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EDITOR’S COMMENT

P ositive news 

has been issued 

recently regarding 

COVID-19 vaccine 

candidates; however, 

with the ‘smooth’ 

inevitably comes some 

‘rough’, which is in the 

form of increased conspiracy theories around 

COVID-19 and the safety of the vaccines 

being produced. As reported in The Guardian, 

within hours of Pfizer and BioNTech’s vaccine 

development news, where interim results 

showed 90% effectiveness (1), there was a 

surge in anti-vaxxer activity on social media 

seeking to discredit the results (2).

The spread of misinformation on 

COVID-19 vaccines has led to calls in the 

United Kingdom for a debate over whether 

there should be legal ramifications for 

those involved. In the Evening Standard 

it was reported that Neil Basu, assistant 

commissioner, Metropolitan Police, has 

called for discussion over the introduction 

of new laws to punish those spreading anti-

vaccination conspiracy theories (3). “There 

is a debate for society to have about free 

speech and responsibility and people who 

are spreading misinformation that could cost 

people’s lives,” Basu said (3).

Vaccine hesitancy
Vaccine hesitancy is not a new issue and 

is certainly not isolated to COVID-19. A 

recent measles outbreak within Europe has 

demonstrated the ability for anti-vaccination 

campaigns to affect and sway people from 

being vaccinated (4). 

According to a global survey undertaken 

by Ipsos, the number of people who would be 

vaccinated with a COVID-19 vaccine outweighs 

the number who wouldn’t in most countries, 

but some European countries ranked quite 

low in terms of public confidence in vaccine 

safety (5). Notably, Poland, Hungary, and 

France had the lowest rates of intention to 

be vaccinated with only 56%, 56%, and 59% 

of those surveyed, respectively, saying they 

would be vaccinated. The European countries 

that were more inclined to get vaccinated 

were the UK, Spain, and the Netherlands, 

where 85%, 72%, and 71% of those surveyed, 

respectively, indicated an intention to receive 

a COVID-19 vaccine.

Yet, to achieve ‘herd’ immunity, it is 

imperative that a large proportion of the 

population is vaccinated. As reported in The 

European Journal of Health Economics for 

Europe, to achieve herd immunity at least 74% 

of the population needs to be vaccinated (6). 

Therefore, overcoming misgivings and 

improving confidence in vaccination 

programmes are of critical importance to 

ensure overall success.

Vaccine complacency
There is some complacency surrounding 

vaccines. Generally speaking, this 

complacency may be a result of the 

eradication of certain diseases, such as 

polio and smallpox, which could lead to 

forgetfulness as to how vaccines are effective 

tools in epidemics. However, there is also 

a potential ‘blind spot’ in terms of how 

information is being presented and whether 

there is a lack of transparency.

A recent paper, which has yet to be 

peer-reviewed, from The Royal Society has 

specified that the immediate requirement 

for managing public expectations and 

transparent dialogue with the general public 

are essential for effective vaccine uptake (7). 

“We must learn from lessons of history and 

move away from the one-way provision of 

information and instead generate an open 

dialogue that addresses misinformation 

and does not dismiss people’s real vaccine 

concerns and hesitancy,” said Prof. Melinda 

Mills FBA, director of the Leverhulme Centre 

for Demographic Science at the University 

of Oxford, and lead author of the report, in a 

press release (8).

For the bio/pharma industry, total 

transparency, specifically pertaining clinical 

trial information, may have a compromising 

effect, but, continued efforts to build public 

trust and concerted efforts to answer 

questions from the vaccine-hesitant members 

of the public will go a long way to clearing the 

path to positive vaccination opinions. 

Until 2021, stay alert, stay safe, and  

stay healthy.
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EUROPEAN REGULATORY WATCH
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Inspecting GMP  
at a Distance
The success of virtual GMP inspections performed during  
the pandemic may lead to more flexible opportunities in the future. 

A  temporary system, under which good 

manufacturing practice (GMP) inspections have 

been performed virtually or remotely during COVID‑19, 

appeared to have been seen as such a success 

among pharmaceutical companies that they want it to 

become a permanent alternative. The Brussels‑based 

European Federation of Pharmaceutical Industries and 

Associations (EFPIA) said in a recent reflection paper 

that there could be ‘added value’ in retaining a ‘virtual’ 

inspection system beyond the pandemic (1).

Virtual inspections combine the use of paper and 

digital documentation, such as reports on previous 

GMP inspections, and electronic IT technologies, 

such as video conferencing. “We think the pandemic 

situation has demonstrated the effectiveness of using 

virtual inspections as one potential tool to support 

the determination of (GMP) compliance,” Pär Tellner, 

EFPIA’s director, regulatory, drug development, and 

manufacturing told Pharmaceutical Technology Europe. 

“The technology is now fit for purpose and therefore can 

be implemented,” he added.

The principle of virtual inspections is also supported 

by the Geneva‑based International Federation of 

Pharmaceutical Manufacturers and Associations (IFPMA). 

“The term ‘virtual inspection’ applies to inspections that 

are performed off‑site through the use of enhanced 

communication and information technology to fulfil legal 

requirements of on‑site inspections,” IFMPA said in an 

updated document on virtual inspections in July (2).

However, the regulators in Europe are generally being 

cautious about virtual inspections. The International 

Coalition of Medicines Regulatory Authorities 

(ICMRA) has set up a working group on ‘office‑based’ 

GMP inspections led by the UK’s Medicines and 

Healthcare products Regulatory Agency (MHRA). The 

Pharmaceutical Inspection Co‑operation Scheme (PIC/S), 

a regulatory authorities’ organization headquartered in 

Geneva, is holding an appropriately virtual seminar in 

Finland in December 2020 on the subject. 

The current policy of agencies—at least in Europe—is 

that the results of remote, desktop inspections should be 

confirmed by on‑site inspections once GMP inspectors 

can travel freely again. There are doubts among 

regulators about whether distant inspections can be 

sufficiently reliable, even with the help of e‑technologies. 

The European Medicines Agency (EMA), Heads of 

Medicines Agencies (HMA), representing national 

authorities, together with the European Commission 

have introduced a system during the pandemic under 

which the validity of GMP certificates for European 

manufacturing and importing sites for finished products 

and active substances will be extended to the end of 

2021 (3). But it leaves open the question of how the 

certificates could then be renewed.

For new sites and facilities in Europe that do not have 

documentation on previous inspections, GMP certificates 

can be issued on the basis of distant assessments. But 

on‑site inspections should take place once COVID‑19 

restrictions are lifted, according to EMA (3).

Future opportunities
There may be opportunities for a different approach to 

facilities with a history of a high level of GMP compliance 

with which a brief site visit may only be necessary. 

Regulatory authorities are reported to have introduced 

some flexibility into inspection schemes by combining 

virtual inspections with short, targeted on‑site visits, 

according to Tellner.

Changes to some local GMP guidance documents 

may be necessary to bring them up to date with the 

new e‑technologies and then use of virtual methods.  

“We think there is no need to change intentions in GMP 

guidance as virtual inspections can be a tool in addition 

to on‑site and paper‑based inspections,” added Tellner. 

“We understand agencies can issue GMP‑certificates 

(along the lines required by the European Union) 

legislation if the inspector can ensure compliance.”

On‑site inspections by foreign inspectorates could 

become unnecessary or at least be required “only 

in exceptional circumstances,” EFPIA reported in a 

reflection paper on GMP and good distribution practice 

(GDP) inspections, published in May 2020 (1). Instead 

Sean Milmo is a 

freelance writer based in 

Essex, UK, seanmilmo@

btconnect.com.
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desktop assessments could be complemented by “an 

on‑site inspection by an acknowledged local supervisory 

inspectorate,” the paper specified.

“The advantage of an assessment/inspection/

certification by a local inspectorate includes 

knowledge of the site‑specific history, insight into 

culture, optimization of (regulatory agency) resources, 

and benefits from improved inspection logistics 

(e.g., no language barriers, less travel),” the EFPIA 

paper explained.

Advisory tools
Inspectors performing desktop GMP assessments 

already have advisory tools available, mainly provided 

by PIC/S through its 2018 Guidance on GMP Inspection 

Reliance (4). This guidance was originally drawn up by 

ICMRA, which then transferred it to the care of PIC/S.

The guidance was issued in response to the growing 

complexity of pharmaceutical global supply chains, 

which made inspection of overseas sites beyond the 

capacity of national regulatory authorities. The guidance 

helped authorities use inspection reports on sites by 

other agencies as a basis for providing GMP certificates 

without a new inspection.

The guidance suggested ways of vetting the 

regulatory authorities doing the original inspections. 

It also recommended examining the original GMP 

certificates or, when not available, the inspection 

reports themselves, which were often held by the 

pharmaceutical companies whose products were being 

made at the sites.

PIC/S has been reviewing the guidance’s 

implementation based on desktop assessments made in 

2019, after which it set up a working group on inspection 

reliance. “This new working group will investigate 

how to further facilitate reliance and how any barriers 

which may exist can be removed,” explained a PIC/S 

spokesperson to Pharmaceutical Technology Europe.

At the same time, a clear distinction between 

inspection reliance and distant assessment of GMP 

reliance is emerging. While the former is a system for 

relying on another inspection report from another 

inspectorate to avoid a duplicate on‑site inspection, 

the latter is much broader in scope, covering a range of 

information sources whose assessment is considered 

to be equivalent to an inspection. The real‑time 

communication of confidential data in virtual inspections 

also requires its own security measures.

The planning stage in remote and virtual inspections 

is the time when it becomes clear what data and 

documents are required to make a distant assessment. 

A major requirement should be details of the history 

of GMP/GDP compliance and the occurrence of major 

deficiencies, according to the EFPIA reflection paper (1). 

Risks should be assessed taking into account the 

complexity of a site, processes and products produced, 

consistency of output levels, and reported events and 

deficiencies since the last GMP inspection. A key to the 

success of remote or virtual inspection systems is the 

willingness between national regulatory agencies to 

share information with each other and between agencies 

and pharmaceutical companies. 

Political impediments 
Politics could also intervene in the exchange of 

information between national authorities from 

documents. The UK’s regulatory agencies have been 

facing the prospect of having access to information from 

EU regulatory authorities restricted from the beginning 

of January 2021 as the transition period for the country’s 

departure from the EU ends.

Gaining similar access to data from EU countries as it 

had when it was a member of the Union would have to 

be covered by an EU‑UK free trade agreement, which 

was still being negotiated in November with a distinct 

prospect of no deal. Or it would have to be provided 

by a mutual recognition agreement embracing GMP/

GDP standards and inspections, which would take time 

to finalize.

MHRA claimed that any EU restrictions on exchange 

of data would not be a major problem. “[We] will accept 

imports from EU and EEA [European Economic Area] 

countries, which are on an approved country for import 

list, so it is anticipated that relatively limited information 

will be required from these countries,” an MHRA 

spokesman told Pharmaceutical Technology Europe.   

Creating a smoothly operating remote or virtual 

international inspection system with unimpeded 

exchange of information on an agency‑to‑agency and 

company‑agency basis could turn out to be a lengthy 

process.
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high point in March 2020, when the United States 

Food and Drug Administration (FDA) commissioner 

said the agency would be postponing routine on-site 

surveillance inspections (2). 

At the time, shortages were developing for 

commodity drugs, including some that were being 

used to treat COVID-19 and its associated problems. 

Companies that had spent millions to develop new, 

non-COVID treatments could not have post-approval 

inspections performed, delaying progress. “Some 

of our customers were on hold and losing millions 

of dollars each day,” says Devon Copley, CEO and 

cofounder of Avatour, whose remote inspection 

platform focuses on immersive 360-degree video.

Massive shock
“The whole industry went through massive shock. 

Senior managers were concerned about supply chain 

preservation and how to even conduct normal daily 

operations,” says Angelo Stracquantanio, CEO and 

cofounder of Apprentice.io, whose remote inspection 

platform is centred around augmented reality and 

works with smartphones and other mobile devices. 

“There were questions of how to handle tech transfer, 

factory and site acceptance tests, and regulatory 

inspections when the world was no longer travelling,” 

he says. Apprentice.io responded in March 2020 by 

T he late United States President John F. Kennedy 

once remarked that any crisis represents both a 

danger and an opportunity (1). He had illustrated the 

point with Chinese characters, in an analogy that, like 

his famous Berliner quote, was found to be wrong. But 

the observation that good things can come out of a 

crisis holds true. As the COVID-19 pandemic continues to 

disrupt lives and business operations around the world, 

some drug developers are achieving unprecedented 

efficiency improvements. Despite travel restrictions and 

other limitations, a few have stepped up collaboration 

and slashed development times by 80%.  

Many companies have started to use, or have 

increased their use of novel technologies—not only 

standard web video-conferencing tools, but platforms 

that incorporate video, augmented and/or virtual 

reality, and features such as borescopes and secondary 

cameras to allow partners and regulators remote 

access to facilities, equipment, and documentation. 

For some companies, these tools had already been in 

use on a limited basis to audit suppliers, troubleshoot 

technical problems with vendors and consultants, and 

improve collaboration with customers. Using them for 

interactions with regulators represented a whole new 

use case. For an industry known for its aversion to risk 

and new technology, the move to virtual technology 

was driven by necessity. Challenges had reached a 

In less than a year, the COVID-19 pandemic has  
pushed more companies—and regulators—to use  
new technologies for remote quality audits and inspections.

Can Pharma Quality 
Go High Tech? 
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Catalent hosts or performs more than 

500 audits each year, new technology 

has allowed Catalent to keep pace, 

while observing social distancing 

requirements, Montano adds. At this 

point, Montano says, regulators are 

taking a hybrid approach, sending 

one or two dedicated team members 

onsite and bringing additional 

inspectors in virtually. “We’ve only 

done a handful of audits that were fully 

remote, but we expect that number to 

increase over time,” he says.

Also going remote for inspections 

and audits is Thermo Fisher Scientific’s 

Pharma Services. The company is 

currently working with a number of 

technologies, focusing on Microsoft 

HoloLens and Microsoft Teams, and 

the use of virtual tour software. 

Live facility tours are filmed with a 

360-degree camera, and 3-D tours 

with a 3-D mapping camera, says 

Sandy Immerman, vice president of 

Information Technology (IT), Pharma 

Services. The company began to move 

in this direction during the fourth 

quarter of 2019 and stepped up efforts 

during the COVID-19 pandemic. So far 

this year, Immerman says, Thermo 

Fisher has hosted multiple regulatory 

inspections and more than 125 client 

audits, focusing efforts on current 

good manufacturing practice (CGMP) 

activities in work that has involved FDA, 

the European Medicines Agency, which 

issued formal guidance on the use of 

this technology last May (3), the Russian 

Ministry of Health (MoH), and the 

Swedish Medical Products Agency. The 

Russian MoH has conducted the most 

remote/virtual inspections, she says. 

Preparation is crucial
Before a remote audit or inspection 

begins, it’s important to establish a 

strong partnership with clients, says 

Deckebach. “You can’t just pull these 

technologies in on day one. Use of 

the technology requires coordination 

and ensuring that the client has the 

right hardware and knows how to use 

it.” In addition, it needs to be more 

scripted than a standard audit if it is 

to succeed, he says. Tech experts will 

be needed on both sides to ensure 

releasing rapid deployment kits, ‘do-it-

yourself’ packages that would allow 

companies to set up the technology 

required for remote inspections 

themselves. Since July, Stracquantanio 

says, usage of the platform has 

expanded by a factor of 17, and new 

site deployments by a factor of ten. On 

17 Nov. 2020, he says, the company 

received €20.4 million (US $24 million) 

in venture capital funding, bringing its 

total to €33.7 million (US $40 million) 

in 2020. During the pandemic, the 

company has worked with clients to 

improve its Tandem platform, and 

recently introduced a Tandem Smart 

Hub customized for use in cleanrooms. 

Taking a different approach to 

virtual inspections is Avatour, which 

was established in 2017, and offers a 

remote inspection platform designed 

for location-immersed collaboration 

and 360-degree video. The technology, 

which was prototyped and beta-tested 

in 2019, works with smartphones, and 

can be used with a browser or virtual 

reality goggles for full immersion, 

says Copley. Avatour’s cofounders 

are experts in this technology, having 

helped lead the Nokia team that 

invented and integrated the 360-degree 

video camera. Demand for the platform 

has been growing briskly, Copley 

says. Avatour has seen 25% growth 

per month, and roughly 12 pharma 

companies and consultants have 

deployed or are deploying the system, 

he says. This year, the company has 

released regular updates, increasing 

the number of people who can take 

part in a tour from five to nine, adding 

a secondary camera source, and 

integrating a microscope, Copley says. 

Using Avatour’s platform is Lachman 

Consultant Services, which established 

a formal practice devoted to remote 

inspections and audits in October 2020. 

What began as a response to an overall 

top-down leadership commitment to 

find new ways to work, to take risk, 

explore, and invest became more 

focused in March and April 2020, says 

compliance director Scott Deckebach. 

By the summer, Lachman had begun to 

engage more with the technologies and 

encouraged clients to do the same. 

Pharma companies are adopting 

these technologies because they find 

it easier to do this remotely than to let 

people into their facilities, Deckebach 

says. So far, Lachman has worked on 

fully, or highly, remote projects, even 

in China, which is one of the more 

difficult regions in which to do this, 

due to government restrictions on 

communications, as well as technology, 

time zone, and language differences. 

Two parallel technology tracks 

are important in any remote audit, 

Deckebach says. First, a more general 

360-degree view. “Auditors need to 

be immersed in the environment in 

order to get an overall sense of facility 

flow and cleanliness. You cannot get 

that with a traditional camera-based 

technology, where the host can decide 

what you can see,” he says. The other 

essential requirement is the ability to 

perform focused interrogations (e.g., to 

watch an analyst perform a method in 

some detail, or to zero in on a computer 

system or a label). Lachman establishes 

both tracks for its remote audits. 

CDMOs adopt  
remote technology
Pharmaceutical contract development 

and manufacturing organizations 

(CDMOs) have been enthusiastic 

adopters of virtual audits and 

inspection. Catalent Pharma Solutions, 

for instance, has used remote 

technologies since 2015, to give clients 

easier access to its facilities, says 

Joe Montano, director of customer 

experience, who calls remote 

inspections a core competency for 

the company. Currently, the company 

is working with Apprentice.io, mainly 

using its Tandem platform, but it is also 

using 360-degree video to give clients 

virtual tours of facilities.

Remote inspection technology was 

first piloted at Catalent’s Kansas City, 

MO facility, and the company has 

extended its use since the COVID-19 

pandemic began. “We were able to 

scale use from a few pilot sites to 

more than 40 sites around the world,” 

Montano says. The company is now 

using the remote approach with all 

major global regulatory agencies. Since 
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that the technology is incorporated, 

connected, and built into their 

systems, says Deckebach. “They need 

to be confident and to break down any 

connection or communication barriers 

ahead to time to make sure things are 

working (e.g., firewalls, connections 

into networks, and general network 

flow). A back-end IT person is required 

to ensure that these networks 

are opened appropriately to allow 

information to flow,” he adds. 

The extra coordination and care 

these remote technologies require 

may be a reason why regulators have 

been so cautious about adopting their 

use, says Deckebach. “These newer 

technologies need a bit more care and 

handling,” he says, “You can’t simply 

click on a Zoom link to activate them.” 

