

for “make versus buy” decisions. The

officer of Yposkesi,

field is immature but evolving rapidly.

Choosing a CDMO

While products have been developed

When (or whether) to work with a CDMO for all or part of bioprocessing

since 2000, approvals have only started

development needs, or whether to keep these activities in-house, has

in earnest since 2017. Even with six

been the subject of many articles, reviews, and discussions (2–9). These

product approvals in 2021 (10), the

reviews, principally in the trade media, have dealt extensively with

peak of such approvals is yet to

thematics such as scope, expertise, capacity, quality systems, and risks

come (10, 11). The understanding of

when evaluating whether to develop and/or manufacture biotherapeutics

how the products work is currently

in-house or outsource these activities to an external partner.

weak (e.g., dosing as well as the

decision comes down to some key considerations (see also Figure 1):
• Expertise. Determine whether the necessary expertise/

adeno-associated virus empty/full
capsids issue [10]), which manifests in
a general sentiment around chemistry,

capabilities exist in-house. This can include at a minimum scientific

manufacturing, and control (CMC)

and technological expertise but can also extend to associated

challenges for these programmes.

expertise, such as the ability to translate the manufacturing and

As this continues to rapidly evolve,

analytical technology into current good manufacturing practice

it will have a profound effect on the

(CGMP) mode, scale it up, or support regulatory activities (e.g.,

choice of manufacturing and analytical

dossier submission).

technology (10). This complexity

• Capacity and technology. Is the analytical and manufacturing

and state of product understanding

technology at the necessary scale and standard to develop and/

also put a premium on the quality of

or produce the product at the required volumes? Is this capacity

any partnership with a CDMO (i.e.,

available now, or is it being built and will only come online in a

capability, experience, and reliability).

couple of years’ time?
• Economics. Is the product pipeline sufficiently developed to utilize

36

Costs and control

internal capacity (based on current or future anticipated capacity

Concerns about perceived high costs

needs)? What is the financial capacity? Is it sufficient to carry idle

of CGT manufacturing and the level
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Among many of these factors that could be considered (2–9), this

curiosity

cure

The journey to breakthrough medicine is never simple. But the right CDMO partner can ease your
path with scientific excellence, relentless curiosity and expert, reliable delivery. For decades,
Curia—formerly AMRI—has accelerated our partners’ work, from research and development through
commercial manufacturing. Together, we can turn life-changing potential into life-changing progress.
Learn more at curiaglobal.com/curiosity.

RESEARCH & DEVELOPMENT

COMMERCIAL MANUFACTURING

LAB TESTING SERVICES

CONSULTATIVE SERVICES

Outsourcing

Figure 1. Key decision criteria for “make versus buy” (performing internally or outsource) in
biopharmaceutical product development.

“Make”

Hybrid

(develop and manufacture internally)
Points to consider:
• Large and promising product pipeline
• Financial capacity
• In house CMC (Dev, Mfg, Reg) expertise

(outsource)

• Short/medium term capacity issues
• Need for additional expertise
• Retain specific / key products internally

Key questions:
• Capacity and technology:
• Expertise:
o Do you have the necessary expertise /
o Do you the technology and the necessary
capabilities in house?
scale to develop and produce the product
o Can you translate the technology to GMP
at the required volumes?
mode, scale it up, and support regulatory o Is this capacity available now, or in a
couple of years’ time?
activities?

of control over the CMC programme

“Buy”

(selective / focused outsourcing)

• Smaller / focused product pipeline
• More limited financial capacity
• Lack of in-house expertise

• Economics:
o Is your product pipeline well-developed?
o Do you have the financial capacity to carry idle capacity
until your pipeline matures?
o Do you have enough activity to maintain in a trained state?
o Is the technology you work with rapidly evolving?

