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EDITOR’S COMMENT

C ompared with 

last year, which 

was very strong, 

merger and acquisition 

deal activity in the 

global pharma and life 

sciences sector has 

plummeted. According 

to data from PricewaterhouseCoopers 

(PwC), pharma deal values have dropped by 

approximately 56% in the first half of 2020 

compared with 2019, and in the biotech 

sector of pharma the drop is even more 

pronounced at 74% (1).

The analysis from PwC indicates that 

the deal values, although being impacted 

somewhat by the lessened deal volumes, 

have been largely impacted by the 

reduction in size and number of megadeals 

(1). Only two megadeals (those worth over 

US $5 billion [€4.3 billion]) have occurred 

in 2020 so far, Thermo’s acquisition of 

Qiagen and Gilead’s acquisition of Forty 

Seven (1). This number is half the quantity of 

megadeals that had been struck in the six 

months prior (1).

Although analysts had expected a 

drop off in value in 2020, after the huge 

acquisitions by Bristol Myers Squibb and 

AbbVie that occurred in 2019, COVID-19 has 

played a vast role by causing disruption to 

supply chains, giving rise to concern around 

the availability of capital, and general 

uncertainty regarding regulations and 

politics. 

As reported by Torreya, capital investors 

are expecting more for their money, 

due to the currently volatile market 

environment (2). Overall, Torreya has 

interpreted that credentialed companies 

with strong stories will continue to be able 

to raise funds, but for other companies, 

financing rounds will be slow-going (2). 

However, even with difficulties being 

experienced in raising capital, there is still 

money flowing into the biopharma venture 

sector (2). The Torreya analysts have found 

that the pace at which new venture capital 

has been raised for biopharma investments 

has been at $1 billion a week up to mid-

April 2020, which is the highest volume 

period since 2009 (2).

Furthermore, companies have been 

employing alternative tools, other than 

mergers and acquisitions, to enable 

them to gain access to high potential 

assets, in efforts to preserve capital. 

As highlighted by PwC, there have been 

numerous alliances, partnerships, licensing 

agreements, and joint ventures formed 

during the pandemic so that companies can 

strategically advance.

Yet, the Nasdaq biotech index has not 

fared that badly and was up overall by 

4.9% as of 20 April 2020. Torreya warned 

in its report that the index returns can 

give a distorted view of the market and, 

in fact, when the analyst excluded three 

stocks (those from Gilead, Moderna, and 

Regeneron, all major players in potential 

COVID-19 treatments) the returns would 

have been negative (2).

Evaluate Vantage analysts also made 

note that the industry had seen a similar 

situation in 2017, when the Nasdaq 

biotech index was buoyant in contrast to 

low acquisition values (3). The analysts 

stipulate, however, that this scenario may 

be completely coincidental (3).

Post-pandemic promise
Across the board, industry analysts agree 

that once the pandemic is over, the bio/

pharma market is expected to rebound 

despite the impact COVID-19 will inevitably 

have on revenues. As businesses start 

to resume activities in most countries, 

economic recovery will begin to take shape, 

a fact that has been evident in China, where 

the economy has been gradually recovering 

since the first quarter of 2020 (2).

Merger and acquisition activity is 

anticipated to pick up in the second half of 

the year so that limited resources can be 

maximized (1). Even though megadeals may 

not be in the cards, there are expectations 

that opportunistic private equity buyers 

will be forthcoming and other routes of 

attaining ownership, other than acquisitions 

or mergers, will continue to be seen for the 

rest of the year (1).

It will be interesting to see how these 

predictions play out over the course of the 

next few months, or if the markets will see 

further turbulence due to secondary waves 

of inflated rates of infection of COVID-19. 

But, for now, please stay alert, stay safe, 

and stay healthy.
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Tackling Serious Impurities
EU regulators are requesting more effective action  
be taken to tackle serious impurities in APIs and finished products.

T he discovery of N-nitrosamines in sartan anti-

hypertensive drugs two years ago could ultimately 

have a much wider impact on pharma manufacturers, 

as well as regulators, than previously expected. Instead 

of introducing stricter rules on monitoring only the 

presence of N-nitrosamines in medicines, European 

Union regulators want manufacturers and national 

regulators to take more effective action in tackling 

serious impurities in APIs and finished products.

This decision follows a study of the N-nitrosamines 

cases by a ‘lessons learnt’ group within the EU’s 

medicines licensing network, which concluded that 

the presence of the impurities had much broader 

implications for marketing authorization holders (MAHs) 

regarding the lack of control of production processes of 

not only medicines but their ingredients as well (1).

The N-nitrosamines saga began in mid-2018 when 

European medicines regulators discovered that Zhejiang 

Huahai, a Chinese drug manufacturer, was exporting 

an API containing N-nitrosamines for an angiotensin 

II receptor blocker or sartan hypertension treatment, 

called valsartan, to Europe (2). N-nitrosamines are 

classified as being probable human carcinogens.

Soon after the initial discovery, N-nitrosamines—

mainly N-nitrosodimethylamine (NDMA) and 

N-nitrosodiethylamine (NDEA)—were found in other 

sartan medicines, or their APIs, on the European 

market (2). The first response of the EU’s medicines 

licensing network, which is headed by the European 

Medicines Agency (EMA) and covers all the national drug 

agencies in the EU, was to recall some medicines from 

pharmacies and ban the use of sartan APIs made by 

some manufacturers (1).

Further investigation and instructions
Further investigation by EMA revealed that the 

risk from N-nitrosamines in sartans, despite their 

carcinogenic classification, was low (1). In the vast 

majority of sartans, N-nitrosamines were either not 

present or present at low levels only.

EMA also concluded that the source of the impurities 

was the use of the solvent dimethylformamide with 

sodium nitrite in the presence of an acid, which led to 

the formation of N-nitrosamines during the manufacture 

of sartan APIs (1). There was also the potential for the 

source to be N-nitrosamine-contaminated solvents, 

reagents, or manufacturing equipment.

As a result, MAHs of sartans were instructed by EMA 

in January 2019 to test their products specifically for 

N-nitrosamines and, if necessary, to make changes to the 

production processes for the APIs of the medicines (2). It 

then became clear that the presence of N-nitrosamines 

was not just a problem for sartans and their APIs but 

other medicines and potentially signalled difficulties with 

the detection of a wide range of impurities.

In April 2019, the EU medicines licensing network 

asked MAHs manufacturing the diabetes medicine 

pioglitazone to check their processes for NDMA after low 

levels of the impurity were found in batches of the drug 

made by an Indian producer (3). 

EMA then revealed in September 2019 that it 

was starting a review of over-the-counter versions 

of ranitidine after tests had found NDMA in the 

medicine (4). The agency’s human medicines committee 

(CHMP), in April 2020, recommended the suspension of 

all ranitidine medicines due to NDMA in the products (5). 

Although the NDMA levels were generally low, the 

impurity had been found in several medicines at levels 

considered unacceptable. There were also unresolved 

questions about the source of the impurity in ranitidine. 

However, a final recommendation on the suspension was 

postponed in June 2020, after a ranitidine MAH asked for 

a re-examination of the decision (5).

The ‘lessons learnt’ group, which reported in June 

2020 after being set up in May 2019 and hearing 

evidence from a stakeholder’s workshop in Amsterdam 

in November 2019, concluded that the underlying issue 

with all the N-nitrosamine cases was inadequate control 

of impurities (1).  

Guidance issues
Despite the availability of plenty of guidance from the 

Geneva-based International Council for Harmonization 

(ICH) on requirements for human pharmaceuticals and 

Sean Milmo is a 

freelance writer based in 

Essex, UK, seanmilmo@

btconnect.com.
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European Regulatory Watch

from the European Pharmacopoeia standards on certificates 

of suitability (CEPs), the potential for N-nitrosamines 

impurities was not recognized during the development, 

manufacture, and evaluation of medicines found to contain 

them, the lessons learnt  group said (1). “MAHs, who usually 

outsource API manufacturing, may not have sufficient 

oversight of the manufacturing process,” the group added.