IT infrastructure is a primary 

challenge. “Not all facilities have 

installed solid wireless Internet 

capabilities throughout their 

manufacturing areas. We ask clients 

for layout drawings and make 

decisions on where we want to tour 

facilities. Once agreed upon, we have 

them complete a bandwidth survey 

confirming that minimal bandwidths 

are met,” says Deckebach. 

Problems will invariably come up, but 

persistence and flexibility are key. “We 

can get into a dark spot in a warehouse 

and lose communication, for example, 

or a user may not know how to get on 

the system, resulting in 10–15 minute 

delay. These are typical things that can 

happen, which is why you need good 

plans, contingency plans, and backup 

systems,” says Deckebach.

Pre-briefing required
A week before any audit or inspection 

begins, Catalent’s team holds a 

pre-briefing exercise with clients, to 

familiarize them with the technology 

platform and give them a high-level 

view of what to expect, says Hasan 

Daniel, Catalent Cell and Gene 

Therapies’ associate director of 

quality assurance. Through November 

2020, he says, the company’s site 

in Gaithersburg, MD, has performed 

six virtual audits, the first of which 

took place in May. “This pre-briefing 

process is extremely important,” 

Daniel says, and must involve all staff 

members that will be working on the 

audit. In addition, it must feature a 

secure mechanism for sharing files, 

and must ensure that everyone 

working on the audit has full access to 

all required technology platforms. 

One detail that might seem minor 

but is actually quite important is 

ensuring that battery-powered 

devices are fully charged and that 

enough backup batteries are available. 

Auditors must also be given a map of 

the facility, with visual indicators that 

outline the sequence of the tour so 

they can see what they are viewing 

at any point, relative to the whole 

facility, Daniel explains. Ensuring 

data integrity and security is of 

paramount importance, he says, and 

it usually requires two days to ensure 

that all documents and proprietary 

documentation are secure, and cannot 

be downloaded, printed, or corrupted 

in any way.

Positive feedback 
So far, the new approach is getting 

positive reviews from both customers 

and regulatory agency staff. For 

one thing, clients say that they can 

see more of the facility, and the 

‘bird’s eye view’ is often more useful 

than what they would see on site, 

especially when a lot of personnel 

are involved in an audit, says Daniel. 

In addition, auditors can drill down 

into equipment, microscope views, 

and documentation using additional 

tools such as borescopes, flexible 

cameras that can go inside equipment. 

Catalent is not using virtual reality, but 

sees tremendous potential value in 

augmented reality using technology 

such as HoloLens, which allows text, 

graphics, or video to be overlaid on 

the user’s view. The benefits should 

trickle down into employee training 

and onboarding, says Montano, who 

says that Catalent is starting to explore 

its use in training for some standard 

operating procedures (SOPs) that 

involve high-risk processes. 

While WiFi and other infrastructural 

issues pose some limitations to 

implementing remote technology, 

most of them can be overcome, 

says Immerman. Montano expects 

these problems to dissipate as the 

industry moves to 5G, Starlink, and 

other new communications platforms. 

“Training is another limitation, 

although it can be positioned as an 

opportunity if you’re willing to invest 

in it,” Immerman says. Because the 

technology is evolving at such a rapid 

pace, it can also be difficult to gain 

visibility into the latest capabilities as 

well as vendor stability,” she says. 

On Catalent’s wish list for the 

technologies would be extending 

battery life. Currently, says Montano, 

devices can run up to eight hours (in 

2015 the limit was 30 minutes), yet 

that figure could stand to be improved. 

Another advantage would be 

allowing clients to be able to observe 

operations for their projects remotely, 

since some of the unit operatiohs are 

very lengthy and can take a whole day 

to complete, says Daniel. However, 

users note considerable benefits 

from the technology, saving travel 

time and cost, and even costs for 

gowning supplies and consumables. 

“Having just one person gown in 

leaves much more time for Q&A and 

document review,” says Montano. 

Both Catalent and Thermo Fisher have 

realized significant gains from using 

the technology and plan to continue 

to expand and invest in it. Even if this 

technology does not replace on-site 

audits and inspections completely, 

users don’t see the industry going 

back to the old ways of doing these 

things. Deckebach believes the hybrid 

model, with one or two staffers onsite 

and the rest of the team connected 

virtually, will minimize risk yet enable 

savings and other benefits. 
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processes address safety concerns for 

operators by properly containing the 

HPAPI, according to Lyon.

“Liquid-fill and wet granulation 

processes remove much of the 

concern with operator exposure 

because the powder risk is removed 

once the HPAPI is dissolved in a 

lipid or solvent for either filling into 

a capsule of spraying onto a solid 

support dispersible,” explains Lyon. 

Once the HPAPI powder is dissolved or 

emulsified, further processing of the 

liquid becomes simpler and less costly, 

requiring less strict containment. Lyon 

also notes that these processes allow 

for highly accurate dosing down to 

low API levels, helping ensure content 

uniformity and reproducible dosing for 

caregivers and patients.

Managing poor solubility/
bioavailability challenges
Handling a highly potent compound 

across the oral drug development 

process becomes even more 

complex when the compound is also 

bioavailability-challenged. The simplest 

approach, according to Lyon, is to fill 

the micronized active ingredient into an 

empty capsule shell using equipment 

that can be deployed in a contained 

space (microdosing). 

Many HPAPIs, however, have 

material properties (sticky, semisolid, 

liquid, too light, too fluffy) that 

preclude the use of conventional 

microdosing. The powder may also 

have poor flow properties or the size 

and shape of the HPAPI particles may 

be inconsistent. In some cases, Lyon 

observes, HPAPI compounds may be 

so potent that a safe containment 

level cannot be easily achieved or the 

dosage itself may simply be below the 

weighable range of microdosing.

In these cases, liquid-filled hard 

capsules (LFHCs) can effectively 

minimize operator exposure to the 

solid HPAPIs. “The liquid-filling process 

is straightforward, involving only four 

steps: dispense, mix, fill, and seal. 

LFHCs contain either room-temperature 

liquids or thermo-softening materials 

manufactured as molten liquids at 

temperatures of up to 65 °C. Typically, 

H ighly potent compounds present numerous challenges with respect 

to process development, formulation, and delivery. “The key 

features at the interface of drug delivery and highly potent APIs (HPAPIs) 

are the ability to maintain operator safety through containment of the 

API during processing and to deliver a drug product in which the HPAPI is 

evenly dispersed, even when doses are as low as micrograms,” asserts 

David Lyon, a senior research fellow with Lonza.

Doing so is becoming more challenging as the molecular complexity of 

HPAPIs continues to increase significantly. “These molecules are much 

more specific in how they interact with the body and different cellular 

targets,” says Brian Haney, director of technical operations for AMRI. “As a 

result, it makes them much more difficult to manufacture, more difficult to 

test, and more unstable,” he observes.

From injection to oral delivery
In fact, HPAPIs have largely been too fragile for traditional oral solid-dose 

formulation, and the majority are delivered parenterally via infusion or 

intravenous injection, according to Haney. 

Historically, HPAPIs have been almost exclusively associated with 

oncology therapeutics. “Highly potent molecules for such acute 

indications could be delivered by intravenous infusion even if an oral drug 

product could not be developed,” Lyon explains.

Currently, however, HPAPIs include a growing number of classes of 

molecules and new chemical entities for a broader range of indications, 

thus covering a much wider swath of the developmental pipeline. “For 

many of these indications,” Lyon comments, “oral delivery is required due 

to the chronic or frequent dosing needed for the molecule and indication. 

The need for oral solutions has thus led to adaptation of existing 

pharmaceutical processes to enable the handling [of] HPAPIs in a safe and 

efficient manner,” he adds.

Examples include microdosing, liquid-filling of capsules, and wet 

granulation, which help balance therapeutic benefit versus risk. These 

Cynthia A. Challener, 
PhD, is a contributing 

editor to Pharmaceutical 

Technology Europe.

HPAPI Complexity Initiates 
New Delivery Mechanisms
Operator, caregiver, and patient safety are at the  
forefront when selecting the best options and dosage forms.
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sticky semisolid and liquid HPAPIs are 

miscible in liquid excipients, forming a 

homogeneous mixture, no matter how 

low the dosage is,” says Lyon. 

In addition, the use of solubility-

enhancing excipients and liquid lipid-

based options such as self-emulsifying 

drug delivery systems (SEDDS) and self-

micro emulsifying drug delivery systems 

(SMEDDS) is also possible. Milling and 

micronization of HPAPIs to produce 

nanoparticles is also safer when 

performed in an oily solvent.

Size reduction, in fact, through 

“top down” approaches such as 

micronization and “bottom up” 

techniques such as crystallization, 

expands the surface area-to-mass 

ratio, thereby increasing the dissolution 

rate of the HPAPI, according to Ilan 

Avni, vice president of business 

development with Wavelength 

Pharmaceuticals. Other techniques for 

increasing bioavailability of HPAPIs, he 

remarks, include spray drying and hot-

melt extrusion to generate amorphous 

solid dispersions in polymeric matrices 

and the formation of cocrystals with 

appropriate conformers to improve 

physicochemical properties. 

Facilitating  
low-dose formulation
One of the challenges to formulating 

highly potent APIs is the fact that 

often only small quantities of the drug 

substance are required in each unit 

dose. Only formulation approaches that 

can ensure homogenous distribution 

throughout the product, even at 

extremely low doses, are therefore 

appropriate. These constraints also 

require accurate analytical methods; 

again, preparing liquid solutions or 

emulsions for further processing 

(encapsulation, wet granulation, then 

tabletting) is effective.

The melt-spray-congeal (MSC) 

process is also now being successfully 

applied to advance potent oncology 

compounds in lipid multiparticulate 

(LMP) formulations, according to 

Lyon. “This technology is increasingly 

used to address controlled release, 

taste-masking, and/or low solubility 

challenges,” he says. 

In the MSC process, the API is 

suspended or dissolved in a molten lipid 

formulation at elevated temperatures 

(70–90 ºC) and then pumped to a 

spinning disk where the solution/

suspension is atomized and then 

congealed, forming a multiparticle of 

100–300 microns. Notably, Lyon says, 

these lipid multiparticles can contain 

from as little as a few percent API to 

50% API, making them an effective 

vehicle for diluting HPAPIs.

Sustained-release demands
Particularly for targeted oncology 

therapies, it takes time to deliver the 

HPAPI to the specific cancer cells of 

interest. “Sustained- or modified-

release formulation makes it possible 

for the active substance to stay in the 

body longer as it travels to where it 

needs to go,” says Haney. 

To achieve this goal, newer delivery 

approaches include conjugation of the 

HPAPI via a chemical linkage to another 

inert molecule that has an affinity 

toward the target cells. “Antibody-drug 

conjugates (ADCs) are an ever-growing 

class of drugs in this category. The 

HPAPI is conjugated to a monoclonal 

antibody that carries it to the target 

cells, where it is released for targeted 

action,” Haney explains.

AMRI, Haney adds, has been seeing 

other conjugation approaches as 

well, such as linkage of HPAPIs to 

polyethylene glycol (PEG) resins. “These 

PEG polymers, often 5000–20,000 

Daltons in size, are slowly degraded 

by the body. The conjugated system 

consequently remains intact for much 

longer than the inherently unstable 

HPAPI would by itself, providing 

sustained release,” he comments.

Similarly, extended-release 

parenteral formulations based on 

bioabsorbable poly(lactide-co-

glycolide) (PLG) microparticles can 

improve therapeutic efficacy and 

increase patient compliance. In 

some cases, HPAPIs can be delivered 

from PLG microparticles for weeks 

and months following a single 

administration.

Other approaches can also be used. 

For instance, if a simple modified 

release profile—such as delivery of the 

API to the duodenum—is required, a 

simple fill of either the solid or dissolved 

API into an enteric capsule may provide 

the desired release profile with minimal 

handling, according to Lyon.

The European Directorate for the Quality of Medicines & HealthCare (EDQM) 

announced on 12 November 2020 three Official Control Authority Batch Re-

lease (OCABR) guidelines describing tests to be performed by Official Medi-

cines Control Laboratories (OMCLs) in the European Union OCABR Network. 

The guidelines address vaccines expected to enter the European market 

first, with additional guidelines to come that will address other COVID-19 

vaccine types under development. The new guidelines, which were prepared 

using current knowledge, are Pandemic COVID-19 Vaccine (Non-Replicating 

Chimpanzee Adenovirus-Vectored Vaccine); Pandemic COVID-19 Vaccine 

(Non-Replicating Human Adenovirus-Vectored Vaccine); and Pandemic 

COVID-19 Vaccine (mRNA Vaccine). According to EDQM, the guidelines will 

be reviewed and updated as necessary once relevant market authorizations 

have been approved.

OMCLs will perform the prescribed tests, review the batch release 

protocol from the manufacturer, and release qualifying batches, the 

statement reported (1).

Reference
1. EDQM, “COVID-19 Vaccines: Release of Guidelines Critical for Co-Ordinated 
Independent Batch Control by EU OMCLs,” Press Release, 12 November 2020.

—The editors of Pharmaceutical Technology Europe

EDQM Issues COVID-19 Vaccine Batch Release Guidelines
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Other release profiles, however, such as a zero-order release profile, 

will likely require a wet granulation step to obtain a homogeneous drug 

product intermediate prior to the final tabletting step, Lyon notes. “Of 

course, each of these unit operations must be appropriately contained 

and validated for the required occupational exposure levels for the 

operators,” he adds.

Focused on containment
Because many highly potent drug products are low-dose, small-

volume drugs, it is important to understand and manage development 

of the formulation process, according to Iain MacGilp, director of 

GMP manufacturing at AMRI. During final formulation, for instance, 

aseptic filtration can potentially lead to loss of costly drug product via 

adsorption, which is not acceptable for complex HPAPIs. 

With respect to delivery techniques for parenteral HPAPIs, 

MacGilp adds that it is important to understand and minimize 

interactions between the drug product and the delivery device 

while also keeping in mind the volume requirements during different 

phases of drug development. 

There is also significant effort focused on further removing operators 

from the process to minimize risk, both for operator protection and 

product assurance, according to MacGilp. That has translated, for 

example, into the development of robotic systems for product filling. 

“While these systems can be costly, highly potent drugs often address 

unmet therapeutic needs and there is a drive to implement advanced 

formulation filling and delivery technologies to enhance specific safety 

requirements,” MacGilp observes.

Lyon adds that the biggest recent advances are, in fact, largely 

around containment. “As HPAPIs become increasingly potent, the need 

for containment during processing becomes increasingly rigorous,” 

he states. It is important to remember, he points out, that contained 

processing is required across HPAPI development and manufacturing, 

including any particle engineering and other processing required to 

generate a finished dosage form. “Each of the technologies used is able 

to be contained to different levels based on its footprint and the need 

for powder handling,” Lyon adds.

Single-use in HPAPI manufacturing
One of the ways to reduce risk during the manufacture and 

formulation of HPAPIs, at least for liquid HPAPI solutions, is to 

employ single-use containment systems. “Disposable solutions can 

be designed to be much more specific for a particular process and 

are just as safe in terms of band 5 containment, but significantly 

less expensive than traditional barrier isolation systems,” Haney 

explains. In particular, disposable solutions are ideal for early-phase 

products for which it is undesirable to dedicate manufacturing 

capacity and suites.

At its multiproduct sites, AMRI has implemented a single-use 

philosophy because it reduces risk of cross-contamination, which 

is a key issue for HPAPIs. “Anything that is used for our formulation 

process or the pathway for delivery into the vial is one-use and 

then disposed of,” MacGilp says. In fact, the company has moved 

the upstream formulation process to a single-use isolator that can 

contain any compound below 0.1 µg/m³. The system has been fully 

qualified by SafeBridge and is used as a single-use system on a 

routine basis. PTE
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from Fisher Chemicals (Pittsburgh, 

PA). Cryopreserved Human cadaver 

dermatomed skin was obtained from 

Science Care (Phoenix, AZ).

Preparation of clotrimazole 

containing topical o/w cream 

formulation. Five different fatty 

alcohols were considered for this study, 

such as cetostearyl alcohol 50 (CSA 50), 

cetostearyl alcohol 70 (CSA 70), cetyl 

alcohol (CA), myristyl alcohol (MA), 

and stearyl alcohol (SA), respectively. 

The formula for the cream preparation 

was used as mentioned in Table I. The 

aqueous phase and the oil phase were 

heated and maintained at 60 °C. The 

oil phase was added to the aqueous 

phase and they were homogenized for 

30 minutes at 3000 RPM in Silverson 

Homogenizer L5M-A (Silverson 

Machines, East Longmeadow, MA). 

Propylene glycol along with the 

clotrimazole was added near to the 

end of the homogenization process. 

All formulations were subjected to a 

cooling programme 60 °C to 25 °C in 20 

minutes using the VWR chiller system 

(VWR International, Radnor, PA). 

Measurement of melting point 

using DSC. The melting point of all five 

fatty alcohols were determined using 

differential scanning calorimetry (DSC) 

using DSC 25 (TA Instruments, New 

Castle, DE). The melting point of the API 

was also determined. Approximately 

7 mg of powdered sample was placed 

in Tzero Hermetic Pan and was sealed 

with Tzero lid (TA Instruments). The 

pan was placed in the sample chamber 

along with the reference pan and 

analysis was done by using the ramp 

method with the rate of 10 °C/min.

Characterization of quality 

attributes. To assess the impact of 

different quality attributes on the 

permeation of drugs from topical 

formulations at infinite dose conditions, 

different tests such as pH, globule size 

distribution, viscosity at a low shear 

rate, and phase distribution of drugs, 

were performed and evaluated.

pH measurement. The pH of the 

creams was measured using a Mettler 

Toledo (Columbus, OH) pH meter. The 

probes used in the study were Mettler 

Toledo InLab Micro electrodes. The pH 

P harmaceutical creams are one of the most common types of 

formulations used for the topical delivery of drugs. Creams are either 

oil in water (o/w) or water in oil (w/o) type emulsions with a semisolid 

consistency (1). They are generally formulated using ingredients like 

emollients, viscosity builders, emulsifying agents, and permeation 

enhancers. Fatty alcohols have been reported to play different roles in 

a cream formulation. For example, fatty alcohols are used as viscosity 

building  agents, stabilizing agents, pH modifiers, and counter ions. 

They also could be used to enhance the solubility of drugs in a nonpolar 

medium. Fatty alcohols are known to play the role of permeation 

enhancers for various drugs (2,3).

In the present study, topical o/w cream formulations, incorporated 

with a poorly permeable model molecule clotrimazole, were prepared 

using different fatty alcohols. Clotrimazole is an imidazole derivative 

and is a broad-spectrum anti-fungal agent (4). All the formulations were 

identical in composition except that different fatty alcohols were used 

in different products. The objective of the study was to investigate the 

influence of fatty alcohols on the permeation of clotrimazole from these 

formulations. The permeation studies revealed an interesting correlation 

between the physicochemical characteristics of the fatty alcohols and 

the rate of delivery of clotrimazole. 