drug categories (e.g., for mAbs). This

enables more direct control and—as

are frequently evoked, as many
approach is typically applied more
such—more reliable outcomes.
Figure 1. Key decision criteria for “make versus buy” (performing internally or outsource) in biopharmaceutical product
programmes
are currently outsourced
rigorously for commercial supply of
This may not always be true. It
development.
to CDMOs as developers build up their

biopharmaceuticals, whereas in the

is unlikely that quality standards

own internal capabilities. There is also

clinical supply phase costs are more

or reliability are significantly lower

a strong sentiment around the lack

typically on a per-batch basis with

at CDMOs than for comparative

of available capacity, which is more

sometimes no guarantee of fixed

internal performance. For larger

specifically related to slot availability

yields as the process may be under

pharmaceutical companies, whether

and turnaround time. For example, a

development and its performance

in new product platforms or on more

requested turnaround time of six to

continuously evolving. As a drug

mature product classes, everything

nine months from an order to batch

developer, these costs may seem

doesn’t always work perfectly all the

completion, as opposed to a proposed

elevated—especially if associated

time. Sometimes, mistakes are made.

12- to 18-month turnaround time,

with no commitment to final yield—

It is important to consider how issues

which may not be coherent with overall

when presented with them for the

arising externally at CDMOs would be

programme timelines.

first time by a contract service

viewed if they occurred internally. As

provider. But in many cases, these

such, the bar may be set higher for a

in the CGT area can sometimes appear

costs are similar to or lower than the

CDMO in relation to what would be

to be high but may, in fact, not be

developer would otherwise experience

accepted in-house.

so different from the comparative

doing everything in-house.

costs of doing this internally. In
general, even for large pharmaceutical
companies using a sufficiently
platformed process and operating
in an efficient manner, the cost for
manufacturing biopharmaceutical
drug substance batches (e.g., mAbs)
is often in the millions of euros per

Deciding whether to
outsource or insource
Let’s break this down and examine
working with CDMOs from the
perspective of a large organization
as well as from the perspective of
small biotech companies. For a large
company with the financial means and

When considering perceptions

a deep and promising product pipeline,

this cost is for the associated drug

around control, it is often a point of

it might make more sense to insource

product batch. The key drivers for

frustration for product developers

if a company has the financial capital

these costs are facility utilization

that issues arise at contract service

to construct, buy, or reconvert the

(asset costs and depreciation, utilities,

providers that create problems for

necessary facilities (manufacturing

etc.), people, and raw materials. The

their programmes. It is true that such

and testing) and recruit, train, and

economic efficiency of the process

setbacks can have a serious impact

develop the different supporting teams.

can be quoted as X$ per Z gram of

on the overall product development

Depending on how companies with

DS (or X$/DP vial), with the process

timeline and even the financial viability

scale and financial means see their

deemed to be more efficient with

of the company. This may lead to the

pipeline developing in the coming

higher yields, and the X$/Zg or vial

belief that CGT CMC activities are

years, perhaps the “make” decision

can be benchmarked across similar

better performed in-house, as this

is the best one. But with all of this

batch, and approximately 50–70% of

38

If the decision is to
partially or fully
outsource the activity
based on the assessment
of these various factors,
the choice then becomes
what CDMO to work with.
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The costs of working with a CDMO

Outsourcing

(facilities, trained personnel, etc.), large

technology). The outcomes of these

complex and high-stakes decision,

companies must be ready on time for

two models are not always the

which can have a profound impact

their product pipeline and also consider

same for companies who work with

on the success of a product

their competitors’ products (and their

large or complex products (such as

development programme. Many

anticipated arrival to market). If the

gene therapies), as serious issues

factors should be considered in

timing is not coherent with the product

can result in a need to change

such an evaluation; but in many

milestones, maybe a medium-term

the manufacturing site, which is a

cases, this comes down to key

partnership with a contract service

costly endeavour that can create

considerations around expertise,

provider can be a prudent choice (a

significant delays to overall product

capacity/technology, and economics.

“hybrid” model). This could allow a

development programmes. As

CGT products raise additional

company to continue to develop a

such, many product developers

dilemmas. Different situations,

product internally in alignment with

assess potential CDMOs over a

such as internal capacities and

their chosen platform (manufacturing

longer-term horizon, even though

capabilities, may direct companies

and analytical) while supplying clinical

the initial phase of work may only

toward different choices, either in

material via a CDMO. CDMOs are

entail early process development or

the short or long term. If the decision

generally quite flexible in this regard

the generation of material for pre-

is to outsource, a quality-focused,

and can adapt to different platforms.

clinical evaluation. Oftentimes, the

partnership-based approach is

On the other end, many younger

evaluation process, even for early

critical to future success given the

and/or smaller biotech companies

phase activities, can include an

complexity of the products and

may not have the relevant skill set or

assessment of how the programme

the technological and regulatory

experience to guide their own CMC

can evolve over different stages of

evolution of the CGT sector.

activities. In some cases, the team is

development, three to five years into

focused on the direct product aspects

the future.