Guidelines needed to be clarified and amended to 

help MAHs but also regulators to better assess the 

possible presence of impurities, like N-nitrosamines, the 

group suggested. The group proposed “further training 

for regulatory assessors in the network to improve the 

chances of identifying potential impurities during the 

evaluation of marketing authorization applications and 

certificates of suitability.”

The broadening of the range of the group’s 

recommendations from N-nitrosamines to other impurities 

has been accepted by EMA and the rest of the network, 

except they have narrowed the scope to “potentially 

carcinogenic” substances.

“The network is currently working on the implementation 

of the recommendations, including timelines for the 

different recommendations,” an EMA spokesperson told 

Pharmaceutical Technology Europe.

EMA sees the recommendations as complementing 

requirements specific to N-nitrosamine impurities, which 

were announced in July 2020 and stipulated by the agency’s 

human medicines committee (CHMP) (6). 

The requirements followed a request in September 2019 

by EMA’s Executive Director Guido Rasi under article 5(3) of 

the EU regulation 726/2004 for the CHMP to give a scientific 

opinion on the issue of identification of N-nitrosamine 

impurities in chemically synthesized APIs as well as in 

biological products (6).

The opinion would cover all scientific knowledge on 

N-nitrosamine impurities in APIs and their impact on the 

safe use of medicines. In drawing up the opinion, the CHMP 

would work with the coordination group (CMDh) of the 

medicine regulatory bodies of the EU member states and 

Iceland, Liechtenstein, and Norway.

According to CHMP’s article 5(3) report, the presence 

of N-nitrosamines in medicinal products should be at or 

below limits based on principles set out in the ICH M7 

guideline on the assessment and control of DNA reactive 

mutagenic ‘cohort of concern’ compounds, which include 

N-nitrosamines, and are derived from a lifetime exposure 

risk of 1 in 100,000 (6). 

Lessons learnt recommendations
The lessons learnt recommendations are extensive in 

scope, covering not just the prevention of N-nitrosamines 

and other impurities but also incident management, market 

surveillance, communication, and international cooperation.

They focus more on the responsibilities, as laid 

down in guidelines, of MAHs, finished product and API 

manufacturers, and active substance master file (ASMF) 

and CEP holders. A guidance review is, for example, 

proposed to clarify the responsibilities of these groups 

in respect of quality management systems, personnel, 

documentation, supplier qualification, contract and 

technical agreements, and management of quality defects.

Guidance should raise awareness of the importance of 

adequate knowledge of products and processes in order 

to “strengthen oversight of the entire supply chain” (1). 

According to the lessons learnt proposals, for example, 

guidelines should be updated on the need for improved 

exchanges of information between ASMF and CEP holders 

and MAHs on API product and process materials and the 

creation of impurities during API production. This would 

help MAHS “take full responsibility for the quality of their 

products, including APIs” (1).

The need for more effective audits of API and 

intermediate manufacturers should be emphasized 

in guidance. The reliability of the qualified personnel 

declaration system should be improved to enable MAHs 

to exercise more authority over API and intermediate 

manufacturing while supply-chain traceability of APIs and 

finished products should also be upgraded.

The lessons learnt report proposes that ICH guidelines 

be revised with the M7 guidance giving more details on 

the control of impurities and possibly being extended 

retroactively to older products. The report also 

recommended additions to the EU’s good manufacturing 

practice (GMP) guidance on the requirement to retain API 

and excipient samples, including those of product batches 

to enable batch-specific supply-chain traceability of APIs 

and finished products. GMP inspectors should also possibly 

be given guidance on how to verify during inspections what 

measures API producers have taken to reduce the risk of 

unexpected impurities. 

The lessons learnt group acknowledges that its 

recommendations should synchronize well with the 

proposals put forward by CHMP under the article 5(3) 

procedure as well as other EU N-nitrosamine-related 

initiatives. However, the group stresses that its proposals 

come from regulators within the EU’s medicines licensing 

network. “Other stakeholders, such as the pharma 

industry, are encouraged to conduct their own exercises 

to consider what additional actions they should take,” the 

group specified (1).
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manufacturer, believes that global quality standards 

should be strengthened, and regulatory audits of 

foreign facilities should be performed without prior 

notice. “Still, mandates would need to be in place 

to avoid preferential treatment to local industry. For 

example, the recent announcement from China’s 

National Medical Products Administration (NMPA) 

suspending the import of Bristol Myers Squibb’s 

blockbuster drug Abraxane opened the door to two 

local Chinese manufacturers to fill the gap” (1), says 

Badrot. 

In the short term, Sebastian Tomlin, logistics 

manager at Charles River, a contract research and 

development firm, says that time and investment in 

supply chain management and logistics operations 

are needed to expedite the movement of materials 

during this crisis. “Oftentimes there are multiple 

routes that can be considered from a transportation 

perspective, that are sometimes overlooked. It 

is even more critical to ensure the accuracy of 

documentation the first time around, so as not to 

jeopardize a time slot in an operation that may have 

reduced capacity,” he says. 

Keeping a sufficient supply
Badrot stresses that pharma manufacturers and 

suppliers should have plans in place to ensure 

T he supply of safe and effective medicines is 

crucial for the patients that rely on them. Drug 

shortages are an ongoing problem that regulators 

and industry work to address on a continuous 

basis. Drug shortages may arise from a variety of 

situations, including a lack of sufficient supply of 

APIs, raw materials, and excipients. And the reasons 

for material shortages can range from quality control 

issues at a particular facility to the complications 

caused by global crises, such as the COVID-19 

pandemic. 

For pharmaceutical companies, the COVID-19 

pandemic has stressed the need to enhance 

supply chains, according to Ilan Avni, vice-

president, business development at Wavelength 

Pharmaceuticals, a developer and manufacturer 

of APIs. “This includes prioritizing suppliers 

with a spotless regulatory compliance track 

record and uncompromising quality culture, 

who are continuously investing in improving and 

strengthening their own supply chain to assure 

uninterrupted supply,” says Avni. He recommends 

having at least two qualified suppliers from different 

geographical areas and having a sufficient amount of 

key raw materials in house.

To keep the supply of pharmaceutical materials 

safe, Andrew Badrot, CEO of C2 PHARMA, an API 

The COVID-19 pandemic has raised several questions about the  
safety of the pharmaceutical materials supply chain. Is onshoring the answer?

Ensuring a Safe and  
Robust Supply of  
Pharma Materials
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Cover Story: Supply Chain

important here to consider the depth 

of a sponsor company’s supplier 

network, and to look more closely 

at alternate procurement options 

for materials. This should take into 

consideration the normal lead time 

from order to availability, but also 

the geographical location of the 

origin as transportation and export/

import regulatory compliance can 

have a negative impact on timelines 

for availability, particularly during 

unforeseen circumstances (such as 

the COVID-19 pandemic),” says Tomlin. 

Broadening sourcing options and 

sourcing in different geographical 

areas reduces the risk of delayed 

materials, says Tomlin. “Reviewing 

a supplier’s disaster recovery plan 

in detail can help assess the level 

of risk associated with a supply 

chain.” Tomlin also states, “I think 

that having predetermined alternate 

options for sourcing in different 

geographical locations, and a plan to 

implement them, can help reduce the 

risk associated with supply from a 

single geographical location.” 