Materials and methods
Materials. Clotrimazole (≥ 98%), an antifungal agent was gifted from 

Yarrow Chem Products (Mumbai, India). Kolliwax CSA 50 (cetostearyl 

alcohol 50), Kolliwax CSA 70 (cetostearyl alcohol 70), Kolliwax MA 

(myristyl alcohol), Kolliwax CA (cetyl alcohol), Kolliwax SA (stearyl 

alcohol), Kollisolv PG (propylene glycol), Kollicream OD (octyldodecanol) 

and Kolliphor CS 20 (macrogol cetostearyl ether 20) were gifted by 

BASF (Florham Park, NJ). Euxyl 320 and Nile Red were purchased from 

Sigma Aldrich (St. Louis, MO). High-performance liquid chromatography 

(HPLC)-grade solvents, like methanol and ethanol, were purchased 
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Evaluating the Impact 
of Fatty Alcohols on 
Permeation of Clotrimazole 
from Topical Creams
Study results indicate that fatty alcohols may  
plausibly enhance the skin permeation of clotrimazole.
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meter was calibrated using standard 

buffers with a known pH of 4.0, 7.0, and 

10.0, respectively. The pH of each cream 

formulation was measured thrice. In 

between every individual measurement, 

the accuracy of pH measurement was 

checked using buffer standard of pH 4.0 

and using buffer standard of pH 10.0. 

Phase separation and drug 

quantitation. One gram of cream 

sample in Eppendorf tubes was 

subjected to centrifugation at 

50,000 RPM in the Beckman Coulter 

centrifugation instrument (Beckman 

Coulter, Brea, CA). All formulations 

were centrifuged for 8 h. The separated 

oil phase and aqueous phase were 

weighed separately. The 2 mg of the 

oil phase was diluted to 50 mL with 

methanol and the aqueous phase was 

diluted by adding 2 mL of methanol. 

The samples were subjected to HPLC 

analysis. The distribution of the drug in 

both phases was evaluated.

Globule size measurement. The 

globule size of the cream formulation 

was measured by using Axio 

Cam HR3 (Carl Zeiss Microscopy, 

Germany) bright-field microscopy at 

a magnification of 125x. A thin smear 

of the cream was prepared with a 

coverslip on a glass slide and observed 

immediately under the microscope. 

For each cream, the mean diameter 

of randomly distributed 100 globules 

was measured using the Zen Lite 

software (Carl Zeiss Microscopy). The 

globule size measurement was done by 

calculating d10, d50, and d90 values for 

each cream.

Rheological study. The rheology of 

all cream samples was studied using 

TA Instruments HR2 Rheometer at 

32 °C with a 20 mm parallel plate with 

600-grit sandpaper and solvent trap. 

Viscosity of each cream was measured 

at shear rate 0.01 (1/s).

In-vitro skin permeation study. 

The in-vitro skin permeation study 

was performed using Franz diffusion 

cells with an effective diffusion area 

of 1.77 cm2. Cryopreserved human 

cadaver dermatomed skin devoid 

of any disease was obtained from 

Science Care and was stored in water-

impermeable plastic bags at below 

–80 °C until the time of use. Before 

use, the skin was thawed at room 

temperature for 10 min and was cut 

in sections large enough to fit the 

1.77 cm2 active permeation area. A 

hairless thigh region of 250 µm was 

sandwiched between the donor and 

receiver medium with the stratum 

corneum (SC) side facing the donor 

compartment. The skin barrier 

integrity was checked before starting 

the experiment by measuring the 

resistance at a frequency of 1 kHz 

and a low voltage of 100 mV. The skin 

having a resistance value greater 

than 10 KΩ/cm2 was only used for 

permeation studies. The receiver 

compartment (7 mL) was filled with 2% 

Tween 80 in phosphate-buffered saline 

(PBS) solution and was maintained 

at 37 °C. As clotrimazole is insoluble 

in water, Tween 80 was used as a 

solubilizer in the release medium within 

the receiver compartment to maintain 

the sink conditions (5). For the skin 

permeation study, an infinite dose of 

the formulation was placed on the 

skin using a syringe. During the in-vitro 

permeation testing (IVPT) studies, the 

samples were withdrawn from the 

receiver compartment at the time 

points of 2 h, 4 h, 8 h, 10 h, 12 h, and 

replaced by equal quantities of fresh 

medium. The amount of clotrimazole 

in the aliquots was quantified and 

determined using HPLC. 

Determination of saturation solubility 

of clotrimazole in different fatty 

alcohols. Different percentages (0, 10, 

25, 50, and 75% w/w) of clotrimazole 

were added to 5 different fatty alcohols 

(Kolliwax CSA 50, CSA 70, MA, CA, and 

SA) contained in glass vials. The drug-

excipient mixture in glass vials was 

heated on a hot plate at a temperature 

slightly above the melting point of the 

excipient to prepare a molten state 

mixture. After 30 minutes of mixing 

drug-excipient, the molten mixture 

was transferred into the DSC pans. 

The drug-excipient mixture in the 

molten state was weighed inside the 

aluminium DSC pan and the pan was 

sealed with the aluminium hermetic 

lid tightly. DSC pans were allowed 

to equilibrate for 1 h. After 1 h, DSC 

analysis was performed over the 

temperature range of 20 °C to 200 °C 

at 20 °C/min increments. DSC was 

performed using the TA instruments 

discovery series DSC 25. TRIOS 

software was used to analyze the 

enthalpy of melting.

Analytical method. An isocratic 

HPLC method was used for the 

quantification of clotrimazole (6). The 

analysis of clotrimazole containing 

samples was performed using a Waters 

HPLC system (Waters 600 Controller, 

Milford, MA) equipped with a 600-

pump unit, a 717 plus autosampler with 

an injection valve with a sample loop of 

50 µL, and a 2487 dual absorbance UV 

detector. The mobile phase comprised 

of a 10 mM solution of dibasic 

potassium phosphate and acetonitrile. 

(3:1 v/v) with a flow rate of 1 mL/min 

and an injection volume of 20 µL.

Results and discussion
Melting point determination using 

DSC. The melting point was determined 

by using the DSC technique. Melting 

points for different fatty alcohols were 

Table I. The formula for the preparation of clotrimazole containing 
topical oil in water (o/w) cream.

Ingredient Description Purpose  Weight by 
weight (w/w)%

Kollisolv PG Propylene glycol Solvent 8

Fatty alcohol# Fatty alcohol   Viscogen 9

Kollicream OD Octyldodecanol Emollient 6

Kolliphor CS 20
Macrogol cetostearyl 

ether 20
Emulsifier 1

Active Ingredient Clotrimazole (clz) API 1

Water - Solvent 75

Euxyl 320 Phenoxyethanol Preservative q.s.
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impact on the permeation since the 

contact specific area increases with 

decrease in globule size. However, 

as shown in Figure 2 and Table III, 

the d10, d50, and d90 values did 

not differ significantly for all cream 

formulations under the study. The 

creams containing SA did not have 

any globules as it did not form a 

rigid microstructure to stabilize the 

dispersed phase. As all products 

were found to be shear thinning. 

The viscosity at low shear values 

represents the inherent viscosity of 

the formulations. As mentioned in 

Table III, the values ranged between 

1200–3100. A significant difference in 

the viscosity was observed and could 

potentially influence the permeation of 

drugs. Decreasing rank order of fatty 

acid creams concerning their viscosity 

was CA>CSA50>CSA70>MA>SA. 

This did not correlate with the 

increasing transdermal flux of 

clotrimazole from different topical 

creams (MA>CA>CSA50>CSA70>SA) 

found to be as shown in Figure 1. The 

physicochemical characteristics of 

different fatty alcohols shown in Table II 

were pooled up from BASF technical 

data and literature reports (7–10). The 

melting point was determined by DSC. 

It is evident from the DSC graph that 

myristyl, cetyl, and stearyl alcohols 

all had a single endothermic peak 

of enthalpy of fusion. As expected, 

cetostearyl alcohols 50 and 70 both 

showed a broader peak or a bimodal 

peak because they are mixtures of 

cetyl and stearyl alcohols in different 

ratios. Therefore, an average value of 

melting point and log POct/water based on 

their molar ratios was considered for 

comparison and correlations.  

Characterization of quality 

attributes. As mentioned in Table III, 

the amount of drug in the aqueous 

phase is below detectable levels 

in the cream. Moreover, the pKa 

of clotrimazole is known to be 4.7 

as per the literature (11), so if any 

dissolved clotrimazole were present 

it would be almost 96–99% unionized 

in the aqueous phase at pH 6–7.86. 

Therefore, as the pH differences did 

not lead to any significant difference 

in the extent of the percent ionized/

unionized ratio, it is not likely the 

pH differences would affect the 

permeation of drugs from the topical 

cream products prepared with 

different fatty alcohols. 

The drug distribution in different 

phases is one of the major factors 

that could influence transdermal 

absorption. The creams were 

separated into aqueous and 

lipid phases by the process of 

ultracentrifugation. The amount of 

clotrimazole was negligible and below 

detectable levels in the aqueous 

phase of the product. The entire drug 

was essentially found in the lipid 

phase. The amount of drug in the oil 

phase was between 8.6–10.3 mg, 

which essentially is a narrow range. 

The drug concentration in the lipid 

phase could translate into differences 

in thermodynamic activity. It is the 

thermodynamic potential that drives 

drug diffusion into and across skin 

and not only the drug concentration 

in the applied product. In some cases, 

lipid phases were saturated (degree of 

saturation of 1) as we could see some 

drug crystals in creams prepared with 

cetostearyl alcohol. Therefore, our 

observations suggest that although 

the amount of drug in the lipid phase 

differed marginally, the degree of 

saturation that translates into the 

thermodynamic force remained 

identical across all the products. 

The globule size distribution for the 

cream formulations was determined 

by microscopy. The photomicrographs 

of all the cream products are 

shown in Figure 2. The globule size 

distribution could have a significant 

Table II. Physicochemical properties of fatty alcohols. CSA is cetostearyl alcohol, CA is cetyl alcohol, SA is 
stearyl alcohol, and MA is myristyl alcohol.

CSA-50 CSA-70 CA SA MA

Melting point 51.97 °C 54.3 °C 49.3 °C 59.5 °C 38 °C

C-chain length 16-18 16-18 C16 C18 C14

Avgerage molecular weight (g/mol) 512.94 512.94 242.43 270.48 214.39 

Log POct/water 7.53 7.25 6.83 8.22 6.03

25 50 75 100 125 150 175

Temperature T (ºC)

Clotrimazole
CSA 70
SA

CA
MA
CSA 50

Figure 1. Determination of melting point of fatty alcohols using 
differential scanning calorimetry (DSC) technique.
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as one would expect if there was a 

predominant influence of viscosity on 

the permeation. 

In-vitro skin permeation study. 

Finite dose conditions are generally 

recommended for the evaluation of 

topical products as they are near 

the therapeutic dose of the product. 

However, at finite dose conditions, 

several factors would come into 

play in determining the performance 

of topical products. In infinite dose 

studies, the dose used in the study 

is generally several-fold higher than 

the clinically relevant dose. The 

use of infinite dose eliminates the 

influence of the factors associated 

with evaporative metamorphosis. 

Hence, the permeation studies in the 

present project were performed with 

infinite dose in the donor under the 

occluded condition to prevent loss 

of contents due to evaporation. The 

permeation studies were performed 

on two cadaver donors (n=3 on 

each donor) to accommodate all the 

products on the same donors. The 

cumulative permeation-time profile 

of six replicates with standard error 

of the mean (SEM) is represented 

in Figure 3. The control trials were 

performed using clotrimazole solution 

in 1% Tween-80. The permeation from 

the control was below detectable 

quantities. The transdermal flux of 

clotrimazole from different topical 

creams was in the following rank 

order: MA>CA>CSA50>CSA70>SA. 

As discussed earlier, most of the 

critical quality attributes did not 

differ significantly across the creams. 

Therefore, one can conclude that the 

differences in the transdermal drug 

flux are not attributable to significant 

differences in the quality attributes 

of the products. The other reason to 

which differences in the performance 

of the products can be attributed is 

the interaction of excipients with the 

skin, either altering its permeability 

by the way of disorganizing the 

organized lipid structures or by the 

way of increasing the solubility of the 

API in the lipid domains of the SC.

Fatty alcohols are reported to 

enhance the permeation of drugs 

by the way of penetrating the lipid 

barriers and/or by disorganizing 

the lipid bilayers (12). Given the fact 

that the clotrimazole predominantly 

exists in the lipid phase of the 

cream and is highly lipophilic, 

(log P = 6.1) (4), one can anticipate 

the drug to partition into the SC 

lipids and propagate through the SC 

layers. The penetration of SC lipid 

domains can only have a favourable 

effect on the drug permeation if 

it does not affect the pathways of 

absorption of clotrimazole. If the drug 

was hydrophilic, disruption of lipid 

domains would have facilitated the 

drug’s permeation. Therefore, it was 

hypothesized that the differences 

in permeation profile from different 

fatty alcohol containing topical 

creams are attributable to the relative 

ability of fatty alcohols to enhancing 

the partitioning and solubility of the 

drug in the stratum corneum.

There are several reports regarding 

the penetrability of fatty alcohols 

into the SC. It is known from earlier 

reports that the physicochemical 

characteristics of substrates such as 

melting point, log P, and molecular 

weight would play a major role in 

determining the extent of penetration 

of any substrate into the skin (13,14). 

In this study, the fatty alcohols that 

2 (a). CSA 50 2 (b). CSA 70 2 (c). CA 

2 (d). SA 2 (e). MA 

Figure 2. Photomicrographs and globule size distribution for clotrimazole 
creams containing different fatty alcohols. The scale bar is 5 µm length. 
No globules could be observed in the case of stearyl alcohol (SA). All the 
other creams had the oil distinctly in the globule form. CSA is cetostearyl 
alcohol, CA is cetyl alcohol, and MA is myristyl alcohol.

Table III. Quality attributes of clotrimazole containing oil in water (o/w) 
cream formulations containing different fatty alcohols. CSA is cetostearyl 
alcohol, CA is cetyl alcohol, SA is stearyl alcohol, and MA is myristyl alcohol.

Quality attribute CSA 50 CSA 70 CA SA MA

pH
7.86 ± 
0.03

7.74 ± 
0.00

6.09± 
0.13

6.33 ± 
0.05

7.17 ± 
0.08

Drug in aqueous phase 
(mg/gm)

0.01 0.00 0.00 0.00 0.00

Drug in oil phase
(mg/gm)

8.58 9.04 10.85 10.78 10.25

d10 (µm)
2.61 ± 
0.00

2.50± 
0.14

2.55 ± 
0.07

N.A.
2.05 ± 
0.07

d50 (µm)
4.05 ± 
0.07

3.90 ± 
0.42

3.75 ± 
0.35

N.A.
3.05 ± 
0.07

d90 (µm)
5.45 ± 
0.21

5.20± 
0.57

4.90 ± 
0.71

N.A.
3.80 ± 

0.10

Viscosities at the shear 
rate of 0.01 (1/s)

2397 1838 3137 1132 1276
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From all the above results, it is 

evident that the fatty alcohols have 

a significant impact on the drug 

permeation from o/w creams. Based 

on the literature reports and our 

observation, it is likely that the fatty 

alcohols penetrate the skin lipids and 

act as a solvent for the API to form 

a reservoir and permeate across the 

skin eventually. This means that the 

API should be soluble in the fatty 

alcohols in significant quantities. 

To ascertain this assumption, the 

solubility of the drug in the fatty 

alcohol was investigated using DSC. 

All the fatty alcohols were able to 

dissolve clotrimazole in significant 

amounts (about 50% and over). When 

API was mixed with the fatty alcohol 

at a 1:1 ratio, none of the mixtures 

showed the endothermic peak for the 

drug except SA (Figure 6A). Whereas, 

in the case of 3:1 mixture of drug:fatty 

alcohol mixture, the endothermic 

peak of the API was observed in case 

of all the fatty alcohols (Figure 6B). 

The enthalpy of fusion of the drug 

differed in different fatty alcohols. As 

the enthalpy of fusion is a function 

of the mole fraction of the drug 

undissolved in the mixture, one can 

at least approximate the solubility of 

the drug in the fatty alcohol relatively. 

Based on the enthalpy of fusion of the 

undissolved drug, one can conclude 

that the drug was soluble to different 

extents in different fatty alcohols. 

For example, the solubility of API 

highest in MA and lowest in SA. This is 

correlating well with the transdermal 

flux data, in which the rate and extent 

of permeation of relatively higher 

compared to other creams, from 

the cream containing MA. Whereas, 

the transdermal flux was least from 

topical cream with SA and so was 

the API solubility in SA as well. As 

shown in Table IV, it is noteworthy 

that the rank order of transdermal flux 

of clotrimazole from different fatty 

alcohol creams matched well with 

the extent of the solubility of the drug 

in the fatty alcohol supporting our 

hypothesis that the fatty alcohol acted 

as a solvent/carrier for the API in the 

SC. The difference in transdermal flux 

we used did not differ significantly 

in their molecular weight. The only 

property that significantly differed 

was log P values as shown in Table II. 

Therefore, the steady-state flux of 

the drug was correlated with the log 

P of the fatty alcohol as shown in 

Figure 4. As shown in Figure 4, there 

was a significantly good correlation 

between the two variables with a 

correlation coefficient of R2 = 0.8745. 

However, the negative slope indicated 

an inverse relationship between the 

partition coefficient of enhancer and 

the permeation flux of the drug.

Melting point is another physical 

property that correlates well with 

the skin permeability of molecules. 

As mentioned earlier in Table II, the 

melting points of the fatty alcohols 

used in this project were found to 

be in the range between 38–54 °C. 

Therefore, just to understand the 

trend in the relationship between the 

melting point and the steady-state flux 

of clotrimazole, the graph of steady-

state flux values of clotrimazole from 

different topical creams vs melting 

point of fatty alcohols was plotted, 

as shown in Figure 5. The correlation 

coefficient was found to be 0.9371. This 

relationship supports the interpretation 

that the lower the melting point, the 

better is the ability to penetrate the SC. 
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13. G. Flynn, “Physiochemical Determinants 
of Skin Absorption,” in Principles of 
Route-to-Route Extrapolation for Risk 
Assessment (T.R. Gerrity, C.J. Henry, 
Elsevier, New York, 1990) pp.93–127.

14. R.O. Potts and R.H. Guy, Pharm. Res., 9 
(5) 663–669 (1992). PTE

and Practice of Emulsion Technology 
(A.L. Smith, Academic Press, Inc., 
London, 1st ed., 1976) p.123.

11. K.H. Buechel, et al., Arzneimitt.-Forsch., 
22 (8) 1260–1272 (1972).

12. S. Andega, N. Kanikkannan, and M. Singh, 
J. Control. Release, 77 (1–2) 17–25 (2001). 
 

across different products could be 

either due to difference in the extent 

of the solubility of the drug in the fatty 

alcohol or due to different extents of 

penetration of fatty alcohol or both.

Conclusion
The difference in quality attributes 

across the topical products prepared 

using different fatty alcohols could 

not be solely attributed to the 

difference in the performance of 

the topical products of clotrimazole. 

A good correlation was found 

between the steady-state flux of 

clotrimazole and the physicochemical 

characteristics of the chosen fatty 

alcohols. Observations on the 

solubility of clotrimazole in the 

different fatty alcohol excipients 

and the different log P of the fatty 

alcohol excipients suggests that the 

penetration of fatty alcohol into the 

SC and solvent behaviour for the API, 

were found to be the predominant 

mechanism of permeation of 

clotrimazole from the topical creams 

with the specified compositions.  
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Speed to market
An established benefit of modular 

facilities is that they are constructed 

off-site and then delivered to the site 

where they will be put into use. Off-

site construction has been shown 

to be particularly valuable under the 

limits imposed by the pandemic, 

says Jornitz. 