(clinical evaluation, fundraising, etc.)

The following questions are often

and does not have the capacity or

raised to CDMOs for early-stage

experience to develop and drive the

programmes (and lead to long-term

CMC programme. An experienced CMC

success for product development):

professional can be brought on board
to enable the company to develop
the CMC program, but they may not
have experience in all relevant areas.
As such, working with a CDMO may
be the prudent choice here. A key
consideration for these companies
may be manufacturing and analytical

• How do you approach process
characterization and process
validation?
• Can you support us with
regulatory dossier writing?
• What prior experience do you
have in doing this?
Lastly, one key advantage of

portability, as the company or its

working with CDMOs that merits

product assets may be acquired in

highlighting is that they have

the future by another company that

generally gained a lot of experience

already has internal CMC capabilities

across multiple different projects.

or is working with a different preferred

In many cases, they have seen and

provider, and the transfer to another

learned things in previous projects

provider should not be a blocking

that can be of benefit to your

point for a potential deal (between

project (while maintaining client

the biotech company and the

confidentiality and respecting IP).

acquiring company).

It’s the type of experience that other

Many product developers today

companies may not yet have gained

are looking to enter into a partnership

in-house, but it may be key to the

with a CDMO, and not just a

success of a programme. This usually

transactional relationship. There is a

has many benefits when evaluating

profound difference between these

concerns around control and costs,

two approaches: fee for service

which are both related to experience

versus a partnership based on trust,

and capabilities.

understanding, and shared view

In summary, choosing whether to

that is intended to run over a longer

internally develop and manufacture

term (whether for one product or

biopharmaceutical products or

several products based on similar

to outsource these activities is a
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Contin. from page 42
comparison demonstrating the difference between regulatory
compliance and real compliance is having an organization chart
that separates quality and operations vs. having that same
organization chart supported by SOPs that demonstrate quality
has the responsibility and authority to operate independently.

Another practical example
of regulatory compliance
vs. real compliance is
examining how a company
approaches investigations.
Here’s a more practical example of regulatory compliance
vs. real compliance. US 21 CFR 211.25(a) requires “Each person
engaged in the manufacture, processing, packing, or holding of
a drug product shall have education, training, and experience
or any combination thereof, to enable that person to perform
the assigned functions.” A regulatory compliance approach
would be to offer every employee annual GMP training and
document their attendance. A real compliance approach would

be to provide effective training to the employees by assessing
their comprehension of the material and offering follow-up
training as necessary.
Another practical example of regulatory compliance vs.
real compliance is examining how a company approaches
investigations. A strictly regulatory compliance approach to
an investigation results in a firm not determining the true
root cause of an issue because the focus is on completing
the investigation in a self-imposed time frame instead of
focusing on the quality of the investigation. Real compliance
organizations focus on determining the true root cause(s) and
using that information across their manufacturing facility to
drive continuous improvements and prevent recurrence of the
deviation that prompted the investigation.
Taking a regulatory compliance only approach to operations
may be less expensive in the short term, but in the long term it
will most likely result in more expenditure to fix the problems
that could have been avoided if a real compliance approach
was implemented throughout the organization. PTE

Your opinion matters.
Have a common regulatory or compliance question?
Send it to shaigney@mjhlifesciences.com, and
it may appear in a future column.
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GMP Lab
Solving global challenges

ask the expert

Regulatory Compliance
Versus Real Compliance
Susan J. Schniepp, distinguished fellow at Regulatory Compliance Associates,
addresses the difference between regulatory compliance and real compliance.
I just attended a meeting where someone
talked about the concept of real compliance.
Can you explain what they were referring to?

A.