Shailesh Vengurlekar, senior vice-

president, quality and regulatory 

affairs at LGM Pharma, stresses 

not to get caught up in cost. “We 

evaluate what we call the Four Rs: 

Reputation, Resources, Reliability, 

and Regulatory History. Supply chain 

partners are business decisions 

and cannot be driven only by cost 

because lowest cost doesn’t factor in 

hidden costs,” Vengurlekar says.

Performing supplier  
inspections during a crisis
The COVID-19 pandemic has forced 

the industry to work in new ways, 

including performing virtual audits 

and inspections of facilities and 

materials suppliers. But how 

effective are these tasks when 

done virtually? “Virtual inspections 

can be useful as a supplement 

but can only be an intermittent or 

temporary measure. In no way can 

they replace physical inspections, 

nor should they become a regular 

occurrence. The reason is that there 

is no way for a virtual inspection 

a healthy supply of ingredients 

so they are prepared for a crisis, 

should one happen. “It should 

not take an extreme event, such 

as this pandemic, to make this a 

priority,” says Badrot. In response 

to the COVID-19 pandemic, he says, 

being prepared and choosing good 

suppliers are becoming popular 

topics for pharma companies. 

“Reliability and redundancy of supply 

have become more than simple buzz 

words in procurement departments, 

and good suppliers of ingredients will 

be prioritized over less reliable ones,” 

Badrot explains. “By far, a cradle-to-

grave supply chain with local starting 

materials, ingredients, and excipients 

for essential drug production will 

help to support resilient supply 

chains by removing the reliance on 

imports and driving new investments 

in green chemistry and Pharma 4.0 

efforts.”

What can pharmaceutical 

companies do to ensure they have 

a sufficient supply of APIs and raw 

materials to meet their production 

demands? Maintaining a high 

safety stock of critical APIs and 

other materials is imperative, says 

Vincent Colicchio, vice-president 

and Head–Supply Chain and External 

Manufacturing for North America 

Generics at Dr. Reddy’s Laboratories. 

“Many pharma manufacturers and 

contract manufacturers maintain only 

two to three months of API supplies 

and other critical materials on hand.  

They need to consider increasing 

the inventory levels to four to six 

months. Even though the investment 

is higher, the ability to meet 

customer requirements is critical 

during any supply chain disruption. 

This will provide companies with a 

competitive advantage and allow the 

business to continue,” says Colicchio.

Having a stringent process for 

qualifying material suppliers is also 

important, according to Hamilton 

Lenox, senior vice-president, 

business development at LGM 

Pharma, an API sourcing and supply 

chain management company. 

“Ideally, to qualify manufacturers, 

you’d include an in-person visit 

or audit,” he says. Lenox also 

recommends having a dual-sourcing 

strategy for APIs and excipients. “If 

practical, we recommend having a 

second and third source identified 

and qualified; in the event something 

happened to your first one or two 

suppliers, you’re never left with just a 

single source.”

Understanding the supplier’s 

supply chain and looking for potential 

problems are key to de-risking 

the supply chain, says Lenox. “For 

example, if all your API suppliers are 

sourcing key raw materials from a 

single source or a single country or 

region, this is a risk. Diversification of 

the supply chain is critical. Another 

step is evaluating the safety stock 

of your suppliers; some maintain 

three to six months, while others 

order only on an as-needed basis; 

in a single-supplier situation with a 

disruption, even three to six months 

safety stock may not be enough. 

Check your suppliers’ safety stock 

system to ensure it meets your 

needs,” he says.

Lenox also recommends preparing 

for changes in demand by looking for 

flexibility in the commercial supply 

agreement. “If a single finished-

dose supplier regularly runs at 90% 

capacity, maybe they can’t handle a 

surge, while one at 75% may have a 

short-term buffer to carry through a 

spike in demand,” he says. 

Sponsor companies should take 

a long-term view when purchasing 

key starting materials (KSMs) and 

APIs sourced from countries such 

as China to be sure production can 

be sustained over months, says 

Colicchio. He suggests companies 

purchase additional volumes of key 

APIs in advance. “Taking a longer-

term view of at least six months for 

key APIs will allow companies to 

remain competitive instead of staying 

with three months of supply of key 

APIs, for example,” Colicchio states.

Tomlin stresses that 

pharmaceutical companies must 

have more robust plans in place to 

establish supply alternatives. “It is 
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to ensure/validate compliance to 

GMP if they are used for a prolonged 

period or as a stand-alone effort,” 

says Badrot. 

Colicchio warns that identifying 

compliance problems is difficult 

with virtual-only inspections and 

missed problems could lead to supply 

disruptions. “Much can remain 

hidden and virtual inspections will 

likely not be able to see all potential 

production, warehousing, and 

facility issues and gaps at the site.  

This could lead to an inadequate 

inspection of an API producer that in 

turn could lead to quality problems 

with the API in a finished drug 

product.  The API and finished drug 

product suppliers are critical nodes in 

the supply chain,” he says.

While virtual inspections may 

work for already qualified suppliers, 

Vengurlekar says that when it 

comes to choosing new suppliers, 

virtual inspections may impede the 

process. “In-person inspections 

let you walk around the facility, 

see how it’s maintained, check its 

water source and environmental 

monitoring. You can see the 

equipment to evaluate for potential 

cross contamination, and check lab 

spaces, storage, and warehousing. 

You cannot get that picture with 

a virtual inspection. That said, 

virtual inspections are suitable 

for previously qualified vendors. If 

you’ve already been there, a virtual 

visit is appropriate as someone 

explains a new process, since 

you’re just sharing documents and 

reviewing data. But for an initial 

process or facility inspection, 

you should rely on in-person 

inspection,” he says.

Testing materials
The testing of APIs and raw 

materials is crucial for ensuring 

that pharmaceutical products are 

safe and effective. And establishing 

incoming testing control protocols 

is necessary to be GMP-compliant, 

says Badrot. “Each company is 

required to have its own incoming 

testing control protocols to be 

GMP-compliant, and this level of 

testing will be fully integrated into 

the manufacturer’s quality control 

processes. When we receive 

incoming raw materials, everything 

is tested and documented according 

to our DMFs [drug master files] and 

CEPs [certificates of suitability]. 

In some cases where we see the 

need for extra traceability, we will 

work to develop and validate our 

own analytical methods to increase 

accuracy and reliability of our 

tests,” he says

Tomlin states that materials 

testing is dependent on the project 

and the customer. “From an import/

export regulatory perspective, 

documentation required varies 

widely dependent upon the nature 

and final use of the material 

being imported. From a US 

viewpoint, for example, there are 

considerations to be made from a 

US Customs perspective, but also 

other regulatory agencies such 

as the United States Department 

of Agriculture (USDA), Centers for 

Disease Control and Prevention 

(CDC), FDA, and US Fish and Wildlife 

Service (FWS),” he says. 

LGM Pharma has separate 

procedures for qualified suppliers 

and new suppliers. The company 

requires a certificate of analysis 

(CoA), all shipping documents, 

and the material safety data 

sheets from suppliers that have 

already been audited and qualified, 

according to Lenox.  “With a new 

supplier or with any concerns, we 

advise our clients to do the release 

testing themselves. It can be very 

dependent on the product and the 

nature of the relationship with the 

vendor—their reputation, reliability, 

qualification status,” he says. 

“If LGM Pharma had a lab to 

conduct testing, in addition to 

obtaining the CoA, I’d want to 

perform two tests—an identification 

test and an assay or potency 

test. These are valuable as part of 

testing received materials,” adds 

Vengurlekar.

Bringing the supply onshore
The pharmaceutical industry’s reliance 

on offshore API and raw materials 

manufacturers has been a topic of 

interest for several years, especially 

when incidents such as the heparin 

contamination in 2008 cause injury 

and deaths to patients (2). And 

complications arising from the COVID-19 

pandemic have once again put the 

idea of moving the manufacturing 

of pharmaceutical ingredients from 

foreign to domestic facilities. 