“In an on-site construction, there 

may be a multitude of delays due 

to the limited headcount being 

allowed on-site, if at all. Off-site 

construction is not affected, because 

it is considered an essential business 

and has not stopped or slowed down 

since the start of the pandemic. As 

soon as the states opened travel, 

G-CON shipped four projects [of its 

prefabricated cleanroom PODs],” 

Jornitz reports. “The off-site 

prequalification also helps, as we 

can shorten the time and resources 

needed on-site, again to create the 

lowest headcount density needed 

and therefore lowest risk.” 

The drive to produce COVID-19 

vaccines and treatments has led to 

much faster building of cleanroom 

infrastructures and entire facilities 

than in the past, says Jornitz. 

“Delivery times of three to six 

months instead of years became the 

new normal, and this new normal 

will stay,” he predicts. He believes 

these short timelines are not 

unrealistic. “Any application could be 

predesigned to abbreviate the design 

timelines and can be prefabricated 

to stock to be much faster in the 

construction of the cleanroom 

infrastructure,” says Jornitz. G-CON 

introduced six standard cleanroom 

PODs that enabled them to shorten 

the delivery timeline further; these 

structures can be mass produced 

and then delivered from stock. Jornitz 

notes that, in addition to fast delivery, 

the industry requires reliable delivery 

timelines and robust cost budgets. 

“Too often we see a time and cost 

overrun, which puts any planning in 

jeopardy and cause a tremendous 

stress on project management. With 

off-site prefabrication, we avoid these 

overruns,” he notes.  

T he COVID-19 pandemic has accelerated demand for quickly 

expanding capacity for manufacturing vaccines, including the 

facilities for viral vector production and for fill/finish. This capacity 

crunch is exacerbated because the industry was already capacity 

constrained before the pandemic began.  

Running additional production campaigns in existing plants and 

adapting existing, suitable buildings for additional current good 

manufacturing practice (CGMP) lines are two avenues being taken 

for expanding fill/finish and existing virus- and vector-based vaccine 

processes, says Stefan Kappeler, technology manager of the global 

business unit, Biopharma & Life Sciences, at Exyte. For new vaccine 

platforms, such as mRNA vaccines, however, he says, “The short-

term CGMP-compliant production is more difficult, as a completely 

new production and release process has to be designed and 

validated for the commercial scale, and then checked and approved 

by the national authorities.” 

These new types of vaccines require new technologies and 

processes that have to be built from the ground up, and accomplished 

rapidly without interruption, adds Maik Jornitz, president and CEO of 

G-CON Manufacturing. 

“Manufacturing capacity is the biggest hurdle for producing COVID-19 

therapies right now. Companies with frontline options are scrambling 

to design and order equipment while in parallel designing and building 

the facility production space,” says Peter Walters, director of advanced 

therapy medicinal products (ATMP) at CRB. “Many of these therapies are 

based on pivoting process platforms, so development is being performed 

in parallel with design and construction of the facility, which makes 

flexible adaptable spaces so critical right now.”

Modular and prefabricated cleanrooms for manufacturing, which 

have been promoted for several years for the benefits of fast delivery 

and flexible capacity, stand ready to meet these needs. Modular 

process equipment is also finding use.

Jennifer Markarian

Modular Processes and 
Facilities Enable Flexible 
Vaccine Manufacturing
The COVID-19 pandemic has accelerated the  
need for modular designs to rapidly expand vaccine production capacity.
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Walters agrees that a key benefit 

of modular facilities is faster time 

to production compared to other 

construction models.  “Use of fully 

modular cleanrooms allows a large 

bulk of the critical technical facility 

to be constructed in parallel with the 

remaining facility, creating a more 

compressed overall facility timeline,” 

he explains. 

CRB’s SlateXpace was introduced 

in September 2020 as a “suite-

based” modular facility design for 

cell and gene therapy. “SlateXpace is 

a templated production cleanroom 

platform to address the growing need 

for flexible multi-modal capability,” 

says Walters. “The platform has a pre-

engineered design to accommodate 

changes in processing technology 

and processing platforms, while 

also providing consistent and easily 

scalable design. One big benefit 

of templated design is that it can 

provide greater cost predictability 

and certainty up front, with a 

more predictable and consistent 

construction schedule, both of which 

greatly help in early facility planning.”

Standardization of modular facilities 

allows replication, which is a faster 

route to operational availability either 

at the same manufacturing site or a 

different location, adds Kappeler. An 

additional benefit of facility replication 

is production consistency across a site 

or different locations. He notes that, in 

addition, Exyte’s ExyCell prefabricated 

cleanrooms have been designed to be 

flexible and configurable, so that the 

modular units can follow the optimized 

process flow.

Flexible capacity 
Flexibility is another benefit of 

modular designs that allows 

companies to quickly add capacity to 

meet demand. 

“One lesson from the current 

pandemic is the greater emphasis 

on security of supply and national 

independence. Modular systems 

enable the manufacturer to produce 

regionally on the required scale and 

thus to react flexibly to the current 

situation and local requirements,” 

says Kappeler. When vaccine 

manufacturing capacity is not in 

high demand, the facilities can be 

used instead for viral vectors for the 

ATMP sector, to combat neglected 

communicable diseases, or for animal 

vaccines. “At Exyte, we strive for 

a high degree of layout flexibility, 

process adaptability, and design 

standardization in plant design in 

order to convert and expand existing 

manufacturing capacities for new 

purposes,” he concludes.

“Designing in flexibility is 

paramount for the current 

manufacturing industry,” agrees 

Walters. “The ability to accommodate 

new processing technologies or swap 

to different processing platforms 

without a dramatic schedule-breaking 

renovation is where the industry 

needs to be headed to adapt to and 

accommodate the ever-changing and 

evolving product pipeline demands.” 

Whether capacity constructed for 

COVID vaccines will be needed for 

short or longer term is unknown, 

says Jornitz, but the facilities can 

be used for other production if 

it is designed with containment, 

segregation and repurpose in mind. 

“Podular infrastructures have the 

benefit of being mobile, autonomous, 

and built for segregation. These 

units can either be used for other 

applications, moved to a different 

location where capacity is needed, or 

broken down to smaller segments for 

totally different needs. Repurposing 

cleanroom infrastructures is part 

of the total cost ownership value,” 

explains Jornitz. 

Turnkey facilities
The industry is moving toward the 

use of turnkey, predesigned facility 

platforms, says Jornitz. “Today, most 

of these facilities are piecemeal 

and at the end everybody hopes it 

will work, but it really all depends 

on the experience and capabilities 

of the project management,” he 

says. Moving to turnkey facilities 

reduces the dependence on 

project management and allows 

more predictability. G-CON and IPS 

partnered to offer the iCON turnkey 

modular facility platform solution 

for biomanufacturing, and Jornitz 

says it can be used for vaccine 

production. “It is a complete package, 

tying together the facility, utilities, 

cleanroom infrastructure, equipment, 

and automation,” explains Jornitz. 

G-CON also partnered with Pall to 

offer a viral vector manufacturing 

platform with process equipment 

from Pall inside a G-CON POD 

cleanroom. The platform is offered 

in four scales, from process 

development through CGMP clinical 

and commercial manufacturing. 

In May 2020, Exyte and 

Univercells Technologies 

announced a partnership to deploy 

modular, standardized facilities 

for manufacturing vaccines (1). 

Univercells’ NevoLine vaccine 

manufacturing platform is an 

intensified process that uses 

continuous/semi-continuous  

process equipment with automation, 

and the small manufacturing footprint 

can be housed inside the ExyCell 

cleanroom. The facilities can be 

commissioned quickly, regardless of 

location, says Kappeler. 

“Univercells’ process … allows 

an unprecedented reduction 

in the necessary scale and the 

required floor space. We see these 

developments as fundamental for 

“Modular systems enable 
the manufacturer to 
produce regionally on 
the required scale and 
react flexibly to the 
current situation and local 
requirements.”

      —Stefan Kappeler, Exyte

“Templated design 
can provide greater 
cost predictability and 
certainty up front, with 
a more predictable and 
consistent construction 
schedule.”  

        —Peter Walters, CRB
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“Companies need to have a way 

to pivot spaces between different 

production platforms without having 

to gut them and renovate every 

time,” says Walters. “Leveraging the 

flexibility of single-use technologies, 

equipment can be rearranged within 

flexible production spaces to allow 

for shifting to production of different 

products. Companies having more 

facility spaces with this level of 

flexibility in mind may just help set 

the stage for a more rapid industry 

response to the next global shortage.

Reference
1. Exyte, “Exyte and Univercells 

Technologies Combine Forces 
for Rapid Deployment of Vaccine 
Production Plants in the Wake of the 
COVID-19 Pandemic,” Press Release, 
14 May 2020. PTE

future vaccine facilities, as they 

enable a significant downsizing of 

the plant design and a reduction in 

complexity regarding the provision 

of utilities or the biosafety level 

requirements for building and 

installations,” explains Kappeler. 

Facility of the future 
The COVID-19 pandemic has put 

a spotlight on the need to be able 

to respond quickly and be better 

prepared for the next time. In the 

future, although some of the more 

traditional, large-scale processes for 

vaccine manufacturing may not see 

dramatic change, cell-based vaccines 

will have smaller, more flexible 

footprints with more single-use 

process technologies, suggests 

Jornitz. “We see a strong pull for 

in-country/for country manufacturing 

sites [that] are ultimately smaller 

and still meet the capacity needs. 

COVID showed that dependency 

on supplies from other countries 

could jeopardize the fulfillment 

of healthcare needs in one’s own 

country. These types of facilities will 

see a higher utilization even with 

seasonal vaccine needs and could 

potentially be used for multi-product 

purposes,” he predicts. 

Belgian-based Univercells developed the NevoLine sIPV 
system in early 2019 as its first automated, small-foot-
print, intensified process for Polio vaccine production 
(1). The platform, which integrates modules from cell 
culture to virus inactivation, was initially developed as 
part of a grant from the Bill & Melinda Gates founda-
tion to manufacture a low-cost inactivated polio vac-
cine. When the company branched out the equipment 
and technologies offer into Univercells Technologies 
in May 2020 (2), one of the focuses was delivering the 
next-generation NevoLine Upstream platform, based 
on the same concepts, for manufacturing of viral vac-
cines, gene therapies, and oncolytic viruses. Pharma-
ceutical Technology Europe spoke with Tania Pereira 
Chilima, Deputy CTO at Univercells Technologies about 
their technology and how it can be used in viral vec-
tor manufacturing, which is needed for production of 
some of the COVID-19 vaccine candidates. 

Challenges and benefits
PTE: What are the current needs in viral vector manu-
facturing? 

Pereira Chilima (Univercells Technologies): Viral 
vector manufacturers face several challenges. These 
include establishing platform processes using existing 
technologies, as different products have different dose 
sizes and relate to different incidence rates of the 
disease. Hence, annual throughputs can vary by >100-
fold for different indications, making it challenging to 
select a ‘one-size-fits-all’ system. Moreover, scalability 
and complexity of process development is also a 
challenge today, as for the highest dose applications, 
current technologies will struggle to support cost-
effective manufacturing solutions. 

We have scoped out these challenges and developed 
a system that addresses them by designing the 
scale-X bioreactor range for linear scale-up from 
an R&D scale to commercial scale in the NevoLine 

Upstream biomanufacturing platform. Moreover, the 
structured fixed-bed design has shown to enable 
significant increase in productivity in comparison 
with competing technologies, enabling significant 
costs reductions during process development and 
commercial manufacture.

PTE: What  are some of the benefits and  
challenges of intensification?

Pereira Chilima (Univercells Technologies): 
Process intensification has shown significant 
benefits in bioprocessing. Perhaps some of the more 
important benefits of this approach include increases 
in productivity and reductions in footprint leading to 
reductions in CAPEX [capital expenditures] and finally 
cost of goods. An example of how this intensification 
is achieved in the NevoLine Upstream platform is 
our high cell density structured scale-X fixed-bed 
bioreactor, which is the centrepiece of the NevoLine 
Upstream system. Intensification was applied in the 
design of this system, as the biomass is immobilized in 
the structured fixed-bed while the cell culture media 
is perfused/recirculated in and out of the bioreactor. 
This [design] enables very high cell densities to be 
reached, reducing the size of the bioreactors as well 
as footprint and easing operations. Moreover, the 
benefits of process intensification are maximized if this 
principle is coupled with automation and chaining. The 
combination of these principles will enable automated 
parallelization of unit operations to further reduce 
costs, footprint, CAPEX, and process risks through 
reductions of manual interventions.

References
1. Univercells, “Univercells Introduces Breakthrough Vaccine 

Manufacturing Platform,” Press Release, 11 Jan. 2019.
2. Univercells Technologies, “Launch of Univercells Tech-

nologies for Intensified Automated Technologies,” Press 
Release, 5 May 2020.

Intensifed process offers cost-effective viral vector manufacturing

“We see a strong pull for 
in-country/for-country 
manufacturing sites that 
are ultimately smaller and 
still meet capacity needs.”

        —Maik Jornitz, G-CON
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Authorisation Applications for 

candidate vaccines,” she says. Some 

academic institutions and small- and 

medium-sized enterprises involved 

in COVID-19 vaccine development, 

according to Keitel, may not be 

aware of all the applicable regulatory 

requirements. 

“More than 40 quality standards 

relevant for vaccines have 

been published on our website. 

Developers can take them into 

account to help build appropriate 

analytical control strategies for 

their COVID-19 candidate vaccines 

and ensure the quality and safety 

of the final product,” says Keitel. 

“Furthermore, a document compiling 

selected training materials related 

to vaccines was also published to 

help accelerate users’ understanding 

of the European Pharmacopoeia 

and how to apply relevant texts. 

To bridge a gap, the EDQM has also 

drafted and published a non-binding 

guidance document on viral vectored 

vaccines, one of the new technology 

platforms of special interest for 

COVID-19 candidate vaccines.”

EDQM is also coordinating the 

European Network of Official 

Medicines Control Laboratories 

(OMCLs) for official control authority 

batch release (OCABR) to prepare 

for the additional release test for 

COVID-19 vaccines independent 

from the manufacturer, in line with 

European Union legislation. “This 

work includes a guidance document 

on the transfer of relevant tests, 

which, in order to save time, will 

not depend on the final validation 

of the analytical methods; and an 

information table on the testing 

capabilities of the different OMCLs, 

so that manufacturers can easily 

select the most appropriate OMCL 

for their products,” says Keitel.

“And of course, we have also 

continued to meet regularly with 

various stakeholders. We met with 

National Pharmacopoeia Authorities 

(NPAs) on a weekly basis during the 

first half of the year, and we now 

meet on a monthly basis in addition 

to the traditional annual meeting. 

T he race for the development and approval of treatments and 

vaccines for COVID-19 is well under way, and regulators and other 

organizations are working with the bio/pharmaceutical industry to get 

these products into the hands of patients. As ever, pharmacopoeias 

play a role in providing a standards framework for the development, 

manufacture, and regulatory approval of these life-saving medicines. 

With the current challenges facing industry and regulators, how has 

the European Directorate for the Quality of Medicines and HealthCare 

(EDQM), which publishes the European Pharmacopoeia (Ph. Eur.), been 

assisting in the development of COVID-19 treatments and how has the 

pandemic affected the organization’s operations?

EDQM has revised its production planning to adapt its approach as 

the pandemic crisis develops, according to EDQM Director Susanne 

Keitel. “We also reorganized our production process. These changes 

have enabled us to maintain an uninterrupted supply of reference 

standards throughout the crisis, which I consider to be a significant 

achievement since our portfolio covers more than 3000 different 

standards,” Keitel says.

EDQM has relied on virtual meetings to communicate with 

international partners since the pandemic started and has organized 

several online conferences. “These have included training on the 

new European Pharmacopoeia approach to the Management of 

Extraneous Agents in IVMPs and special information sessions for 

new chairs of groups of experts of the European Pharmacopoeia 

Commission,” says Keitel.

Developing COVID-19 medicines
EDQM is working closely with the European Medicines Agency 

(EMA) to provide COVID-19 vaccine developers access to guidelines, 

resources, and applicable pharmacopeial texts, says Keitel. “The 

EDQM, for its part, has made available European Pharmacopoeia 

texts that are relevant for developers in the context of Marketing 

Susan Haigney

EDQM Combats  
COVID-19 and Makes  
Plans for Future
The European Pharmacopoeia is preparing for 2021 while also  
supporting the industry to develop vaccines and treatments for COVID-19.
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We also have frequent meetings 

with industry associations and 

representatives of the OMCL system. 

Last but not least, we have liaised 

regularly with other international 

pharmacopoeias to help co-ordinate 

the public health response in 

Europe with that of the other world 

pharmacopoeias,” she says. 

Updates to Ph. Eur.
Several updates were made to Ph. 

Eur. in 2020, according to Keitel, 

including a new general chapter 

(2.6.32. Test for bacterial endotoxins 

using recombinant factor C) in 

Supplement 10.3 that offers an 

alternative to limulus amoebocyte 

lysate (LAL)-based testing methods. 

Supplement 10.3, which was 

published in July 2020, also included 

a revision to general chapter 2.9.19. 

Particulate contamination: sub-

visible particles. This allows for 

alternative procedures for small-

volume biologics. “The new general 

chapter, 5.17.2. Recommendations on 

testing of particulate contamination: 

visible particles, provides clarity on 

how to interpret the requirement to 

be ‘practically free from particles’ 

in production and quality control, 

including during stability studies,” 

says Keitel. 

“A revised dosage form monograph 

on Nasal preparations (0676) was 

aligned with EMA guidelines for 

uniformity requirements for nasal 

sprays, number of deliveries 

and leak rate. Similarly, for 

oromucosal preparations, dental 

preparations were added and the 

sections on sprays and drops were 

separated. Chapter 2.2.2. Degree 

of coloration of liquids, revised by 

the Pharmacopoeial Discussion 

Group (PDG) with the addition of a 

harmonized instrumental method, 

also came into force in 2020,”  

says Keitel.

In 2021, EDQM plans to continue to 

implement the International Council 

for Harmonisation (ICH) Q3D guideline 

on individual monographs. There are 

also plans for a revision of the general 

notices for the dissolution test, a new 

technical guide on finished product 

monographs, and a general chapter 

on the analysis of N-nitrosamine 

impurities in active substances and 

finished products, according to Keitel.

“Depending on our 

harmonization work conducted 

with the US Pharmacopeia and the 

Japanese Pharmacopoeia in the 

Pharmacopoeial Discussion Group, 

we expect to finalize the revision 

of chromatographic separation 

techniques, the Ph. Eur. chapter 

2.2.46,” says Keitel. “Other updates 

will concern requirements for 

parenteral preparations on visible and 

sub-visible particulate and bacterial 

endotoxin text/endotoxin testing. In 

addition, medicated plasters will be 

covered by a dosage form monograph 

and the disintegration method  

for large tablets in general chapter 

2.9.1. Disintegration of tablets and 

capsules will be adapted to allow 

stepwise testing.”  PTE

With the current challenges facing industry and 

regulators, how has the US Pharmacopeia (USP), which 

publishes the United States Pharmacopeia–National 

Formulary (USP–NF), been assisting industry in the 

development of COVID-19 treatments?

USP, like many other organizations, has been ensuring 

the safety of its staff and shifted the majority of its staff 

to working remotely in March 2020, according to Jaap 

Venema, PhD, chief science officer at USP.  “Critical lab 

functions continued in a way that minimizes the risk to 

on-site staff,” says Venema. 