This is a great question because I believe there is a
difference between regulatory compliance and real
compliance. Let’s start with what we mean by regulatory
compliance. The current good manufacturing practice (CGMP)
regulations for drugs contain minimum requirements for the
methods, facilities, and controls used in the manufacturing,
processing, labelling, and packaging of drug products.
In the United States, some of the laws are delineated
in section 501(a)(2)(B) of the Food, Drug, and Cosmetic Act,
which states, “A drug shall be deemed to be adulterated if
the methods used in, or the facilities or controls used for,
its manufacture, processing, packaging, or holding do not
conform to or are not operated or administered in
conformity with current good manufacturing practice
to assure that such drug meets the requirements of this
[Act] as to safety and has the identity and strength, and
meets the quality and purity characteristics, which it
purports or is represented to possess.”
US Title 21 Code of Federal Regulations (CFR) Part 211
establishes the regulations based on the law. The regulations
contained in 21 CFR 211 do not tell you how to specifically
meet these regulatory requirements but, rather, tell you
what is expected of your quality management system in
order to achieve compliance to the regulations. The goal of
regulatory compliance is to satisfy the regulations to achieve
a satisfactory inspectional outcome.
Real compliance is how a company interprets the regulatory
requirements and expectations and applies them to their
specific operations. Real compliance is rooted in a commitment
to quality at all levels of an organization. A real compliance
approach takes a high-level view of quality and allows the
organization to put in controls and oversight that helps
prevent deviations from occurring. It also provides a better
understanding of the impact of a deviation when they do occur
during manufacturing. Organizations that adopt a qualitybased philosophy (real compliance) minimize the impact when
deviations of a serious nature occur. Real compliance is the
practical application of a quality management system and how
it is integrated in the facility. The goal of real compliance is to
achieve a sustainable state of control at the facility based on
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scientific principles, best practices, and continual improvement
efforts. The best way to explain the difference between
regulatory compliance and real compliance is to perform a
thorough compare-and-contrast exercise.

The goal of real compliance
is to achieve a sustainable
state of control at
the facility based on
scientific principles, best
practices, and continual
improvement efforts.
The regulations clearly require companies to have written
procedures that are in the form of standard operating
procedures (SOPs). The common language used in 21 CFR 211
to indicate SOPs are required can be exemplified by 21 CFR
211.22 “Responsibilities of quality control unit”, which states
“(d) The responsibilities and procedures applicable to the quality
control unit shall be in writing; such written procedures shall
be followed.” This type of wording can be found is sections
of 21 CFR 211 governing personnel qualifications, building
and facilities, equipment, production and process control,
labelling issuance, warehousing procedures, etc. The regulatory
requirement is met by having SOPs, but real compliance is met
having SOPs that reflect your operations. For example, if you
outsource product testing you would not need an SOP on how
to investigate out-of-specification (OOS) results because you
are not performing that activity. Instead, you might replace
it with an SOP describing how you work with your contract
test laboratory when they are investigating an OOS result
associated with your product. Another example between
regulatory compliance and real compliance is just having a
complaint department vs. having a complaint department that
is manned by employees that understand their responsibilities
and are trained in complaint handling best practices. Another
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Q.

who has excipients for
injectable drug delivery?
—
we do.

Ashland offers excipients for injectable drug delivery with unique functional characteristics that
enable formulators to create value-added medicines with the highest quality standards.
Ashland’s injectable excipient portfolio focuses on long-acting release, stabilization/lyoprotection,
solubilization and rheology modification.
Come and visit us at CPHi, stand 80D81
For more information, scan this code
or visit: ashland.com/parenteral
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FORMULATION DEVELOPMENT IS SCIENCE.
ACCELERATING OPTIMIZED FORMULATIONS THROUGH PHASE I IS ART.
Successful clinical formulations are built on the science of formulation development, clinical manufacturing and
testing, and the art of efficiently optimizing the formulation.
Introducing Catalent Xpress Pharmaceutics™, an advanced development offering that integrates formulation
development, clinical manufacturing, regulatory support and clinical testing to help achieve fast, flexible and
efficient First-in-Human studies. By coupling on-demand manufacturing and adaptive clinical design protocols,
this offering helps optimize and accelerate the overall development process and save scarce API, and the
significant cost and time associated with traditional approaches.
on-demand manufacturing | real-time dose adjustment | better decision making | regulatory support
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