In the United States, calls for 

bringing pharmaceutical ingredient 

manufacturing onshore have 

increased recently from some 

political circles. In May 2020, the 

Biomedical Advanced Research and 

Development Authority (BARDA), part 

of the US Department of Health and 

Human Services awarded a contract 

to the newly-formed Phlow Corp. to 

produce pharmaceutical components 

and critical drug products in the US 

(3); other measures by the federal 

government to move production 

onshore have been met with mixed 

responses (4). 

While the use of foreign API 

and raw materials suppliers 

creates concerns about quality 

and drug shortages during global 

crises, the dependence on foreign 

suppliers has potentially hurt the 

US pharmaceutical industry from 

a business perspective, as well, 

according to Lenox. “There is a 

strategic argument to be made 

that we in the US have collectively 

weakened our supply chain position. 

Most generic production, particularly 

of APIs, has moved offshore, putting 

us at risk. If COVID-19, and the 

potential for geopolitical disruption 

such as a trade war with China, 

has taught us anything, it’s that 

we cannot be entirely dependent 

on an overseas supply chain. And 

we are. Even generic drug and API 

production in India is dependent 

on Chinese raw materials and key 

The COVID-19 pandemic 
has forced the industry to 
work in new ways.
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believe government incentives 

of some form are needed to get 

companies to reshore production, 

more so of APIs and raw materials 

than finished dose forms,” he says.

“The US must recover from its loss 

of small-scale manufacturing. The US 

should encourage this manufacturing 

industry to flourish here, to bring 

back one-product manufacturers or 

those that do a handful of products 

really well,” says Vengurlekar.

Conclusion
The safety of the pharmaceutical 

supply chain is of utmost importance 

during “normal” times; the COVID-19 

pandemic has illuminated potential 

pitfalls of the pharma industry’s heavy 

reliance on a global supply chain for 

critical ingredients and drug products. 

Increasing domestic production 

of APIs and other pharmaceutical 

materials is an option for boosting 

the supply and ensuring the quality 

of these materials. However, such a 

transition has a long timeline. 

But what can be done in the 

meantime? Colicchio says another 

option is increasing the safety stock 

of these materials. “The way to 

accomplish this is to increase the 

amount of the national stockpile and 

require any manufacturer working 

with the government to carry at least 

six months of finished drug products 

in the US distribution centers.  It is 

important to also conduct stability 

studies to extend the shelf life of the 

drug products to increase the expiration 

dating when maintaining higher safety 

stocks.  This will yield a positive impact 

on the supply chain,” he says.
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intermediate supply. We need to 

move in the direction of reshoring a 

portion of the pharmaceutical supply 

chain. But it’s not going to happen 

overnight. Our domestic pharma 

business model cannot support it, 

as China and India have efficient 

models that keep costs low because 

they aren’t accountable to the same 

legal, insurance, and other impacts. 

Chinese industry also enjoys the 

support of its government,” he says.

So, how would moving raw 

material manufacturing onshore 

impact the supply chain? Having 

domestic manufacturing of materials 

and APIs would eliminate the 

reliance on imports and stabilize the 

supply chain, says Badrot. He warns 

it will increase costs, “but quality will 

also improve and most importantly, 

so will reliability and availability of 

supply in times of crisis. Everything 

has a cost, and that [is] one well 

worth paying for.”

Is moving production of materials 

onshore feasible? Colicchio warns 

that onshoring will increase costs 

and it would take time to build or 

modify production facilities in the 

US to fulfill demand. “The cost of 

onshoring finished drug products 

will increase at least 30–40% when 

including production of APIs and 

KSMs from US-based production 

facilities. The onshoring of API and 

KSM production presents several 

issues including: high capital costs 

to build an API manufacturing facility 

with sufficient long-term capacity 

for global supply; long lead times for 

permit approvals; the higher labour 

cost to produce APIs in the US versus 

China and India; and the higher 

capital investment for abatement 

systems to minimize environmental 

problems associated with API 

production,” says Colicchio.

There would also be some cost 

savings, according to LGM Pharma’s 

Vengurlekar. “China captured the US 

market by providing low cost. It could 

provide drug product manufacturing 

at less than half the cost of domestic 

production. But what Big Pharma 

didn’t anticipate, or even ignored, as 

it moved much of the supply chain 

to China and India, was issues with 

quality and intellectual property. 

They also didn’t consider potential 

hidden costs, such as the cost of 

monitoring overseas production. It’s 

a net positive to reduce our reliance 

on overseas production,” he says. 

Badrot stresses that while price 

and quality are two factors that 

industry will take into consideration 

when discussing the move to 

onshore materials manufacturing, 

those factors are not enough to 

change how things are currently 

done. Government mandates will 

be necessary to create significant 

change, he believes.

“Comprehensive policies and 

government funded initiatives 

are needed to encourage the 

implementation of innovative and 

flexible manufacturing assets 

(which already exist) that will allow 

countries to quickly establish 

sustainable and independent 

manufacturing supply chains for 

essential APIs and drug products,” 

Badrot says. “At the same time, 

establishing economical barriers 

to imports, whether in the form 

of preferred access regulations, 

mandates for domestic supply, 

financial grants, or import duties 

would further these efforts. The 

approach could be similar to the 

mandates the defense industry has 

for using locally made components 

and domestic manufacturing. And 

though some argue this is too 

difficult or costly to implement, it 

is in fact the only responsible way 

forward for governments to establish 

effective policies that protect their 

citizens when the next pandemic 

hits.”  

Lenox agrees that government 

intervention might be necessary to 

promote moving pharmaceutical 

material production onshore. “We 

Increasing domestic 
production of APIs and 
other pharmaceutical 
materials is an option for 
boosting the supply.

https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/information-heparin
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director of R&D at JRS Pharma in the 

United States. Blend homogeneity is 

critical for achieving content uniformity 

in the finished tablet, according to Mark 

Dreibelbis, associate research scientist 

with DuPont Nutrition & Biosciences. 

“Large mismatches in particle size 

and flowability between excipients 

and the API can lead to segregation, 

impacting dosage consistency and 

possibly leading to excursions from the 

therapeutic window,” he explains. Inter- 

and intra-lot excipient variability should 

be understood, as well as its potential 

impact on process and product quality 

Zeleznik observes. 

“Excipients can be a double-

edged sword for OSD continuous 

manufacturing processes,” states 

Krizia Karry, global technical marketing 

manager at BASF Pharma Solutions. 

“They can be used to improve 

flowability and tabletability, but they 

may also affect dissolution performance 

if they are shear dependent, for 

example. My recommendation is to 

steer away from excipients that are 

very shear dependent as these can 

lead to inconsistent residence time 

distributions, and those with broad 

particle size ranges and/or high specific 

surface area, as fines are more prone 

to gaining static charge and bridging,” 

she says.

A quality-by-design (QbD) 

development programme supported 

by an appropriate process analytical 

technology (PAT) strategy is essential in 

understanding and controlling excipient 

impact on continuous manufacture and 

drug product quality and performance, 

according to Zeleznik. Lubrication 

strategies also need to be rethought 

not only with respect to the right choice 

of lubricant, but the right use level and 

when it should be added. 

Desirable characteristics
In batch manufacturing, Krizia explains, 

there is not too much emphasis 

placed on flow characteristics, shear, 

or electrostatics because the batch 

dispensing process is manual (you 

open a bag and dispense into an 

[intermediate bulk container] IBC, 

or you use a vacuum system) and 

C ontinuous manufacturing is being encouraged by regulatory 

authorities as a means for improving product consistency 

and quality while also potentially reducing cost. For continuous 

manufacturing of oral solid dosage drugs, excipients play important 

roles not only in the performance of the formulated product, 

but also during processing. Excipients must address the specific 

needs of the API, such as the desired drug release rate, solubility 

enhancement, crystallization inhibition, or improved API uniformity 

while also enabling processing of the final intended dosage form. In 

the latter case, physiochemical properties such as flowability, density, 

particle morphology, and glass-transition temperature are crucial 

considerations for designing an optimal continuous process.  