For USP, building trust in the effectiveness of COVID-

19 vaccines and treatments, ensuring global access 

to these treatments, and combating falsified and 

substandard medicines are the focus, according to 

Fouad Atouf, PhD, vice president, USP Global Biologics. 

USP has been offering free resources and technical 

expertise to developers of COVID-19 vaccines and 

treatments since early 2020, says Atouf, including free 

and discounted education, limited-time free access 

to the USP–NF, and free samples of USP monoclonal 

antibody reference standards. 

“Scientists and manufacturers working on developing 

new vaccines and treatments, increasing the 

production of approved drugs, and advancing other 

projects to tackle COVID-19 can access the USP–NF 

Online free for six months. Also, we have extended 

implementation dates and comment periods for 

our compendia, recognizing the challenges that 

the pandemic has brought to drug developers and 

manufacturers,” says Atouf.

“USP’s role in the wake of COVID-19 is multi-pronged: 

we are helping to accelerate the work of scientists and 

manufacturers in developing vaccines and treatments; 

supporting front line workers who will administer 

COVID-19 vaccines and treatments and who have been 

affected by shortages of critical drugs and personal 

protective equipment; and working on developing 

insights on current supply chain vulnerabilities and 

ways to strengthen it,” says Atouf. 

“Our expert volunteers and scientific staff can advise 

on novel vaccines, monoclonal antibody therapies, 

antiviral and cell therapies, and immunoglobulins or 

convalescent plasma treatments. And for existing 

and new therapies, USP compendial tests and 

methods address common issues shared by all 

drug manufacturers, such as suitability, validation, 

contamination control, stability testing, and 

qualification of raw materials,” Atouf adds.

—Susan Haigney

The US Pharmacopeia and COVID-19
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nitrosamine impurities being present in 

human medicines. The lessons learnt 

group made recommendations covering 

prevention, incident management, 

market surveillance, communication, 

and international cooperation. The 

group evaluated relevant guidelines and 

determined that certain amendments 

and clarifications would help both 

companies and regulators better 

assess the potential for impurities, 

such as nitrosamines. These aspects 

are discussed in more detail within 

this article.

Root causes of the  
presence of nitrosamines
Nitrosamines belong to a well-known 

group of carcinogens known as 

N-nitroso compounds because of 

their reactivity with DNA metabolizing 

into potent carcinogen diazonium 

ions. Nitrosamine formation lies in 

the oxidative release of the known 

nitrosating agents and subsequent 

nitrosamine formation by reaction 

with secondary and tertiary amines 

or dealkylated ammonium salts under 

acidic conditions.

The reagents, solvents, catalysts, 

and reaction conditions used during 

the tetrazole ring formation of sartans 

are the main causes for the presence 

of nitrosamines. Quenching of the 

starting material azide with nitrosating 

agent in the presence of solvent DMF 

and the sartan product to ensure fast 

and complete depletion of explosive 

hydrazoic acid is favoured for process 

safety reasons. This combination 

of reagents was a key pathway for 

nitrosamine formation and was 

successfully prevented through 

isolation of the drug substance before 

precarious quenching. 

Importantly during the Article 31 

review, it was noted that sodium 

nitrite was seldom identified in the 

drug substance documentation, or 

it was briefly listed as a raw material 

and omitted from the drug substance 

process description. In some cases, 

sodium nitrite was added in the process 

as part of a scale up activity, introduced 

through variation procedures, which 

could be categorized as a minor change 

M edicine regulatory authorities were alerted of the presence of the 

nitrosamine impurity, N-nitrosodimethylamine (NDMA), in products 

containing valsartan in July 2018. Valsartan is an Angiotensin II Receptor 

Blocker (ARB) belonging to a class of products commonly referred to 

as sartans. The medicines containing valsartan API were immediately 

recalled, and a regulatory review was triggered in accordance with 

Article 31 of Directive 2001/83/EC (1). Further nitrosamine impurities 

were detected in other sartan drugs as well as in pioglitazone, ranitidine, 

nizatidine, and metformin products. 

The use of the solvent dimethylformamide (DMF) alongside other 

reagents was ascertained as the main source of nitrosamine impurities. 

It is the concurrent presence of dimethylamine, a degradation product of 

DMF along with sodium nitrite in the presence of an acid which generated 

NDMA. Other contamination factors included solvent, reagents, and 

poorly cleaned manufacturing equipment already contaminated with 

nitrosamines, leading to potential cross contamination. The Committee for 

Medicinal Products for Human Use (CHMP) immediately set interim limits 

for NDMA in APIs based on acceptable intake calculated in accordance 

with International Council for Harmonization (ICH) M7 (2). All concerned 

marketing authorization holders (MAHs) were subsequently required to 

make necessary changes to their API manufacturing process to minimize 

nitrosamine contamination. 

The European network (European Commission, the European Medicines 

Agency [EMA], national competent authorities in the European Economic 

Area [EEA], and the European Directorate for the Quality of Medicines and 

Healthcare [EDQM]) decided that the outcome of the Article 31 review 

of sartans must be considered by all MAHs for medicines containing 

chemically synthesized active substances (and later on biological products) 

through an Article 5(3) procedure to evaluate the risk of nitrosamines being 

present in their product and to take appropriate risk mitigation measures. 

In parallel, the European network engaged in a lessons learnt 

exercise (3) and made recommendations to reduce the potential of 

Stephanie Snow is 
CMC manager and Niamh 
Panesar is CMC senior 

manager, both at Kinapse 

Ltd, UK; and Rakesh 
Suman is consultant at 

Kinapse Ltd, India.

Nitrosamine Impurities  
in Medicinal Products
Industry should improve the standards on application of risk  
management tools in light of the cases of nitrosamine impurities.
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providing the scale up is up to 10-fold 

and the API specification is unchanged; 

thus lacking rigorous agency evaluation 

leading to potential failure in risk 

identification. 

The review also found that the use of 

recycled solvents, reagents, or catalysts 

from third-party suppliers were further 

causes of nitrosamine contamination, 

as were good manufacturing practice 

(GMP) violations that resulted in 

cross-contamination in multi-purpose 

facilities and operator-related issues, 

such as inadequate phase separations. 

Contamination of finished products 

packaged in nitrocellulose blisters was 

also discovered. In this case, elimination 

of the nitrocellulose primary packaging 

through a minor regulatory change to 

the container closure system eliminated 

the risk of nitrosamine formation.

Degradative mechanisms for amine 

generation and nitrosamine formation 

without considering the potential 

presence of secondary and tertiary 

amine impurities in the applied solvents 

(such as dimethylformamide [DMF] or 

N-methylpyrrolidone), reagents (such as 

trialkyl amines), and catalysts (such as 

quaternary ammonium salts) were the 

predominant focus of the Article 31 root 

cause analysis as the most plausible 

cause for the origin of nitrosamines in 

sartans. These multiple root causes 

pose a risk of nitrosamine formation 

and should be avoided in manufacturing 

processes unless proved necessary.

Lessons learnt and 
recommendations
The efficacy and robustness of 

the European network guidelines, 

developed in conjunction with 

international partners—CHMP’s 

Guideline on the Chemistry of Active 

Substances, ICH Q11, ICH Q3A (R2), 

and ICH M7 (R1)—were challenged 

during the investigations subsequent 

to the contamination of nitrosamines 

in sartans and other APIs. In light of 

the Article 31 exercise for the sartans 

products, a series of lessons learnt 

were published on the EMA website (3).

• The importance of the possible 

side reactions leading to formation 

of nitrosamines as well as the 

thorough investigations of the 

potential interactions between 

all the materials and degradants 

necessitates more detailed 

information to be present in the 

regulatory dossiers.

• The need for transparent exchange 

of technical information through 

improved quality agreements 

between the APIs manufacturers, 

third-party manufacturers, and 

MAHs during process development, 

supplier qualification, but also 

subsequently during the lifecycle 

of the product through better 

quality audits. Confidentiality 

aspects between the MAHs, active 

substance master files (ASMFs) 

holders, and certificate of suitability 

(CEP) of API substances can 

significantly hamper the scientific 

evaluation required.

• The correct class of variations 

were not always selected due to 

lack of clarity in the conditions to 

be fulfilled. In particular, in case 

of Type IA category, an in-depth 

scientific regulatory assessment 

may be missed during evaluation.

Potential revisions to the guidelines 

on responsibilities of MAHs and 

manufacturers include (3):

• Clarify the MAHs responsibilities, 

versus finished product 

manufacturers, API manufacturers, 

ASMF holders, and API CEP 

holder’s responsibilities throughout 

the lifecycle of the product.

• Facilitate information exchange 

between CEP or ASMF holders 

and MAHs regarding impurity 

formation so that the MAH can take 

full responsibility for the quality of 

their products.

• Cultivate the importance of in-depth 

development studies and product 

knowledge to strengthen the 

oversight of the entire supply chain.

• Consolidate the quality 

agreements between MAHs 

and API manufacturers and 

request detailed audits of API 

and intermediate manufacturers, 

improve the quality of the qualified 

person (QP) declaration system to 

increase reliability.

• Re-evaluate requirements in the 

European Union variations guideline 

for conditions/documentation for 

variations associated with adding 

or changing API manufacturers and 

manufacturing processes (including 

those documented in ASMFs and 

CEPs); in particular, for Type IA 

minor changes, which could result 

in insufficient scientific in-depth 

assessment by the regulators.

• MAHs to generate and submit their 

own information on impurities 

regardless of the route of API 

registration.

Potential revisions to the guidelines 

for controlling impurities are as 

follows (3):

• Publication of detailed information 

about potential sources of 

nitrosamine impurities and other 

‘cohort-of-concern’ compounds, 

as defined in ICH M7 (R1) (2), for 

substances containing some 

structural groups with high 

mutagenic or carcinogenic 

suspected potency.

• Addition of stringent requirements 

to the European general 

monograph on substances for 

pharmaceutical use to mitigate the 

risks of nitrosamines.

• Strengthening of some of the 

development studies provisions 

of the European guideline on the 

chemistry of active substances 

to prevent the generation of 

cohort-of-concern compounds 

and implementation of appropriate 

risks mitigation measures. It could 

include a requirement for the MAHs 

to submit a justification for the 

proposed manufacturing processes 

and mitigation measures as part of 

the regulatory dossier.

Potential amendments to ICH 

guidelines are as follows (3):

• ICH M7—to elaborate control 

of impurities requirements, 

implement mitigation measures, 

and establish limits for cohort-of-

concern compounds as well as 

considering retroactive application 

of the guideline to legacy products

• ICH Q7—to limit the use of reagents 

or recovery processes that may 
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US medicines and confirmatory 

testing results should be reported 

as soon as completed for EU 

medicines.

3. Report changes implemented to 

prevent or reduce nitrosamine 

impurities in APIs and drug 

products to agency; for licensed 

products, this step should be 

completed by 1 Sept. 2023 for US 

medicines, by 26 Sept. 2022 for EU 

chemical medicines and by 1 July 

2023 for EU biological medicines.

In October 2020, EMA also requested 

all MAHs of metformin-containing 

medicines to test their product before 

release to the market as a preventive 

measure to safeguard patients.

For pending applications, both 

agencies expect industry to initiate 

those mitigation steps and would 

request the applicant’s relevant risks 

assessments, and confirmatory test (if 

required) during assessment.

Reporting changes  
to regulators
As per FDA guidance, the drug 

manufacturers must report 

changes implemented to prevent 

or reduce nitrosamine impurities. 

Those changes must be directly 

documented by the impacted 

be a source of cohort-of-concern 

compounds and clarify mitigation 

measures

• ICH Q9—to provide benchmark 

expectations for suitable and 

robust risk assessments.

Additional clarifications in GMP 

guidelines regarding regulatory 

expectations for technology transfers, 

supplier qualification, as well as 

qualification and validation of facilities 

processes for active substance 

manufacturing were also part of the 

group recommendations (3).

Recent recommendations  
for industry
In July 2020, the CHMP assessment 

report of the Article 5(3) on 

‘nitrosamines impurities’ (4) was 

published providing recommendations 

for industry regarding the prevention 

of presence of nitrosamines in human 

medicines. Concomitantly, the US 

Food and Drug Administration (FDA) 

released a guidance concerning the 

control of nitrosamine impurities 

in human drugs (5). The CHMP 

assessment report and the FDA 

guidance advise API and drug 

product manufacturers to conduct 

risk assessments of their approved 

or marketed products and products 

with pending applications and take 

appropriate actions to reduce or 

prevent the presence of nitrosamines 

in their products.

The FDA guidance and the CHMP 

assessment report recommend the 

following acceptable intake (AI) limits 

for the nitrosamine impurities detailed 

in Table I. They also advise that 

manufacturers use these AIs when 

determining limits for nitrosamine 

impurities in APIs and drug products. 

The overall aim is to limit patient 

exposure to a total risk of not more 

than 1 in 100,000 life-time risk.

API and drug product manufacturers 

should also take a three-step plan to 

mitigate nitrosamine impurities in  

their products:

1. Assess the risk of nitrosamine 

impurities in APIs, marketed 

products, and products under 

approved and pending applications, 

and retain those in case requested; 

for licensed products, this step 

should be completed by 1 March 

2021 for US medicines, by 31 March 

2021 for EU chemical medicines 

and by 1 July 2021 for EU biological 

medicines.

2. Conduct confirmatory testing when 

there is any risk for the presence 

of nitrosamine impurities using 

suitable analytical procedures as 

soon as risks are identified; for 

licensed products, this step should 

be completed by 1 Sept. 2023 for 

Table I. Acceptable intake limits for some specific nitrosamines in drug products. 

Nitrosamine 
Acceptable intake limit 

(ng/day) as per FDA*
Acceptable intake limit (ng/day)
as per CHMP assessment report

N-nitrosodimethylamine (NDMA) 96 96.0

N-nitrosodiethylamine (NDEA) 26.5 26.5

N-nitroso-N-methyl-4-aminobutanoic acid (NMBA) 96 96.0

Ethylisopropyl-N-nitrosamine (EIPNA) -- 26.5

N, N-diisopropylethyl-N-ethylamine (DIPNA) -- 26.5

N-methyl-N’-nitrosopiperazine (MeNP) -- 26.5

N-nitrosodibutylamine (NDBA) -- 26.5

N-nitrosomethylphenylamine (NMPA) 26.5 --

N-nitrosoisopropylethyl amine (NIPEA) 26.5 --

N-nitrosodiisopropylamine (NDIPA) 26.5 --

* The acceptable intake (AI) limit is a daily exposure to one of the compounds identified that approximates a 1:100,000 cancer risk 
after 70 years of exposure. The conversion of AI limit into ppm varies by product and is calculated based on a drug’s maximum daily 
dose (MDD) as reflected in the drug label (ppm = AI (ng)/ MDD (mg)).
-- limit not advised.

Information in this table has been adapted from Committee for Medicinal Products for Human Health (CHMP) (4) and US Food and 
Drug Administration (FDA) (5) guidance documents.

Contin. on page 49
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borosilicate glass containers are made 

annually worldwide for use with a wide 

variety of vaccines and treatments (2). 

With well-established infrastructure 

and long-term fill/finish experience, 

most COVID-19 vaccines will likely use 

this packaging format. In fact, SCHOTT, 

which operates a global validated 

production network with 20 plants and 

more than 600 production lines for 

pharma glass and packaging, already 

has delivered millions of glass vials to 

SARS-CoV-2 programmes including 

supplying three out of every four 

COVID-19 vaccine projects undergoing 

Phase I, II, and III testing (3). 

Schmidt believes demand for glass 

vials generated by the approval of one 

or more COVID-19 vaccines can be met 

without causing shortages for non-

COVID-related vaccines, treatments, 

and diagnostics. He reports, “We 

are closely monitoring the demand 

for vials. The supply process for 

pharmaceutical vials itself has not 

changed and is based on standardized 

procedures. As a packaging supplier, 

we know with several months lead 

time how many vials to deliver and 

when to deliver them. This [lead time] 

gives us enough room to prioritize 

our production. Since we produce 

the pharmaceutical glass tubing for 

the packaging ourselves, we are also 

able to adjust the capacities for glass 

production in advance, which also 

benefits packaging manufacturers 

who do not have their own glass 

production facilities.”

SCHOTT and other producers of 

borosilicate glass containers, such 

as Stevanato Group, Gerresheimer, 

Corning, and DWK Life Sciences, 

have been working to boost capacity 

and quality for some time (2, 4). 

SCHOTT announced in 2019 it would 

invest approximately US$1 billion 

(€844.4 million). “We are on track 

to increasing tubing capacity by 

roughly 40,000 tons by the end of 

2021,” says Fabian Stöcker, vice-

president of strategy and innovation 

at SCHOTT Pharmaceutical Systems. 

“That equals roughly seven billion 

pharma packaging containers,” he 

explains. The investment programme 

I f the COVID-19 pandemic has a theme, it’s shortages. At times, 

there hasn’t been enough personal protective equipment for front-

line workers and caregivers or ventilators for the sickest victims. 

In addition, limitations related to testing, lab capacity, and contact 

tracing continue to make it difficult to identify those exposed to the 

virus in a timely manner. 

When a vaccine becomes available, will the packaging supply chain 

be better prepared? Suppliers are working hard to prevent shortages 

and bottlenecks. Because many organizations are developing 

vaccine candidates that look promising, there is a possibility more 

than one vaccine will be commercialized. If these vaccines rely on 

different administration routes (e.g., inhaled, oral, transdermal, and 

injectable), then demand for primary packaging can be extended 

across multiple packaging formats. Relying on a combination of blow-

fill-seal syringes, glass-coated plastic vials and syringes, fused-quartz 

vials, microneedle array patches, prefilled glass or plastic syringes, 

traditional glass vials or syringes, bottles for solid dosage forms, or 

metered-dose inhalers may be needed to quickly deliver the billions of 

COVID-19 vaccine doses that will be required. 

Another shortage-mitigation factor is that packaging suppliers and fill/

finish operations were investing heavily to meet rising demand before 

the pandemic started and have accelerated efforts in recent months to 

ensure they will be ready to address the skyrocketing need generated by 

the approval of COVID-19 vaccines and treatments (1). “We are confident 

that there will be enough primary packaging containers available globally 

to deliver one or more vaccines safely and fast to the people,” says 

Stefan Marc Schmidt, vice-president of global sales and marketing at 

SCHOTT Pharmaceutical Systems. 

Glass vials and syringes
Borosilicate glass is the most widely used material to package vaccines 

and has been used for more than a century. Approximately 50 billion 

Hallie Forcinio
is Pharmaceutical 

Technology Europe’s 

packaging editor.

Is the Packaging  
Supply Chain Ready? 
Packaging suppliers prepare to meet the demand  
unleashed by COVID-19 vaccines and treatments.  
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enables rapid ramp-up of production. 

“Since our sites are already validated 

by the authorities and by major 

pharma companies, our expansion 

is happening at a very fast pace,” 

reports Stöcker. 

DWK Life Sciences has more 

than doubled production capacity 

for borosilicate glass vials at its ISO 

9001-certified plant in Rockwood, TN. 

Specific upgrades include the addition 

of automated tube loaders with vertical 

loading capabilities; automated, 

touchless manufacturing processes; 

and Class 8-certified cleanroom 

robotic packing. “By converting to 

state-of-the-art lines, complete with 

dimensional and cosmetic vision 

inspection equipment, we’ve increased 

productivity in the plant and are 

delivering industry-leading quality for 

glass vials,” said Rick Schwartz, senior 

vice-president of marketing and sales 

at DWK Life Sciences (4).  

Corning produces both borosilicate 

glass tubing and coated aluminosilicate 

Valor Glass vials. For Valor Glass 

vials, an ion-exchange process helps 

minimize breakage, cracks, and 

particulate contamination, while 

the coating lowers the coefficient of 

friction and eliminates cosmetic flaws. 

Despite eliminating boron and adjusting 

the ratios of other ingredients, Valor 

Glass meets the current United States 

Pharmacopeia (USP) Type I hydrolytic 

criteria and has low extractable 

concentrations (5). 

Valor Glass vials can enable drug/

vaccine manufacturing fill lines to 

run at much higher speeds while 

maintaining high operational efficiency 

(80+%) and improved yields compared 

to conventional containers, reports 

Corning. “Increased speed improves 

capacity for producing COVID-19 

countermeasures,” notes Brendan 

Mosher, vice-president and general 

manager of Corning Pharmaceutical 

Technologies. He continues, “We 

believe that both [borosilicate and 

Valor Glass] can play an important 

role in the supply chain for COVID-19 

pharmaceutical products.” 

In mid-October 2020, Corning 

projected it would ship tens of millions 

of vials in the coming weeks to 

multiple United States’ Operation Warp 

Speed vaccine developers. Mosher 

reports, “We’ve quadrupled capacity 

at our Big Flats manufacturing facility 

in New York and will be able to ship 

enough vials to support hundreds of 

millions of COVID-19 vaccine doses 

next year. We will continue to scale 

manufacturing to meet increasing 

customer demand over the next  

three years and beyond.” 

A new glass furnace installed at its 

Vineland, NJ facility was scheduled 

to begin serving customers in 

November 2020. Mosher says, “With 

the US government’s investment 

that we announced in June, we will 

be able to scale manufacturing to 

meet increasing customer demand. 

This will result in a three- to four-fold 

capacity increase by the end of this 

year, and a 10-fold increase by the 

end of next year as our Durham, NC, 

manufacturing footprint comes online 

in the second half of 2021. Per the 

agreement ... with BARDA [Biomedical 

Advanced Research and Development 

Authority, part of the US Department 

of Health and Human Services’ 

Office of the Assistant Secretary 

for Preparedness and Response], 

Corning will provide priority access to 

designated BARDA vaccine and drug 

development partners.”

Glassmakers also have focused on 

preventing supply chain problems. 

At SCHOTT, Schmidt says, “When the 

pandemic started, we knew that we 

needed to make sure that our products 

were getting to customers without 

delay.” Incoming supplies were secured 

and authorities were alerted to ensure 

the products would be regarded as 

essential and shipments would not be 

stalled in transit. 

Andrea Zambon, marketing and 

product management director at 

Stevanato Group, reports, “Since 

the outbreak of COVID-19, we’ve 

been securing supplies. We’ve 

increased our staff in production 

and redesigned shifts [so they could 

continue] to produce without any 

stop and deliver our products while 

preserving our staff’s health and 

safety. We’ve proactively invested 

by adding significant capacity as 

much as we could in our worldwide 

operations for the production of bulk 

and ready-to-use vials. We’ve been 

able to act fast, installing the latest 

generation of our glass converting 

lines, which we produce in-house 

through our company Spami.”

Fused-quartz vials 
Stevanato Group also is collaborating 

to supply Pur Q fused-quartz vials 

from Momentive Technologies 

in Stevanato’s EZ-fill packaging 

format, which provides ready-to-use 

containers for aseptic fill/finish 

operations. The EZ-fill configuration 

gives pharma companies clean, 

sterilized, and depyrogenated ready-

to-fill containers with a high level 

of machinability and compatibility 

with existing fill/finish technology. 

“Pur Q vials conform to the ISO 

vial dimensional requirements, 

which ensure their compatibility 

with all the leading stopper/closure 

systems ... used on these vials, 

in the pharmaceutical industry 

today,” explains Robert Koch, global 

commercial director at Momentive 

Technologies.

Made from 99.995% pure silicon 

dioxide (SiO2), the fused-quartz 

vials have an exceptionally inert, 

nonreactive surface that virtually 

eliminates any risk of interaction with 

packaged drug formulations (6). Koch 

reports, “The raw materials are very 

tightly controlled and then subjected 

to a number of refining steps that 

result in the consistent, industry-

leading purity. Each batch of raw 

material undergoes a trace elemental 

screen using ICP-OES [inductively 

coupled plasma-optical emission 

spectrometry] before it is released for 

production,” he adds. 

In comparison, Koch says, 

“Conventional Type I vials in use today 

are typically 75–80% SiO2 with the 

remaining components comprised of 

additives, particularly from the boron, 

alkali, and alkaline earth groups. 

While borosilicate Type I glass vials 

are an effective packaging material 
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Bottles and blisters 
Although many of the vaccine 

candidates are parenteral dosage 

forms, oral vaccines are under 

development by Vaxart (7) and Merck 

(8). If successful, these vaccines 

would likely rely on conventional high-

density polyethylene or multilayer 

barrier bottles or blister packaging 

commonly used for solid dosage 

forms. “SARS-CoV-2, the coronavirus 

that causes COVID-19, is primarily 

transmitted by viral particles that 

enter through the mucosa—nose, 

mouth, or eyes—strongly suggesting 

that mucosal immunity could serve as 

the first line of defense. In addition, 

our vaccine is a room temperature-

stable tablet, an enormous logistical 

advantage in large vaccination 

campaigns,” stated Andrei Floroiu, 

CEO of Vaxart (7). A self-administered 

solid-dose vaccine eliminates the 

need for sterile fill/finish operations 

and temperature-controlled handling 

and also offers sustainability benefits 

because it would eliminate the need 

to dispose of administration supplies, 

such as vials, syringes, needles, 

gloves, masks, and cotton balls (9). 
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for many of the pharmaceutical drugs 

on the market today, Pur Q vials 

are ideal for sensitive drugs where 

interaction with even trace elements 

could be detrimental.”

EZ-fill secondary packaging stores 

vials safely in a tray or nest-and-tub 

configuration for efficient filling, while 

minimizing glass-to-glass contact and 

the chance of breakage, cosmetic 

defects, or particulate generation 

during fill/finish operations. The ready-

to-use format allows drug makers to 

screen early-stage drug formulations 

and scale up to full production, 

without changing the container or 

filling process (6). “Being a ready-to-

fill solution, SG EZ-fill can speed up 

the time to market,” explains Fabio 

Bertacchini, director of product 

management at Stevanato Group.

In addition, a low (near zero) 

coefficient of thermal expansion 

makes the Pur Q fused-quartz vials 

extremely resistant to thermal shock 

and therefore compatible with any 

storage temperature. “As an example, 

in other industrial applications, fused-

quartz tubing is regularly exposed to 

temperatures of -196 °C,” says Koch, 

noting that storage temperatures for 

drug products in fused-quartz vials are 

more likely to be limited by stopper 

and closure system limitations. 

Stoppers and seals
Many of the vaccine candidates 

rely on a vial format, which requires 

stoppers and seals. To prevent 

shortages of these components and 

bottlenecks in vaccine distribution, 

West Pharmaceutical Services, a 

supplier of stoppers and flip-off seals 

with 25 plants worldwide, is taking 

steps to ensure adequate supplies. 

“We are working with our suppliers 

so we will have the raw materials 

needed to meet these huge demands, 

and we are investing in capacity and 

flexibility to quickly meet market 

needs,” reports Whitney Winters, 

senior director, strategic marketing, 

Biologics at West Pharmaceutical 

Services. “In some cases, we are 

talking with suppliers and customers 

daily,” she reports. 

In addition, she says, “We are 

spending a lot of time in scenario 

planning for next year to ensure 

we’ll be able to meet the needs of 

COVID-19 vaccines, treatments, and 

diagnostics while still supporting 

makers of non-COVID-19 vaccines, 

treatments, and diagnostics.” As a 

result, West Pharmaceutical Services 

is scaling up both equipment and 

labor. Winters notes, “In-shoring is 

one of our top priorities. We’re adding 

production lines and team members 

to cover additional shifts and capacity 

ramp-up. Some plants already run 

24/7, others are adding shifts. We 

have two priorities—to ensure the 

health and safety of team members 

and to supply the market for 

COVID-19 and non-COVID-19 products 

without interruption.” 

One West product, the FluroTec 

stopper, is designed for sensitive 

biologics. A fluoropolymer barrier film, 

applied to the elastomer, provides 

a protective layer that separates 

the product from the stopper. The 

stoppers can be autoclaved by West 

and provided as a sterile component 

or sterilized at the fill/finish location. 

Seals also can be delivered as a sterile 

component after gamma sterilization 

by a third-party provider.  

The proven FluroTec technology 

and the company’s well-established 

NovaPure brand of stoppers provide 

vaccine makers with a high level 

of confidence the packaging will 

pass container/closure integrity and 

stability tests, says Winters. “Right 

now, vaccine makers need tried-and-

true packaging,” she says. To help 

save time, West’s Analytical Services 

Lab can assist with container/closure 

integrity testing. 

Suppliers are working 
hard to prevent shortages 
and bottlenecks. ... 
Packaging suppliers and 
fill/finish operations have 
accelerated efforts to 
ensure they will be ready 
to address the need 
generated by COVID-19 
vaccines and treatments. 
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Pharmaceutical Technology Europe 

spoke with Chantung; Scott Mohler, 

director of Business Development 

at Cascade Chemistry; and Joshua 

Hoerner, Chief Innovation Officer 

at Purisys, about how CDMOs 

involved in clinical trial materials’ 

manufacturing are responding to the 

current environment and what can be 

done to speed their clients’ projects. 

Current trends
PTE: How has the COVID-19 pandemic 

affected clinical trials materials 

manufacturing and packaging, and 

what do you see as industry trends? 

Hoerner (Purisys): The global 

pandemic has presented challenges 

to clinical trials in general, limiting the 

availability of trial slots and, in some 

cases, delaying trials for indications 

other than COVID-19. Securing raw 

materials for clinical trials, such as 

those aimed at evaluating therapies 

for COVID-19, can be especially 

difficult where the synthetic route 

is not fully mapped out, particularly 

for companies operating in the early 

biotech space where demonstrating 

proof-of-concept is vital to secure 

further funding.

Mohler (Cascade): Timing is a 

major challenge. It seems every year 

the desired timelines from clients 

grow shorter while the chemistry 

gets more complex. Having enough 

process research and development 

time to fully understand a process 

before it reaches the manufacturing 

space is essential. However, in 

many cases, synthetic routes have 

not been fully mapped out, and this 

means additional work is frequently 

required. With COVID-19 trials, the 

time pressure is even greater. 

The biggest trend we have seen 

is an overall lack of capacity in the 

API industry. We have had to rapidly 

expand our current GMP space as 

well as adding a second shift and 

weekend shifts to continue to meet 

demand. We doubled our GMP 

capacity in spring 2020 with new 

manufacturing space. Our new facility 

construction will continue through fall 

2021 when we will more than double 

T he speed at which the industry has been moving vaccines 

and treatments for the COVID-19 pandemic into trials and 

commercial production is unprecedented, and contract development 

and manufacturing organizations (CDMOs) are playing an important 

role in quickly adding capacity for clinical trial and commercial 

manufacturing. Lessons learned during the pandemic may also benefit 

manufacturing for clinical trials in general, as companies implement 

best practices for speeding up tech transfer processes. 

Ron Chantung, associate director of Drug Substance 

Manufacturing at global CDMO Ajinomoto Bio-Pharma Services 

(Aji Bio-Pharma), notes, “While there is always a constant influx of 

drug products to the market, since the start of the pandemic, the 

speed and the number of vaccines, therapeutics, and candidates 

that have entered in clinical development has been extraordinary, 

making CDMOs and their capacity for manufacturing these 

products in high demand.” 

Aji Bio-Pharma entered a manufacturing agreement in May 2020 with 

CytoDyn, a late-stage biotechnology company developing leronlimab, 

a monoclonal antibody CCR5 antagonist, for multiple therapeutic 

indications, including a clinical trial for patients with severe-to-critical 

COVID-19 indications (1). CDMO Cascade Chemistry is also providing 

clinical trial materials for COVID-19; in June 2020, Cascade was 

selected to manufacture the API for clinical trials of an investigational 

therapy from Renibus Therapeutics, RBT-9 (stannous protoporphyrin), 

an antiviral with organ-protective attributes that received Fast Track 

designation from the US Food and Drug Administration (FDA) and is 

being tested in high-risk COVID-19 patients (2). CDMO Purysis says 

it is supplying companies conducting COVID-19 research, whether 

by manufacturing repurposed antiviral compounds that do not have 

readily available good manufacturing practice (GMP) supply chains or by 

development and manufacturing of novel small molecule therapeutics 

for investigative new drug applications.

Jennifer Markarian

Manufacturing  
Materials for  
Clinical Trials 
CDMOs strive for flexible, adaptable processes 
and fast tech transfer for manufacturing 
investigational drug products, including 
COVID-19 treatments and vaccines. 
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our GMP capacity again as well as 

quadrupling our maximum batch size.

Chantung (Aji Bio-Pharma): In 

unparalleled ways, COVID-19 has 

altered the landscape of how CDMOs 

provide for clinical trials. After 

months of seeing disruption to clinical 

trials from travel restrictions and site 

closures to interrupted supply chains, 

we are now starting to see that trend 

slowly reverse. 

One interesting development that 

we have been keeping an eye on 

is the supply and demand for cold-

chain shipments. With countries 

imposing travel restrictions due 

to COVID-19, which may therefore 

present challenges within shipping 

lanes, re-assessing validated shipping 

containers has become a priority to 

ensure the biologic’s quality attributes 

maintain stability in transit. CDMOs 

need to gauge their internal capacity 

of temperature storage units, form 

strategic partnerships with logistics 

companies, and potentially offer 

validated temperature storage of 

clinical trial material. 

In response to this ever-changing 

environment, it is more important 

than ever for CDMOs to ensure they 

are proactive with how they plan, 

resource, and execute programmes 

with their customers, rather than 

reacting to the larger challenges 

they are facing with supply chain and 

general product development. 

Beyond monitoring stock and 

working closely with outside suppliers, 

we have found that providing 

customers options to select from 

in stock, preferred components 

and excipients from GMP-audited 

and qualified vendors helps reduce 

variables and speeds up the 

manufacturing timeline. Additionally, 

utilizing an existing library of packaging 

and labelling components and 

employing existing validated shipping 

configurations and preferred couriers 

can help drug sponsors overcome any 

logistical hurdles to clinical trials.

Technology developments
PTE: Can you comment on any 

technology developments or best 

practices that are helping to speed up 

processes? 

Chantung (Aji Bio-Pharma): One 

aspect is the limitations placed on 

travel and onsite visitors at a CDMO. 

Organizations are becoming creative 

in hosting virtual, video audits to 

maintain the regulatory and quality 

commitments to agencies and clients, 

as well as showcase capabilities to 

prospective business partners. The 

ability to observe the manufacturing 

process is something that varies 

among CDMOs. A virtual and online 

site visit and audit experience helps 

ensure customers are meeting their 

quality obligations for selecting or 

maintaining a qualified vendor. Through 

the use of secure document sharing 

platforms, remote viewing systems, 

and virtual site tours, clients can be 

assured they will be able to perform a 

thorough review of facilities and quality 

systems and have connections with 

the subject matter experts and remote 

access to live action activities to meet 

their programme requirements and 

quality standards. 

For example, we are offering 

personalized, secure remote viewing 

platform for clients to monitor their 

filling process through our secure 

portal. This provides the sponsor 

with the ability to monitor the 

operations in real time and to stay 

connected to their product even 

when they cannot be physically 

present. In addition, procedures are 

in place to host remote audits via 

technology platforms that support 

live, interactive conversation and 

interviews with subject matter 

experts, guided walk-through of 

operational areas, and the ability to 

securely review documents and data.

Mohler (Cascade): Virtual audits 

and video teleconferencing have 

helped maintain communication 

with clients and their quality teams 

during the COVID-19 pandemic. The 

faster things go, the more important 

frequent communications are. For 

instance, quality groups need to be 

in constant communication, while 

technical teams need to be emailing 

and calling ad hoc as well as having 

regular update meetings. To ensure 

projects continue to run to time, 

it is vital that upper management 

and business development have the 

ability to check in constantly.

Hoerner (Purisys): Modelling and 

simulation tools have been extremely 

valuable to reduce the amount 

of work required for scale-up; for 

example, engineering technologies 

such as Scale-up Systems’ 

Dynochem can model solvent swaps, 

drying, distillation, off-gassing, and 

many other fundamental elements 

of synthetic and chemical processes. 

Small-scale reaction calorimetry 

tools are helpful to determine 

the safest process to scale up. 

Automating unit operations like 

lyophilization can reduce the need 

for manual intervention.

Speeding tech transfer
PTE: What are some best practices 

for tech transfer? 

Chantung (Aji Bio-Pharma): 

Some programme details tend to 

have a bigger impact on the timeline 

for a client’s tech transfer and 

clinical programme design. We have 

found that performing compendial 

methods verifications in parallel with 

manufacturing activities and working 

concurrently on batch documentation 

reviewing supports a quicker release. 

Performing risk assessments early 

in clinical development can help 

fast-track the clinical process and 

expedite the path to filing. 

Other efficient tools for speeding up 

time to release include working from 

templated batch documentation to 

quickly generate a master batch record, 

utilizing an existing library of packaging 

and labelling components, and 

employing existing validated shipping 

configurations and preferred couriers.

Concurrent and in-parallel reviews 

and method verifications, minimized 

analytical transfer scope, and satellite 

identification samples for bulk drug 

substance lots sent back to the drug 

substance manufacturer can decrease 

the cost and time associated with 

method transfer. Additionally, early 

and regular collaboration with an 
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simulation tools that are typically 

supported by a strong technical core 

expertise and provide line of sight 

to scale-up and implementation in 

a given facility’s equipment train. 

Low bioburden capabilities are also 

beneficial; any drug delivered in a 

parenteral format—whether that 

be intravenously, intramuscularly, 

occularly, or topically—may 

be subject to higher sterility 

requirements. Additionally, further 

environmental controls can be 

advantageous, for example controls 

to prevent light, heat, moisture, 

and oxygen-sensitive chemical 

degradation. Lastly, broad milling 

capabilities are key, because small-

molecule particle size requirements 

can vary considerably depending on 

the delivery technology.

Chantung (Aji Bio-Pharma): The 

technical transfer piece of clinical trial 

material manufacturing benefits from 

high-throughput screening equipment. 

A CDMO can clearly demonstrate its 

nimbleness as a business partner via 

a timeline- and results-driven process 

development team. Systems geared 

toward wide vetting of critical process 

variables, such as media formulations, 

cell growth optimization, and resins to 

capture and polish biologics, are cost 

effective and time sensitive for the 

client. For CGMP production of clinical 

trial materials, a well-known model 

of single-use equipment returns to 

the forefront in light of the COVID-19 

pandemic. Faster delivery of biologics 

and reduced validation time through 

single-use technology plays into a 

client’s budget, safety, expediency, 

reproducibility, and quality interests. 