For each given excipient, the impact on a continuous process may be 

small or substantial depending on the quantity of excipient present and 

its difference in properties from that of the API. Many excipients available 

today are well suited for continuous processing, but there remain 

significant opportunities for increasing knowledge about the impact of 

material property changes in process output and drug product quality.

Excipient choice has profound impacts
“The excipient impact on continuous drug product manufacture is 

profound,” asserts Joseph Zeleznik, technical product manager for 

IMCD US Pharmaceuticals. “The proper choice and use level influence 

product and process robustness, throughput and yield, development and 

manufacturing costs, and drug product quality. It is important that any 

excipient used is not only effective in its application within the formulation 

but is well-suited to maximize continuous manufacturing process 

efficiency,” he adds.

For oral solid dosage (OSD) drugs, excipients can have an impact 

on the physical characteristics (i.e., flow, density, homogeneity, and 

compactability) of the mixture in the equipment during processing and 

ultimately at compression or encapsulation, notes Anthony Carpanzano, 

Cynthia A. Challener, 
PhD, is a contributing 

editor to Pharmaceutical 

Technology Europe.

Key Ingredients  
Needed to Drive 
Continuous Manufacturing 
Understanding and overcoming excipient variation  
are crucial for successful continuous processes.
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subsequent unit operations are 

discrete. “In continuous processing, 

the impact of compactability (change 

in volume with force) when refilling 

materials, flowability (how easy the 

material moves through the line), and 

shear (which also dictates your feeder 

screw set-up because you want to feed 

accurately and without breaking the 

material) must be considered, among 

other factors,” she says.

Overall, Zeleznik says that continuous 

manufacture is no different than batch 

manufacture regarding choosing the 

“right” excipient. “Excipient choice 

is predicated on several factors, 

including API physicochemical 

characteristics, targeted dose, route of 

administration, and most importantly, 

the manufacturing equipment and 

process used during continuous 

manufacture,” he says. “Another 

consideration in choosing an excipient 

is its multifunctionality and flexibility 

with respect to the formulation and 

process. Excipients to avoid are those 

having limited performance attributes 

or that are unsuitable for continuous 

operations. Because of the limited 

feeders, more has to be accomplished 

with less.”

It is important, therefore, to 

develop a formulation with the desired 

functionality. The flow, density, particle 

size, and electrostatic properties 

of excipients are more important in 

continuous processes versus traditional 

batch processes, according to Mara 

van Haandel, innovation manager 

at DFE Pharma. “During continuous 

manufacture, it is essential that product 

flows in a continuous manner in the 

processing units (and is consistently 

transported from one unit to the next), 

as clogging of material/material build 

up can impact the residence time 

distribution,” she says. Hence, the 

“right” excipient choices have to be 

made from the start of developing a 

formulation on a continuous process.

That can be a challenge for OSD 

formulations because powders of 

various particle sizes and densities 

must be meter-fed into the system at 

the correct ratios and then make their 

way through the production path, notes 

Becca Putans, an associate chemist 

from DuPont. “Materials that have 

a poor flowability or high cohesive 

properties pose a risk of accumulating 

in corners, causing blockages, 

downtime for cleaning, and non-uniform 

dosage forms,” she says. 

Any excipient chosen also needs 

to demonstrate a non-segregation 

potential for the final blend. “Since the 

materials move continuously together 

through the unit operations, the mixture 

must stay at the correct ratio, otherwise 

the resulting dosage forms will not 

have a uniform distribution of the active 

ingredient,” Putans adds. Excipients 

with higher flowability, optimized 

density, morphology, and moisture 

content, low batch-to-batch variability, 

and compactability are preferred.

The physical behaviour of an 

excipient when under shear stress is a 

major determining factor in its suitability 

for continuous processing, adds 

Carpanzano. “Excipients that perform 

well in continuous manufacturing can 

be easily fed into the process at a 

uniform rate, promote blending with the 

active ingredient and other excipients, 

maintain flow and do not break down or 

compact in the mixing phase, and can 

be compacted into tablets or filled into 

capsules after blending,” he concludes.

Many direct compression excipients 

have been designed for use in a 

continuous tabletting operation, 

according to Putans. The particle size 

and morphology have been tailored 

to provide a high level of flowability 

while retaining compactability. “These 

materials are designed to flow through 

a continuous manufacturing process 

with little build-up, while maintaining 

content uniformity and good final 

dosage consistency,” she observes.

In some cases, a pre-blending 

strategy is adopted to improve 

flowability, such as with fumed silica 

when used as a glidant, according 

to Karry. “Fumed silica has a low 

density of 0.03 g/mL, which presents 

challenges when trying to individually 

dispense via loss-in-weight feeders. 

“To overcome this issue, formulators 

pre-blend the glidant with another 

excipient to ensure accurate feeding 

and good flow properties of the blend. 

Undoubtedly, pre-blending with silica 

is not ideal—especially in a continuous 

manufacturing setting—but it is a 

proven strategy for improving powder 

flowability,” she says.

“Improving flow properties with 

excipients is a proven strategy, but for 

troublesome low-density and/or poor 

water-soluble APIs, additional unit 

operations have also been adopted 

to continuous platforms,” adds Karry. 

Twin-screw granulation or hot-melt 

extrusion excipients intended for 

preprocessing of these APIs should 

have wide operating temperature 

ranges and resist degradation, 

discoloration, or drastic changes in 

viscosity, according to Dreibelbis. 

Binder selection is also critical for 

continuous granulation processes for 

uptake of granulation liquid and quick 

drying to produce robust granules. Less 

hydrophilic grades of common binders 

exist to facilitate faster moisture 

removal from the resulting granules, 

which ultimately reduces cost and 

improves throughput, he adds.

Electrostatic challenges
Compared to batch processes, 

electrostatics (measured as static 

charge) is a critical for both APIs and 

excipients. “When a material bridge 

occurs due to electrostatics,” Karry 

explains, “material is likely not being 

fed through the conveying screw 

elements, and thus, there is no registry 

of weight change over time. This absent 

change triggers a control reaction 

(since feeders have Level 1 control) that 

involves increasing the screw speed to 

‘try’ to dispense more material. Since 

the material is stuck on the hopper, 

no material is fed and the result is 

a subpotent (for the case of API) or 

superpotent (if the case is for filler) 

blend. The blend amount produced 

during this time will depend on the total 

mass flowrate of the process, the mean 

residence time, the alarm limits, and the 

controller dead-time.” 

The problem, Karry adds, is that few 

options exist for accurately measuring 

this attribute and electrostatic 

properties depend on the humidity, 
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Karry adds that research centres 

and companies alike have developed 

excipient libraries that serve as input 

to mechanistic models that predict 

the impact of raw material property 

changes on feeding accuracy, 

hold-up mass, mean residence 

time, and downstream drug product 

concentration. These models are 

verified with tracer experiments 

that seek to measure the change in 

concentration as a function of time and 

total mass flowrate.

Unfortunately, according to Karry, 

the selection of these tracers is not 

a trivial task, because formulators 

need to consider the strengths of their 

spectroscopic signals (near-infrared 

or Raman, typically), and their bulk 

properties, as their addition into 

the blend should not affect the bulk 

flowing properties that one intends to 

study. “Such a perfect tracer does not 

currently exist,” she says.

Need for a novel  
excipient approval pathway
While challenges for continuous 

manufacturing are being addressed 

through advances in excipient 

technologies, a regulatory gap 

continues with novel excipient 

acceptance, according to Zeleznik. 

“New or novel excipients are often 

avoided due to the perceived risk 

associated with using a new excipient 

even when a novel excipient’s 

performance could expedite drug 

product development and enhance 

continuous manufacturing processes,” 

he says.

There might be some changes 

coming, however. The US Food 

and Drug Administration is now 

considering a pilot programme for 

novel excipient assessment (1). “Should 

this programme be formalized and 

novel excipients have an acceptance 

pathway, it could do much to advance 

continuous manufacture growth going 

forward,” Zeleznik believes.
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temperature, and contact material. 

It is therefore important when 

evaluating performance to replicate the 

manufacturing conditions.

van Haandel notes it is unlikely that a 

powder will bridge due to electrostatic 

behavior in a hopper/feeder, but due 

to the combination of wall friction and 

hopper/feeder flow mostly caused by 

powder consolidation and/or incorrect 

powder flow in relationship to the 

opening diameter.

Multifunctionality is essential
In a continuous process, ingredients 

need to be fed in at an appropriate 

rate and at the correct ratio. When 

there are many different ingredients, it 

can be challenging and costly to have 

feeders dedicated to each individual 

component. To reduce the number 

of feeders that must be aligned, 

co-processed excipients offer an 

effective solution, and also reduce the 

number of variables and opportunities 

for variability in a process, according to 

van Haandel. 

“A single high-functionality 

co-processed excipient can accomplish 

the same task using only one feeder, 

thus enhancing finished product 

performance while keeping variability 

to a minimum,” Carpanzano agrees. 

A typical coprocessed excipient has 

a filler, a binder, and a disintegrant as 

part of its structure, as well as a low 

concentration of glidant to ensure 

excellent flow, according to Karry. 

“In addition to eliminating the need 

for multiple feeders, the use of such 

co-processed excipients simplifies 

the control architecture and control 

strategy for continuous processes,” 

she notes. There is also less chance of 

segregation of the components during 

mixing, according to Carpanzano. 

In fact, Zeleznik asserts that 

multifunctional excipients are an 

essential part of a successful, robust 

formulation and process. “While 

not new, co-processed excipients 

offer the increased, multifunctional 

performance needed for continuous 

operations,” he says. “Modifications 

to existing excipients, such as particle 

engineering, and advances in excipient 

performance through co-processing 

have accelerated the development of 

continuous processing, and specifically, 

continuous manufacture of directly 

compressed tablets..”

Addressing inherent variation
Consistent performance of 

excipients is essential for continuous 

manufacturing. So is a constant feed 

in and out of a continuous process 

to ensure traceability and control 

of all critical process parameters. 

“Because excipients have inherent 

variation, it is important to understand 

the implications of this variation on 

continuous processes and thereby final 

products,” states van Haandel.

Therefore, simplification of a 

formulation combined with the 

use of very consistent excipients is 

important. DFE Pharma is applying 

fundamental and mechanistic analyses 

to gain an understanding of the impact 

of potential excipient variation on 

continuous manufacturing processes 

and the performance of final products. 

Using this knowledge in formulation 

development is essential for successful 

implementation, according to van 

Haandel. “Formulations should be 

designed in such a way that they 

can cope with the variation proven 

in historical data and analyzed using 

multivariate statistics,” she states.

DFE Pharma is applying multivariate 

analysis on all physical/chemical 

parameters to better understand 

historical product variation and is 

offering stretch batches, or batches 

showing high multivariate variation to 

ensure they are representative of the 

historical product variation (five years of 

manufacturing-based data), to enable 

formulators to test the impact of this 

variation on their formulations. 

DuPont is also analyzing critical 

excipient attributes, providing historical 

(four to five years) manufacturing 

data to establish inherent excipient 

variability, and performing 

comprehensive multivariate analysis 

on many grades to understand the 

variability within batches and at 

different manufacturing sites, according 

to Dreibelbis.

https://www.federalregister.gov/documents/2019/12/05/2019-26266/novel-excipient-review-program-proposal-request-for-information-and-comments
https://www.federalregister.gov/documents/2019/12/05/2019-26266/novel-excipient-review-program-proposal-request-for-information-and-comments
https://www.federalregister.gov/documents/2019/12/05/2019-26266/novel-excipient-review-program-proposal-request-for-information-and-comments
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(DCS) will increase its surface area and 

eventually increase the dissolution 

rate of the API, as described by the 

Noyes–Whitney equation,” concurs 

William Wei Lim Chin, manager, Global 

Scientific Affairs, Catalent. “In terms 

of manufacturability of drug product, 

the particle size of either the API or 

excipient may have an impact on bulk 

density, flowability, blend uniformity, 

and compactibility of the solid dosage 

form. From a regulatory perspective, 

establishing particle size specification 

is of paramount importance if 

it is critical to a drug product’s 

performance by affecting dissolution, 

solubility, content uniformity, stability, 

or the product’s appearance.”

Manford also confirms the impact 

of particle size reduction on surface 

area, which leads to improvements in 

solubility and hence dissolution rates 

and bioavailability. “Smaller particle 

sizes also broaden both the route 

of administration and dosage forms 

available for the candidate molecule,” 

he notes. “For example, whereas 

larger particles are available for oral 

administration only, a smaller particle 

permits the drug candidate to be 

considered for pulmonary delivery.”

Important considerations
“The particle characteristics required 

will be determined by the challenge 

the particle engineering solution needs 

to address,” says Jones. As previously 

noted, particle size reduction is key 

for improvement of a dissolution-rate-

limited compound’s bioavailability; 

however, the particle size which the 

API needs to be will, to some degree, 

be molecule dependent, he adds.

“Engineering API particles for 

respiratory drug delivery will require 

particles with a median in the 1–5-

micron range and typically between 

1–2 microns, with a narrow particle 

size distribution to ensure more 

targeted delivery where the particles 

flow to the target area of the lungs,” 

Jones continues. “To go deeper 

into the lungs towards the alveoli, 

particles in the sub-micron and nano 

range could be advantageous. But for 

lung delivery, size isn’t everything, 

P article engineering has inevitably grown in popularity over the 

years within the bio/pharma industry, not only because the number 

of challenging molecules entering development is swelling but also as a 

result of the control of processability or critical quality attributes (CQAs) 

of a drug that can be achieved. Whether ‘bottom up’ or ‘top down’, 

particle engineering can optimize drug development and broaden the 

range of suitable drug candidates effectively.

“The main goal of particle engineering is to manipulate the properties 

of the API particles so that they are suitable for delivery to the target 

site of the patient,” says Fergus Manford, patent attorney, Vectura. 

“The importance of particle engineering is that immediately following 

synthesis, the API particles are rarely in a physical form that is suitable 

for formulating with excipient into a final dose form. The API particles 

often require size reduction to either the micro- or nanoscale and might 

also need physical stabilization.”

The small matter of size
“Particle or crystal engineering is not a new science in pharma, but 

something that has been done for a very long time,” asserts Christian 

Jones, chief commercial officer, Nanoform. “When an API is crystallized in 

a well-controlled manner, it is engineered to a defined specification.”

The requirement for particle engineering in drug development can 

be attributed to a need to improve the dissolution and solubility of a 

molecule, addressing processability issues in downstream manufacturing, 

reducing attrition in clinical trials, and controlling a drug’s CQAs through 

particle size specification. “Engineering API particles below 100 nm 

provides a dramatic uplift in specific surface area directly correlated with 

dissolution behaviour, and engineering particles in the 50 nm range and 

below increases the intrinsic solubility of the molecule,” Jones confirms.