Flexible, multi-purpose fill lines also 

provide a benefit by providing various 

filling options and multiple set ups.
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experienced regulatory team can 

help expedite regulatory submissions, 

clinical filings, and commercial 

launches. Taking all this into account, 

Ajinomoto Bio-Pharma Services 

launched the AJILITY platform, 

designed for novel therapeutics/

vaccines and existing drug products 

with a new indications that can be 

used in COVID-19 trials, FDA Emergency 

Use Authorizations (EUAs), or other 

programmes, providing enhanced 

flexibility by leveraging our existing, 

streamlined project configurations. 

The goal is to minimize variables 

during tech transfer, manufacturing, 

and shipping processes and rely on 

our regulatory expertise to navigate 

traditional production hurdles to 

quickly get therapies to clinics.

While the pandemic has presented  

a unique opportunity for our customers 

to capitalize on Ajinomoto Bio-Pharma 

Services’ regulatory and manufacturing 

expertise with our AJILITY integrated 

drug product manufacturing platform, it 

will be available beyond the pandemic, 

for any therapeutic programme 

that needs flexible and responsive 

support for expediting your lifesaving 

therapeutic to the clinic.

Tech transfer
PTE: How can tech transfer be 

optimized? 

Mohler (Cascade): Too often, the 

provided information is unclear or is 

delivered only gradually in installments, 

which can lead to wasted time and 

resource where process R&D work is 

repeated unnecessarily, for example, 

where research performed to improve 

a synthesis has already proven to be 

ineffective. Having a robust analytical 

package is also critical. All involved 

teams should understand what 

analytical is available, what has been 

used previously, what its limitations 

are, and how these factors can impact 

not only the process R&D that has 

already been carried out, but also that 

which still needs to be performed.

Hoerner (Purisys): Tech transfer 

for an early phase chemical process 

can occur relatively quickly provided a 

strong technical package is available. 

Where key technical or scientific 

information is missing, it is important 

that any gaps are filled to de-risk 

implementation of the technology. 

Effective de-risking strategies include 

running multifactorial design of 

experiments versus one variable-

at-a-time studies, using modelling 

and simulation, and ensuring you 

have a robust, complementary 

analytical technology package. In 

terms of manufacturing compliance, 

it is important that any necessary 

environmental permitting is in place; 

government permitting can take time, 

especially when working with larger 

quantities of solvents or reagents.

Chantung (Aji Bio-Pharma): Tech 

transfer activities for bringing a new 

product or process into the facility 

are usually rate limited by analytical 

method transfers, process transfer, 

process development, availability 

of components, and formulation 

specifics. Especially in early-stage 

novel therapeutics, there are often 

gaps between the state of the 

methods for in-process control and 

product analysis and what is suitable 

for current good manufacturing 

practice (CGMP) operations. 

Sound technical transfer at a CDMO 

is founded by aligning equipment, 

materials, and quality with its clients. 

Expertise within the technical 

transfer staff is a key building 

block. Experienced staff coupled 

with a sound training programme, 

quality-by-design philosophies, and 

clear planning (including roles and 

responsibilities between the client 

and organization) play an active role 

in optimizing technical transfer. In 

addition, harmonizing documentation 

from technical transfer to GMP 

production to bridge a seamless 

transition to the manufacturing team, 

employing a repertoire of scalable 

and industry standard equipment, 

and executing parallel operations all 

blend to accelerate a client’s timeline 

to the clinic.

PTE: What new technologies 

benefit the tech transfer process?  

Hoerner (Purisys): Innovator 

companies use modelling and 
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Company description
We are an ideal partner in Contract 
Manufacturing able to provide an 
integrated and exhaustive service 
covering all aspects of this activity.

Top level expertise and technology 
guarantee the highest quality and 
reliability in our products and services. 
But there’s more to it than that: we 
believe in customer care and satisfaction 
and we work alongside our customers 
to ensure they have all the support and 
assistance they require in all steps of 
their relationship with us.

Markets served
We build up customized solutions to 
ensure the best possible result, according 

to the uniqueness of every client company. 
From formulation development to the 
ready-to-sell batches production, our 
customers can rely on both flexibility and 
versatility, ideal features in long-terms 
pharmaceutical outsourcing partnerships.

Major products/services
With our wide portfolio, we are a 
global leading company in contract 
manufacturing, providing our clients with 
the best pharmaceutical outsourcing 
services, as well as producing almost all 
the pharmaceutical forms available on the 
market including: Lyophilised products 
and sterile powders, injectable liquids, 
vials and pre-filled syringes, non-sterile 
liquids, oral liquids and oral solids.

Our organization and specific 
know-how make us a valuable and 
trustworthy partner for our clients, 
providing all the main support services 
in terms of manufacturing: Formulation 
study, development and validation of the 
analytical methods, set up of technical 
batches, set up of pilot batches, batches 
for clinical trials, process validation, 
stability studies, dossier preparation.

Facilities
We accurately make our pharmaceutical 
products to meet the highest quality 
standards, thanks to our latest-generation 
plants:

• Via E. Fermi 1, 65020 Alanno (PE) Italy
• Via Pontina Km 30, 00071 Pomezia 

(Roma) Italy

Contact details
Alfasigma Contract Manufacturing S.p.A.

Via E. Fermi 1, 65020 Alanno (PE) Italy
Tel. +39 085 8571226
manufacturing.alfasigma.com
contractmanufacturing@alfasigma.com

Alfasigma Contract Manufacturing S.p.A.

http://manufacturing.alfasigma.com
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Company Description
Catalent is the leading global provider 
of advanced delivery technologies, 
development, and manufacturing 
solutions for drugs, biologics, cell and 
gene therapies, and consumer health 
products. With over 85 years serving 
the industry, Catalent has the proven 
expertise, superior technologies and 
flexible solutions at the right scale 
to help ensure successful product 
development, launch, tech transfer, and 
reliable global supply. 

Catalent has built this expertise 
with partners of all sizes, from the 
smallest innovators to the largest of 
pharmaceutical leaders, advancing 
thousands of molecules through 
development towards commercial supply.

Providing both specific, tailored 
programme support and comprehensive, 
integrated solutions, Catalent reduces 
its partners’ risks on a variety of 
programmes, including orphan 
drugs, accelerated and breakthrough 
treatments, vaccines, next-generation cell 
and gene therapies, and rare diseases.

Its team of approximately 14,000 at 
45+ global sites manages over 1100 
active development programmes 

and supports more than 180 product 
launches annually. Every year, Catalent 
produces more than 72 billion doses of 
over 7000 products for more than 1000 
customers, equating to 1 in 20 doses 
taken by patients globally. 

Technology Highlights
With its expert services—including 
analytical, biologics, preformulation, and 
formulation, Catalent drives faster, more 
efficient development of differentiated 
and patient-preferred products, including:

• Catalent Cell & Gene Therapy is a full-
service partner for adeno-associated 
virus (AAV) and lentiviral vectors, 
and CAR-T immunotherapies, as 
well as autologous and allogeneic 
cell therapy development and 
manufacturing

• GPEx® Boost technology for 
advanced cell expression, 
biopharmaceutical development, 
bioanalytics and biomanufacturing

• Proprietary SMARTag® site-specific 
bioconjugation technology, affording 
precision design of next-generation 
biologic therapies

• OptiForm® Solution Suite for rapid, 
optimised dose form development

• Bioavailability enhancement including 
lipid-based systems, spray dry 
technology, particle-size engineering, 
and OptiMelt® hot melt extrusion

• Unique delivery technologies: 
including OptiShell® gelatin-free 
capsule technology, the Zydis® 
orally disintegrating tablet platform, 
OptiGel® DR and other oral controlled 
release dose design, as well as 
inhaled and injectable dose forms

• Catalent R P Scherer® Softgel, a 
global leader in innovative oral and 
topical softgel technologies. Nearly 
90% of NCEs approved by the FDA 
over the last 25 years have been 
developed by Catalent.

Integrated Solutions
Catalent offers a number of integrated 
solutions to accelerate clinical and 
commercial development:

• OneBio® Suite, reduces 
timelines, risk and complexity for 
biopharmaceuticals from cell line 
development through clinical supply

• OptiForm® Total Supply accelerates 
drug candidates from development 
to clinical phase 

• OneXpress™ provides the fastest 
pathway from clinical development 
to commercial manufacturing.

More products. Better treatments. 
Reliably supplied™

Contact details
Catalent
Address: 14 Schoolhouse Road,  
Somerset, NJ 08873
Tel. +1 888 765 8846 
www.catalent.com
solutions@catalent.com

Catalent
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Company description
Cummins Inc. is a global technology 
company designing, manufacturing, 
distributing, and servicing a broad 
portfolio of reliable, clean power 
solutions; including diesel, natural gas, 
hybrid, electric, and other alternative 
power solutions. Established in 1919 
and headquartered in Columbus, 
Indiana (US), Cummins serves 
customers in more than 190 countries 
and territories around the world. More 
information can be found at  
www.cummins.com/alwayson.

Markets served
Cummins serves a variety of markets 
including agriculture, construction, 
defence, drilling, fire and emergency, 
mining, truck, bus, rail, and power 
generation.

Major products/services
Cummins is organised into five 
complementary operating segments: 
Engine Business, Power Systems, 
Components, Distribution Business, 
and the company’s newest segment, 
New Power. New Power designs 
and manufactures alternative power 
solutions including batteries, fuel cells, 
electrolyzers, electrified components, 
and complete electrified powertrains.

Facilities
Headquartered in Columbus, Indiana, 
Cummins employs approximately 
61,600 people worldwide and serves 
customers in more than 190 countries 
and territories through a network of 
company-owned and independent 
distributor locations and thousands of 
dealer locations worldwide.

Contact details
Cummins Inc.
Box 3005, Columbus,  
IN 47202-3005 U.S.A.
Tel. UK: 00-8000-CUMMINS  
(00 8000 286 6467)
cummins.com

Cummins Inc.

https://www.cummins.com
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Company Description
Eurofins BioPharma Product Testing 
offers complete CMC Testing Services 
for the Bio/Pharmaceutical industry, 
including all starting materials, process 
intermediates, drug substances, drug 
product, packaging, and manufacturing 
support through our broad technical 
expertise in Biochemistry, Molecular  
& Cell Biology, Virology, Chemistry,  
and Microbiology.

Our fundamental philosophy is to help 
clients efficiently allocate their research 
and manufacturing expenditures by 
strategically engaging them to meet 
their unique outsourcing needs. 

We offer the ability to manage your 
testing programmes more efficiently 
through your choice of three unique 
service models, including our award-
winning Professional Scientific Services® 
(PSS), Full Time Equivalent (FTE), or 
traditional fee-for-service. You can 
choose the best, most cost-effective 
service solution for your project goals.

Our award-winning Professional 
Scientific Services® (PSS) service model 
is an insourcing solution that places 
our people at your site dedicated to 
running and managing your laboratory 
services while eliminating headcount, 
co-employment, and project-
management worries.

Markets served
With a global capacity of more 
than 150,000 square meters and 35 
facilities worldwide, our network of 
GMP laboratories allow us to support 
projects of any size from conception to 

market. With more than 70 client sites 
worldwide, our PSS insourcing solution 
provides the optimal external service 
provider in house for pharmaceutical  
and biopharmaceutical companies 
around the world.

Major products/services 
• Method Establishment (Development, 

Validation, Transfer)
• Release Testing
• Stability Testing & Storage
• Characterization
• Residuals & Impurities Testing
• Raw Materials Testing
• Extractables & Leachables Testing
• Container & Package Testing
• Shipping Studies
• Viral Clearance & Viral Safety Testing
• Bioassay & Potency Testing
• Cell Banking Services
• Critical Reagents/Reference 

Standards Management
• Disinfectant Efficacy/Cleaning 

Validation Studies
• Environmental Monitoring
• Facility and Process Validation
• Organism Identification
• Clinical Trial Material Support
• Formulation Development/Testing
• Custom Synthesis & Radiolabelling

Facilities
With a global capacity of more than 
150,000 square meters and 35 facilities 
located in Australia, Belgium, Canada, 
Denmark, France, Germany, Ireland, 
Italy, India, Japan, Netherlands, New 
Zealand, Spain, Sweden, Switzerland, 
UK, and the US, our network of GMP 

laboratories and vast experience allow 
us to support projects of any size from 
conception to market. Further, with 
more than 2000 employees worldwide, 
our PSS programme provides services at 
more than 70 sites in nearly 20 countries 
throughout North America, Europe, and 
Asia Pacific.

Our local presence ensures personal 
service backed by a unique global 
breadth of harmonized capabilities 
that support all functional areas of bio/
pharmaceutical drug development 
and manufacturing, including method 
development, microbiology, process 
validation and quality control.

Eurofins BioPharma Product Testing

Contact details
Eurofins BioPharma Product Testing
Tel. +32 2 766 16 20
www.Eurofins.com/BPT  
pharma@eurofins.com

https://www.eurofins.com/BPT
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Company Description
OPTIMIZED DRUG SOLUBILITY  
AND STABILITY
Captisol is the trade name for Ligand’s 
solvent-free processed modified 
cyclodextrin preparation. Captisol is a 
patent-protected mixture of chemically 
modified cyclodextrins with a modifying 
structure to optimize drug solubility and 
stability. Captisol was invented  
and developed by scientists at the 
University of Kansas’ Higuchi Biosciences 
Center specifically for drug development 
and formulation. 

Captisol overcomes solubility and 
stability hurdles faced during each 
phase of development. Captisol can 
make a substance more soluble and an 
agent more stable. Captisol can convert 
a solid to a liquid or an oil to an aqueous 
solution. Combinatorial chemistry, 
high throughput screening (HTS), and 
molecular genetics have led to an 
increase in the number of insoluble 
and unstable molecules, peptides, and 
proteins being investigated for their 
therapeutic activity. There are currently 
more than 50 Captisol-enabled products 
in clinical development. This unique 
technology has enabled several FDA-
approved products, including Amgen’s 
KYPROLIS®, Baxter International’s 
NEXTERONE®, Gilead’s VEKLURY®, 
Acrotech Biopharma L.L.C.’s and CASI 
Pharmaceuticals’ EVOMELA®, Melinta 
Therapeutics’ BAXDELA™, and Sage 
Therapeutics’ ZULRESSO™. There are 
many Captisol-enabled products 
currently in various stages  
of development. 

SEAMLESS TRANSITION TO  
CLINICAL TRIALS
Captisol may increase systemic exposure 
for toxicology studies of investigative 
compounds and has a proven clinical 
safety record. In early development, 
Captisol formulation can lead to a seamless 
transition from nonclinical safety to clinical 
trials. Captisol-enabled products are 
approved in more than 60 countries.

MULTIPLE ADMINISTRATION ROUTES 
ENSURE TARGETED DELIVERY
Captisol’s chemical structure was designed 
to create new products by improving 
solubility, stability, bioavailability, and dosing 
of active pharmaceutical ingredients. 
Routes of administration investigated 
include parenteral, oral, ophthalmic, nasal, 
topical, and inhalation products. Once 
inside the body, Captisol releases the drug 
agent, which then travels to its target. The 
interaction between Captisol and the agent 
is not permanent, and Captisol is safely 
expressed from the kidneys.

PATENTED AND VALIDATED 
MANUFACTURING
Of all modified cyclodextrins, Captisol is an 
ingredient in the most approved products 
in the US. Manufactured under cGMP, at 
multiple locations, using a patented and 
validated all-aqueous process, annual 
manufacturing capacity is being increased 
to 500 MT. Captisol is supplied in ultra-low 
endotoxin, ultra-low bioburden, low-
chloride forms in 100g, 1kg, 5kg, and 20kg 
packages for R&D use. Commercial pack 
sizes include 1kg, 5kg, and 20kg, with the 
ability to fill metric-ton orders.

Contact details
Ligand
3911 Sorrento Valley Road Suite 110
San Diego, CA 92121
Tel. 877-575-5593
https://www.captisol.com
cdinfo@captisol.com

Ligand, Captisol®

Also available in:
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Company Description
As a leader in Life Sciences cloud 
technology, Oracle Health Sciences’ 
Clinical One and Safety One are 
trusted globally by professionals in 
both large and emerging companies 
engaged in clinical research and 
pharmacovigilance. With over 20 years’ 
experience, Oracle Health Sciences 
is committed to supporting clinical 
development, delivering innovation 
to accelerate advancements, and 
empowering the Life Sciences industry 
to improve patient outcomes. Oracle 
Health Sciences. For life.

Markets served
Life Sciences—pharmaceuticals 
companies, biotechnology companies, 
contract research organisations (CRO).

Major products/services
Clinical One 
Today, study teams and sites rely on a 
collection of siloed point solutions that 
weren’t built to work together, creating 
redundancy and inefficiency. What if 
you could build a study once, enter data 
once, and do everything in one place?

Save time
In the world of clinical research, speed—
while maintaining quality and safety—is 
critical. But with multiple independent 
systems, operational effectiveness is 
a problem. The only way to markedly 
impact efficiency is to totally rethink 
the way technology supports the entire 
clinical trial lifecycle. With Oracle Health 
Sciences Clinical One Cloud Service 
(Clinical One), you can reimagine the 
way technology and information support 
clinical research. Clinical One is the 
only truly unified eClinical platform that 
harmonizes data, streamlines workflow, 
and saves significant time from study 
startup to study closeout.

Harmonize your data
With all the siloed systems used to 
conduct clinical trials today, it is no 
surprise that the scope and severity 
of data quality issues is an urgent 
problem. Clinical data is increasingly 

inconsistent, incompatible, incomplete, 
missing, or duplicated. In addition, 
these issues are exacerbated by the 
increasing volume and variety of new 
data now being collected in clinical 
trials. On top of this, visibility across 
functions and between sponsors 
and CROs remains a challenge—data 
issues can be missed, which can put 
regulatory approval at risk. With Clinical 
One, you can collect and manage 
all your data in one place. No more 
duplicate data entry, reconciliation, or 
hidden issues.

Streamline workflow
There is often a focus on isolated 
processes in clinical research, but to 
make a significant positive impact, 
you need to focus on workflow— the 
sequence of processes through which 
a clinical trial passes from initiation to 
completion. Taking this integrated view, 
you can see where the redundancies, 
bottlenecks, and slow-downs really 
are. In today’s multiple-point-solution 
eClinical environment, study teams 
manage numerous study builds, 
multiple validations, and complicated 
integration requirements, while sites 
struggle with a myriad of credentials, 
overwhelming training requirements, 
and a tsunami of daily email alerts from 
all of the systems they are required to 
use to participate in clinical research. 
With Clinical One, all these issues 
disappear One platform, one build, one 
login, one place.

Facilities
• Oracle Corporation 
• 500 Oracle Parkway, Redwood Shores, 

CA 94065 Oracle, Thames Valley Park, 
510 Oracle Parkway, Reading RG6 1RA

Contact details
Oracle Health Sciences 
Oracle, Thames Valley Park, 510 Oracle 
Parkway, Reading RG6 1RA
Tel. 0118 924 0000
www.oracle.com/lifesciences

Oracle Health Sciences 

https://www.oracle.com/industries/life-sciences/
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Company Description
Shimadzu is one of the worldwide 
leading manufacturers of analytical 
instrumentation and for over 50 years, 
the European headquarter has been 
located in Duisburg, Germany. The 
company’s equipment and systems are 
used as essential tools for research, 
development, and quality control 
of consumer goods in all areas of 
pharmaceutical and environmental 
industries, food safety testing, consumer 
protection and healthcare, to contribute to 
society through science and technology. 
Chromatography, mass spectrometry, 
spectroscopy, life sciences, and material 
testing make up a homogeneous yet 
versatile offering. Along with many 
“industry first” technologies and products 
Shimadzu has created and invented since 
1875, there has also been the exceptional 
achievement of the 2002 Nobel Prize for 
Chemistry to Shimadzu engineer Koichi 
Tanaka for his outstanding contributions in 
the field of mass spectrometry. Shimadzu 
is focused on top quality when developing 
products, including ease of operation 
and optimum service. The company 
manufactures according to internationally 
renowned quality standards, including 
Pharmacopeia, ISO, FDA, GLP, and GMP.