“For bioavailability improvement, reducing the particle size of an 

API classified as type 2a (good permeability but poorly soluble and 

dissolution rate limited) under the Developability Classification System 

Felicity Thomas

A Great 
Manipulation: 
The Value of 
Engineering 
Particle 
Properties
Particle engineering is a useful tool to 
manipulate API particles into a form that is 
manufacturable and deliverable to the patient.
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as smaller particles may be exhaled 

out before depositing effectively 

in the lung. The ability to engineer 

particles with optimal shape, 

morphology, and rugosity can help 

them to be aerodynamic, exhibit less 

agglomeration, and perform better 

when administered to the patient.”

For Manford, although the most 

important considerations for particle 

engineering are particle size, size 

distribution, particle shape, and particle 

surface energy, he agrees that there 

are secondary factors to consider also. 

“Secondary considerations include 

the nature of the APIs and excipients, 

in particular the morphology and 

surface properties of the starting 

particles, as well as their ability to 

dissipate electrostatic charge and 

ability to control adhesiveness and 

cohesiveness,” he asserts. “The 

plasticity, hardness, brittleness, and 

friability should also be taken into 

consideration when selecting the 

particle engineering approach. Finally, 

the hygroscopicity of the API will also 

dictate which techniques are available 

to the user.”

Particle engineering has evolved over 

the years to respond to technological 

advancements in milling, crystallization, 

and particle formation, explains Chin. 

“The shape and surface properties of 

both the API and excipient can affect 

how they are attached to each other 

and dictate the desired delivery of 

the drug,” he says. “This is especially 

important for dry powder inhalers 

where the API is often micronized 

and mixed with a larger carrier/

excipient particle.”

However, when micronizing particles 

to reduce their size, there is the 

potential issue of producing regions 

of surface disorder in the freshly 

micronized material, warns Manford. 

“When an API is micronized or milled, 

mechanical energy is used to break up 

the crystals into smaller ones, and this 

energy has to go somewhere,” Jones 

explains. “The energy often remains on 

the surface of the particles, raising the 

surface free energy of those particles 

and creating amorphous domains on 

the crystalline material. This means 

that the API may be challenging to 

process further and formulate because 

of the inherent instability caused by the 

increased surface free energy.”

As a result of this surface energy, the 

API may adhere more strongly to other 

API particles and be more cohesive 

with other excipients in the formulation 

when energy levels are elevated, Jones 

notes. “This issue can cause significant 

challenges in formulation, batch-to-

batch reproducibility, and stability,” he 

says. “To reduce surface free energy 

of API particles, they may need to be 

left undisturbed for up to six months 

before they can be processed post-

micronization. This is a huge inventory 

cost for any pharma company.”

Additionally, the degree of wetting 

of a powder system by a liquid is 

determined by the surface energy, 

confirms Chin. “The good interaction 

between the liquid and the surface of 

the particle will ensure the wettability 

of the powder, and hence, its ability to 

dissolve,” he says.

When considering particle size 

distribution, it is better for it to be as 

narrow and as consistent as possible, 

continues Manford. “Conventional 

milling techniques are relatively 

uncontrolled, randomized processes, 

limited in their ability to produce a 

product with a uniform particle size 

distribution,” he notes. “Spray drying 

and high-pressure homogenization 

are better suited to producing 

narrow particle size distributions, 

but these are both wet processes 

and some candidate molecules 

might not be amenable to this 

formulation approach.”

In working with spray drying 

techniques, formulators need to be 

concerned with controlling the particle 

morphology through altering the 

atomization process, spray solution 

properties, and drying kinetics to 

modify the surface properties of the 

spray-dried particles, asserts Chin. 

“Such modification will also impact 

the density, flow, and mechanical 

properties of the spray dried particles,” 

he says.

Highlighting specific challenges 

pertaining to nanometer-sized 

particles, Manford states that there is a 

tendency for particles to agglomerate 

to a less energetic state. “In so 

doing, the agglomeration reduces 

the surface energy, but causes an 

increase in measured particle size,” 

he adds. “To combat the high surface 

energy produced whilst preparing the 

nanometer-sized particles, stabilizers 

are used to prevent agglomeration. 

There is, therefore, a tension between 

the desire to reduce the particle size 

with the need to use surface-energy 

reducing additives.”

“Whilst the reversion of energetic 

amorphous regions back to the 

crystalline state can dramatically 

increase the size of milled particles, 

the amorphous form actually improves 

the dissolution profile of drugs because 

the amorphous state is more readily 

soluble than the crystalline form,” 

Manford asserts.

Selecting the best technique
“The selection of particle engineering 

technique is largely driven by the API’s 

properties,” says Chin. “For example, 

if the API is sensitive to impact, shear, 

or high temperature at the point of 

collision, attrition milling is probably not 

a suitable technique. And if the API is 

inherently thermodynamically instable, 

any technique that induces amorphous 

regions on the particle surface will also 

not be suitable.” 

The type and severity of the 

challenge facing the developer is 

critical when considering which 

technique should be employed, states 

Jones. “If the developer is using a very 

poorly soluble molecule, then spray 

drying and nanomilling may not be 

ideal and another technique, such as 

Controlled Expansion of Supercritical 

Solutions (CESS), may be required,” 

he states. “However, if it is only 

incremental solubility improvement 

that is required, then spray drying and 

nanomilling may suffice.”

For neutral compounds, or those 

having weakly ionizable groups, crystal 

engineering is an approach to produce 

drug particles as an alternative to 

salt formations, notes Manford. “And 

the desired route of administration 
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expect outsourcing partnerships 

to offer advanced expertise that 

will help provide a de-risked and 

accelerated path to clinic and 

market. For this to happen, it is 

important for outsourcing partners 

to have integrated capabilities, 

from formulation development to 

commercial manufacturing, including 

analytical and packaging services,” 

he asserts. 

Jones notes the differences 

between providing top-down 

or bottom-up services. “When 

outsourcing drug development 

that requires a top-down particle 

engineering solution, the developer 

should always consider whether 

the outsourcing partner has both 

drug substance and drug product 

manufacturing in house,” he says. 

“This capability will enable them to 

have a better control of the input 

material for the micronization process 

and the output material from the 

same process.” 

If the API crystallization process 

is not very well controlled and the 

API is obtained from a single source, 

there is the potential for variability in 

drug product quality, Jones explains. 

Further along the process, at the 

micronization stage and then mixing 

stages, any potential variability will 

then be amplified exponentially, 

leaving the formulator with a highly 

variable drug product and potential 

batch failures.

“When outsourcing drug 

development that utilizes a ‘solution 

to particle’ [bottom up] engineering 

process, the developer does not 

need to be concerned about drug 

product variability due to quality of 

input material,” Jones continues. 

“The API can come from multiple 

sources providing it has a similar 

purity and quality specification, and 

the end crystallization process is 

less of a concern as the API material 

will be dissolved and recrystallized. 

This provides the drug developer 

with more certainty of a controlled 

formulation strategy and reduces the 

risk of batch failures, which can be 

highly expensive.” PTE

would certainly influence the selected 

technique,” he adds. “Pulmonary 

drug delivery requires a small and 

consistent particle size distribution, 

which is best achieved using a fluid 

energy mill (jet mill).”

“For respiratory drug delivery, the 

appropriate technique will depend on 

whether the API is stable with respect 

to mechanical attrition, and whether 

it is the delivery device that is going 

to be the driver for improving drug 

product performance or the particles,” 

continues Jones. “There are many 

complex and over-engineered inhalers 

on the market that are designed to 

compensate for the poor properties 

of the API particles in the formulation 

and become a strong barrier to 

entry for any generic competitor. If 

drug developers in this space used 

perfectly engineered particles from 

a solution-to-particle approach 

where the right characteristics 

were built into the particles, it may 

be possible, in theory, to have very 

simple devices delivering these drugs, 

because the particles would have 

superior formulation performance. 

Alternatively, by coupling high 

performing particles with high 

performance devices, it could be 

possible to have super-performing 

products for patients.”