Markets served
Shimadzu’s analyzers and equipment are 
applied in the food industry, clinical and 
pharmaceutical field, automotive industry, 
chemical, petrochemical, life sciences 
and biotech, cosmetics, semiconductor 
and nutrition industries, as well as in the 
flavors and fragrances business. Research 
institutes, privately-run laboratories, 
administrations and universities complete 
the list of clients. The systems are used in 
routine and high-end applications, process 
and quality control, as well as R&D.

Nexera LC-40 series—Experience 
New Benchmarks
Shimadzu’s Nexera series of UHPLC 
systems offers groundbreaking 
technology in terms of intelligence, 
efficiency and design. Advanced AI 
capabilities and lab management using 
the Internet of Things (IoT) have been 

integrated to monitor performance and 
resource allocation. They make the 
Nexera systems a leading-edge and user-
friendly solution for versatile industries, 
setting new benchmarks in UHPLC.

MALDImini-1: Entering the  
digital age in MS 
The first-of-its-kind MALDImini-1 digital 
ion trap mass spectrometer targets 
comprehensive structural analyses 
applications. It is the only device capable of 
MALDI-MSn on the compact footprint of an 
A3-sized paper.

The DIT technology is a useful tool 
in inferring the structure of unknown 
compounds with MS/MS and MS3 
analysis. For example, this covers 
protein digests, peptides, peptides 
with posttranslational modifications, 
and glycans. The MS/MS and MS3 
functionality of the digital ion trap allows 
researchers to carry out analysis with 

ease. The MALDImini-1 enables ion 
trapping up to 70,000 Da.

Facilities
Shimadzu operates production facilities 
and distribution centres in 74 countries. 
In the European headquarter in Germany, 
the Laboratory World provides testing 
and training facilities for customers from 
all over Europe. In Europe, Shimadzu runs 
subsidiaries and branches in Austria, 
Albania, Belgium, Bosnia, Bosnia-
Herzegovina, Bulgaria, Croatia, Czech 
Republic, Denmark, France, Germany, 
Hungary, Italy, Luxemburg, Macedonia, 
Montenegro, The Netherlands, Romania, 
Serbia, Slovakia, Sweden, Switzerland, 
and the United Kingdom.

Contact details
Shimadzu Europa GmbH
Albert-Hahn-Str. 6-10
47269 Duisburg, Germany
Tel. +49-203-76 87 0   
Fax. +49-203-76 66 25
www.shimadzu.eu  
shimadzu@shimadzu.eu

Shimadzu Europa GmbH

Figure 1. The Nexera series of 
UHPLC systems offers ground-
breaking technology in terms of 
intelligence, efficiency and design.

Figure 2. MALDImini-1 digital ion 
trap mass spectrometer targets 
comprehensive structural analy-
ses applications

https://www.shimadzu.eu
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Company Description
Veltek Associates, Inc. (VAI), with over 
35 years of experience, has developed 
an extensive line of products and 
services that offer solutions to the 
challenges of contamination control 
within aseptic manufacturing and controlled 
environments. With over 135 patents, we 
are committed to continual innovation and 
improvement in our products to satisfy 
current and future regulatory requirements.

Markets Served
• Pharmaceutical
• Biotechnology
• Medical Device
• Laboratory Research
• Healthcare/Hospitals
• Compounding Pharmacies

Major Products/Services
VAI’s innovative products include:
• Chemicals—VAI offers a complete 

line of sterile and non-sterile chemicals 
With EPA-registered disinfectants 
and sporicides and cleaners including 
buffers, water, residue removers, 
and lubricants, operations are able to 
maintain critical environments while 
staying compliant.

• Dry and Saturated Wipes—VAI’s 
wipers offer excellent particulate 
performance and are for use in all 
cleanroom settings. A variety of 
VAI’s sterile chemicals are available 
in saturated wipers including sterile 
sodium hypochlorite and hydrogen 
peroxide wipes.

• Process Cleaners—VAI offers a 
complete line of clean-in-place 

detergents for manual, soak, or spray 
applications. Our process cleaners 
remove a wide array of organic or 
inorganic soils.

• Cleanroom Documentation—VAI’s 
line of cleanroom documentation 
offers a synthetic writing substrate 
with extremely low particulation, 
customizable documentation, and a 
HEPA filtered printer to print directly in 
controlled environments.

• RFID Tracking—VAI’s Core2Scan 
system is an identification and tracking 
system that pairs RFID asset and 
procedural identification devices, 
readers, and software tracking 
technology with a facility’s equipment, 
products, and/or procedures.

• Garments—VAI has launched a 
redesigned line of sterile disposable 
garments that include low particulation, 
high breathability, and comfort while 
maintaining an athletic design and 
personal protection.

• Cart Transfer Systems—VAI’s 
Cart2Core® simplifies correct aseptic 
cart transference by allowing the cart 
top to detach from the base. With 
one lift of the handle and a slide, any 
cart top is transferred from one cart 
base to another, leaving the potential 
contamination behind.

• Environmental Monitoring—VAI’s 
viable monitoring equipment has been 
an industry standard for over 30 years 
by helping operations monitor, capture, 
and evaluate the ingress of viable 
contamination. In addition to viable 
monitoring, VAI offers a complete line of 
particle counters.

• Cleaning Equipment—VAI offers 
a completely sterilizable, all in one, 
spray, mop, and fog cleaning system.
The Core2Clean is an innovative way to 
ensure cleaning and disinfection within 
the cleanroom is being done correctly 
and efficiently.

VAI’s technical services include:
• Consulting Services
• Cleaning and Disinfection  

Systems Evaluation
• Disinfectant Validation Studies
• Anti-Microbial Effectiveness Testing
• Personnel Gowning Training
• Aseptic Processing Systems
• Viable Air Monitoring Evaluation

Facilities
VAI is headquartered in Malvern,
PA USA with satellite sales offices
located worldwide. VAI in addition,
is able to serve the pharmaceutical
and biotechnology industries in an
even greater capacity through our 120
distribution partners.

Contact details
Veltek Associates, Inc.
15 Lee Blvd. Malvern, PA 19355
Tel. +1-610-644-8335
Fax. +1-610-644-8336
vai@sterile.com
www.sterile.com

Veltek Associates, Inc.

https://sterile.com
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The quality agreement should be a living document 

that is reviewed and revised as often as needed to clarify the 

responsibilities of the client and the supplier and define how the 

two parties will communicate with each other. The agreement 

should clearly identify the roles and responsibilities needed for a 

successful partnership. Defining the quality relationship between a 

supplier and a client is complex and requires extensive discussion 

and attention to detail. The relationship should be open, and 

communication between the two parties should be as frequent 

as required to assure that the product being manufactured meets 

the highest quality standards for the client and for the patients. 

Bottom line is that quality agreements are important documents 

that have become front and centre for ensuring the supply chain 

during the pandemic. This is a welcome change that should carry 

forward in the future. 

There are many changes that have the potential to become 

permanent procedures/operating principles even after 

the pandemic is under control. Three that should become 

permanent in the future are the use of virtual audits, the 

implementation and utilizations of virtual training, and more 

robust quality agreements that enhance communications 

between the client and the supplier. PTE

ask the expert — Contin. from page 50

manufacturer in the applicant dossier 

in case the API is not covered by a DMF 

or through reference to relevant DMF 

amendments. Reprocessing or rework of 

any batch of API containing a nitrosamine 

should be reported in the DMF or 

application. Equally, changes to the drug 

product preventing nitrosamine formation 

must be notified through supplement to 

FDA by the application holder. Holders  

of pending applications must update  

their applications through submission  

of an amendment.

Likewise, the Co-ordination Group for 

Mutual Recognition and Decentralized 

Procedures—human (CMDh) requests the 

MAHs to introduce necessary changes to 

their API and/or finished products through 

the timely submission of appropriate 

variation(s) in accordance with the 

guideline on classification of variations. 

In case nitrosamine(s) are identified, 

the corresponding limit(s) as defined 

in Table I should be introduced in the 

finished product specifications. Relevant 

amendments pertaining to ASMF or CEP 

that are necessary to control nitrosamine 

impurities in the active substance and/or 

finished products should be considered for 

variation applications.  

Conclusion
The sartans case substantiates the 

necessity for the pharmaceutical industry 

to improve the standards on application 

of risks management tools, particularly 

regarding post-approval activities. The case 

also showed some of the potential risks 

associated with the lack of transparency 

between MAHs, API manufacturers, and 

others over patient safety and the shift 

required to increase transparency through 

revisions of the regulatory framework 

whilst ensuring safeguarding of confidential 

information. A number of the potential 

revisions to the key post approval guidelines 

considered by the lessons learnt group 

focus on thorough process understanding 

and risk evaluations even in the case of 

traditionally considered ‘minor changes’.

The recent CHMP report and FDA 

guidance advocate companies to take 

measures to limit the presence of 

nitrosamines in human medicines as far 

as possible and to ensure levels of these 

impurities do not exceed set limits. These 

measures will ensure that nitrosamines 

are either not present, or are present 

below levels identified to protect public 

health. Harmonized and innovative tools 

brought by regulators and thorough 

synthetic process understanding and 

control strategies honed by industry are 

key building blocks to continue to fulfil a 

common patient centric mission.

Acknowledgements
The authors would like to acknowledge 

Stuart Goodall, head of regulatory, Keira 

Ledger, associate regulatory director, 

(both at Kinapse Ltd, UK), as well as Vivek 

Tomar, associate regulatory cmc director 

(at Kinapse Ltd, India) for their assistance as 

acting reviewers of the article.

References
1. Article 31 of Directive 2001/83/EC, Directive 

2001/83/EC of the European Parliament and 
of the Council of 6 November 2001 on the 
Community code relating to medicinal products 
for human use (July 2019).

2. ICH, M7 (R1) Assessment and Control of 
DNA Reactive (Mutagenic) Impurities in 
Pharmaceuticals To Limit Potential Carcinogenic 
Risk, Step 4 version (31 March 2017).

3. EMA, EMA/526934/2019, Lessons Learnt from 
Presence of N-nitrosamine Impurities in Sartan 
Medicines (Amsterdam, 23 June 2020).

4. EMA, EMA/369136/2020, Assessment report 
Procedure under Article 5(3) of Regulation EC 
(No) 726/2004, Nitrosamine impurities in human 
medicinal products (Amsterdam, 25 June 2020).

5. FDA, Guidance for Industry, Control of 
Nitrosamine Impurities in Human Drugs (CDER, 
September 2020). PTE

Quality/Regulations —  
Contin. from page 32 

https://ec.europa.eu/health/sites/health/files/files/eudralex/vol-1/dir_2001_83_consol_2012/dir_2001_83_cons_2012_en.pdf
https://ec.europa.eu/health/sites/health/files/files/eudralex/vol-1/dir_2001_83_consol_2012/dir_2001_83_cons_2012_en.pdf
https://ec.europa.eu/health/sites/health/files/files/eudralex/vol-1/dir_2001_83_consol_2012/dir_2001_83_cons_2012_en.pdf
https://ec.europa.eu/health/sites/health/files/files/eudralex/vol-1/dir_2001_83_consol_2012/dir_2001_83_cons_2012_en.pdf
https://ec.europa.eu/health/sites/health/files/files/eudralex/vol-1/dir_2001_83_consol_2012/dir_2001_83_cons_2012_en.pdf
https://database.ich.org/sites/default/files/M7_R1_Guideline.pdf
https://database.ich.org/sites/default/files/M7_R1_Guideline.pdf
https://database.ich.org/sites/default/files/M7_R1_Guideline.pdf
https://database.ich.org/sites/default/files/M7_R1_Guideline.pdf
https://www.ema.europa.eu/en/documents/report/lessons-learnt-presence-n-nitrosamine-impurities-sartan-medicines_en.pdf
https://www.ema.europa.eu/en/documents/report/lessons-learnt-presence-n-nitrosamine-impurities-sartan-medicines_en.pdf
https://www.ema.europa.eu/en/documents/report/lessons-learnt-presence-n-nitrosamine-impurities-sartan-medicines_en.pdf
https://www.ema.europa.eu/en/documents/referral/nitrosamines-emea-h-a53-1490-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/referral/nitrosamines-emea-h-a53-1490-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/referral/nitrosamines-emea-h-a53-1490-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/referral/nitrosamines-emea-h-a53-1490-assessment-report_en.pdf
https://www.fda.gov/media/141720/download
https://www.fda.gov/media/141720/download


50    Pharmaceutical Technology Europe DECEMBER 2020  PharmTech.com

ask the expert

LE
IG

H
 P

R
AT

H
E

R
 -

 S
TO

C
K

.A
D

O
B

E
.C

O
M

Q.Companies have made a lot of operational 

changes to accommodate working through 

the pandemic. What changes do you think will become 

permanent as a result of the pandemic?

A.There are a number of operational changes that 

companies have made to accommodate working 

through the pandemic. Many of the changes were 

implemented out of necessity, and some of these changes 

have the potential to become permanent and normal 

operating procedures in the future. Patients still need 

life-saving medicines and companies need to find ways 

to continue manufacturing safe, effective, and compliant 

products for these patients despite the challenges presented 

by the pandemic. Conducting virtual audits, conducting 

effective virtual training, and enhancing communications 

with suppliers to ensure an uninterrupted supply chain are 

among the changes implemented to maintain operations, stay 

compliant, and continue manufacturing medically necessary 

products. Each one of these changes have positive and 

negative aspects that need to be evaluated and debated to 

determine if they are as effective as the previous processes. 

Virtual audits
Moving to virtual audits was one of the first changes that 

was implemented by companies and regulatory authorities. 

The necessity for virtual audits was to allow companies and 

regulators to continue to evaluate the compliance stature 

of manufacturers while respecting stay-at-home and social 

distancing requirements that prevented in-person site audits. 

There are many advantages of performing virtual audits and 

the key to making a virtual audit successful is preparation and 

communication. Informational (organizational charts, standard 

operating procedures, quality manual, etc.) requests should be 

made prior to the audit, and the requested documents should 

be reviewed before the commencement of the audit. 

Companies can save time and reduce travel expenditures 

because people will be reviewing documents from home 

offices. The documentation required for in-person audits 

will be the same as virtual audits, but rather than making 

copies for the auditor, the documents can be turned into 

a PDF file and be sent through a secure system to the 

requester. Questions regarding the documentation can be 

addressed through a number of virtual platforms as long as 

the platform chosen is acceptable to both parties. 

Performing a tour of the facility poses unique challenges, 

and possible solutions need to be vetted between the two 

parties to determine the most efficient and secure way to 

share this information. The bottom line is that virtual audits 

have the potential to be as effective as in-person audits 

and perhaps may be more time efficient and cost effective.

Virtual training
The same principles applied to conducting virtual audits can 

also be applied to training. On-line training programmes have 

been used to train remote employees for years. There are a 

number of technological platforms that can be used to deliver 

virtual training programmes to employees. These platforms 

allow training material to be pre-recorded and comprehension 

questions that must be answered correctly in order to continue 

with the training can be inserted. Remote training allows the 

employee to complete the training as their schedule allows.

Another approach is to deliver the training as a webinar 

using a multiple-person meeting application. You can prepare 

and distribute the information you will cover in the training, 

schedule a meeting time, deliver the training, and take 

questions from the employees during the webinar. If you have 

multiple manufacturing shifts, you can schedule a training 

session during each shift to make it easier for second- and 

third-shift employees to receive the training. 

Additionally, virtual training can be enhanced by taking 

advantage of online training and conference options offered 

by external organizations. Many external organizations have 

converted their conferences and training topics to virtual 

offerings covering a wide variety of topics. Some of these 

venues are free, and some require a registration fee. 

Supply chain quality
Enhanced communication with suppliers to ensure an 

uninterrupted supply chain has also become a priority during 

the pandemic. Many companies are reviewing and enhancing 

their quality agreements. This is a positive change for the 

industry as a whole. 

Impact of Pandemic  
on Permanent Procedures

Virtual audits, virtual training, and more robust quality agreements may become positive impacts  
on the industry, says Susan J. Schniepp, distinguished fellow at Regulatory Compliance Associates.

Contin. on page 49



Effortless performance
The LCMS-9030 quadrupole time-of-flight (Q-TOF) mass 
spectrometer integrates the world’s fastest and most sen-
sitive quadrupole technology with TOF architecture.  
It delivers high resolution accurate-mass detection with 
incredibly fast data acquisition for routine applications. 
 
Greater accuracy and higher sensitivity 
based on patented Ultra-Fast technologies 
 
Identify and quantify more compounds with  
greater confidence 
in food applications, forensics, drug identification,  
proteomics and metabolomics 
 

www.shimadzu.eu /effortless-performance

LCMS-9030
Quadrupole Time-of-Fl ight 
Liquid Chromatograph Mass Spectrometer

Effortless performance  
with less recalibration and easy switching between  
ionization units 
 
Small footprint 
due to a simple and compact floor-standing design 
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https://www.shimadzu.eu/effortless-performance
https://www.shimadzu.eu/effortless-performance


Uncovering critical resource gaps and risks begins with your 
StartScore™ evaluation. Plan your trial right from the start. 

Small Molecule & Biologics | Forecasting & Planning | Manufacturing | Packaging & Labeling | Logistics & Cold Chain | Comparator Sourcing

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

Catalent. More products. Better treatments. Reliably supplied.™    
us + 1 888 SOLUTION (765-8846)  eu 00800 8855 6178  clinical.catalent.com

© 2020 Catalent, Inc. All rights reserved.

introducing ctsuccess™  

PT.indd   1 11/18/20   4:01 PM

https://www.clinical.catalent.com

	PTE1220_001_Cover
	PTE1220_Ads_COV2
	PTE1220_003-005_MastheadTOCFTE
	PTE1220_006-008_RegWatch
	PTE1220_Ads_07
	PTE1220_006-008_RegWatch
	PTE1220_009-012_CoverStory_Quality in BioPharma_Shanley
	PTE1220_Ads_11
	PTE1220_009-012_CoverStory_Quality in BioPharma_Shanley
	PTE1220_013-015_Development_HPAPIs_Challener
	PTE1220_016-022_Development_AlternativeDrugDelivery_BASF
	PTE1220_Ads_19
	PTE1220_016-022_Development_AlternativeDrugDelivery_BASF
	PTE1220_Ads_23
	PTE1220_024-026_Manufacturing_Vaccines_Markarian
	PTE1220_Ads_27
	PTE1220_028-029_Quality_CompendialUpdate_Haigney
	PTE1220_030-032_EuropeSpecific_Nitrosamines_Kinapse
	PTE1220_Ads_33
	PTE1220_034-036_Operations_Packaging_Forcinio
	PTE1220_037-040_Outsourcing_ClincalTrials_Markarian
	PTE1220_Ads_39
	PTE1220_037-040_Outsourcing_ClincalTrials_Markarian
	PTE1220_041-048_CC-FullPage
	PTE1220_049-050_AsktheExpert
	PTE1220_Ads_COV3
	PTE1220_Ads_COV4