As some APIs are very expensive 

and are only available in limited 

quantities during the early stages 

of development, there needs to be 

awareness of how much material will 

be lost with the particle engineering 

technique, Manford explains. “Jet 

milling in particular is not well suited 

to milling small amounts of expensive 

material due to a combination of 

internal surface loss and inefficiencies 

in the collection vessels,” he says.

However, Chin continues, choosing 

a specific particle engineering 

technique over another generally 

relates to how a predictive correlation 

can be achieved between process 

parameters, individual particle 

properties, and bulk particle behaviour. 

“This correlation is critical as it will 

help the formulators to optimally 

design processes and formulations,” 

he says. “If the technology is already 

well deployed internally at the 

outsourcing partner’s/developer’s 

site, then the choice is relatively easy. 

Beyond that, the choice will then 

boil down to expertise, the level of 

understanding, and the availability of 

capacity at commercial scale of that 

particular technology.”

The value of  
outsourced services
“Incorporating new drug candidates 

into a specific dosage form presents 

numerous technical challenges,” 

asserts Manford. “It is essential that 

the potential of these candidates 

be adequately assessed as quickly 

as possible; there is no benefit in 

spending money on a candidate that 

will fail during clinical development.”

However, to adequately 

assess each candidate, there is a 

requirement to develop a unique 

formulation that can effectively 

reflect any therapeutic potential that 

the candidate may offer, Manford 

notes. Therefore, there is the 

potential for companies to waste 

a significant amount of time and 

money in trying to micronize and 

formulate problematic candidates, or 

for companies to disregard promising 

candidates due to limited formulating 

experience, he adds.

“This assessment is precisely 

where [contract development 

and manufacturing organizations 

(CDMOs)] can add value,” Manford 

says. “CDMOs offer their clients 

immediate access to years of 

expertise and know-how acquired by 

working with a range of molecules. 

Many CDMOs also provide access to 

proprietary technologies and niche 

equipment necessary for achieving 

these optimal formulations, thereby 

providing a further competitive 

advantage at a time-critical stage in 

product development.”

In concurrence, Chin specifies that 

the role of the outsourcing partner is 

to ensure enhanced productivity and 

cost efficiency while also improving 

quality so that programme milestones 

can be met. “Drug innovators 
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ne of the biggest challenges encountered by newly 
developed drugs is poor aqueous solubility (1). Set-
ting up robust-strategies for improving solubility 
and, thus, bioavailability demands expert knowl-

edge and significant time and efforts, all of which are very 
costly. In recent years, however, micro- and nanometer-di-
ameter fibres have emerged as a feasible approach to de-
liver these poorly water-soluble drugs. Thanks to their high 
surface area to volume ratio they seem to be appealing for 
applications requiring fast drug release or for improving ap-
parent drug solubility. Among the existing rapid fabrication 
methods for these fibres, electrospinning and centrifugal 
spinning are the most versatile. However, while the electro-
spinning has already revolutionized different fibrous sys-
tems for pharmaceutical and tissue engineering applications, 
centrifugal spinning has proven to be a far more affordable 
technique with high yield and low cost (2–7).

In this study, an in-house customized and simple cen-
trifugal spinning system was used (8) that had been further 
modified with laser micro-drilling of circa 5-μm uniformly 
distributed perforations. Investigations of the processing 
parameters needed to produce solidified fibres of Zein 
protein blended with natural polymers of xanthan gum or 
arabic gum were conducted. The potential of drug loading 
into these fibres and the effect on its dissolution/release in 
vitro were also studied using hydrochlorothiazide (HCT) 
as a model drug. 

As the use of biopolymers, such as polysaccharides and 
proteins, is a widely-discussed topic toward positive con-
tribution to the environment owing to their availability 
and biodegradability, Zein, xanthan gum, and arabic gum 
were used to form these fibres. Zein is a proteinous material 
sourced from corn that is biocompatible and used currently 
for novel applications in drug delivery systems and scaf-
folds. Zein is also a cationic and non-polar material with 
film-forming ability (9). Efforts such as crosslinking Zein 
or mixing it with anionic materials, or even using electro-
spinning techniques, have shown expanded applications to 
deliver drugs and bioactive materials (10–11). However, the 
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Fabrication Modulation of 
Zein-based Fibres for Oral 
Delivery of Hydrochlorothiazide

Fabrication of natural polymers and biomaterials 
is often a challenging task given the complexity 
of their chemical structures and the requirements 
needed by delicate technique(s) used to 
combine and reshape these materials into a 
useful application. In the present study, a simple 
centrifugal method is suggested for combining 
Zein protein with xanthan or arabic gums to 
prepare a suitable bed of microfibres that 
can host a poorly water-soluble drug, such as 
hydrochlorothiazide. By varying the dwelling 
speed of centrifugation for these blends at a set 
temperature with an appropriate solvent system 
consisting of ethanol, distilled water, and citric 
acid, microfibres were produced in an average 
diameter range of 3.3 μm–6.7 μm. These fibres 
were characterized for their compatibility using 
thermogravimetric analysis and modulated 
temperature differential scanning calorimetry and 
were visualized using scanning electron microscopy. 
The findings have shown general good miscibility/
homogeneity. Although future investigations 
may further explore features of this system for 
oral drug delivery, it is hoped that this work will 
help establish a simple and scalable fabrication 
method for these types of blended compositions.
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research on using centrifugal spinning on this material is 
believed to shed light on the technique’s unique fibre-for-
mation ability, with careful modulation, to the point where 
a simple, high yield, and overall low-cost production plat-
form suitable as a drug delivery system can be developed. 
Whereas, arabic gum and xanthan gum are anionic poly-
saccharides that are expected to mix with Zein in an elec-
trostatic manner (12–13). 

Arabic gum is naturally derived from acacia species 
(plant) and is characterized by its water solubility and min-
eral composition, which consists of calcium, magnesium, 
and sodium, which have been used widely in drug delivery 
applications (14–16). Xanthan gum is an extracellular prod-
uct from bacterial fermentation (Xanthomonas campestris) 
with pseudoplastic rheology and self-assembly in aqueous 
solutions, which has also been used in healthcare products 
in pharmaceutical and biomedical fields (17–19). HCT, a 
diuretic agent, was selected as a model drug because it is a 
weak acid with two pKa values at 7.9 and 9.2 and is generally 
considered poorly water soluble or slow to dissolve (20–22). 
Therefore, incorporation into micro or nanofibres, in prin-
ciple, may be beneficial to enhance its apparent solubility 
and, thus, bioavailability.   

Materials and methods
Materials. Zein and HCT were purchased from Sigma-Al-
drich (United States [US]). Xanthan gum (Xantural 75) was 
obtained from CP Kelco (US). Arabic gum (Acacia) was 
purchased from BDH Chemicals (United Kingdom [UK]). 
Doubly distilled water was used throughout this study, ab-
solute ethanol was purchased from Fisher-Chemicals (US) 
and citric acid was purchased from Normapur VWR.

Methods. This section decribes the centrifugal spinning 
technique used on the investigated mixtures to produce fi-
bres. Solutions or dispersions of Zein–arabic gum or Zein–
xanthan gum were used to form a slurry-like structure. This 
was achieved by adding Zein into a hydroalcoholic solvent 
system and mechanically stirring at 500 rpm to form a vor-
tex. Arabic gum or xanthan gum was then added gradually. 
Citric acid was added after nearly one hour of mixing, and 
the solution or dispersion was heated to 30 ºC for 10 minutes, 

then fed directly into the in-house customized 3-mL spin-
neret cup. The formulations and processing conditions are 
presented in Table I. These parameters were devised based 
on three main criteria: forming a uniform solution/disper-
sion, emptying the spinneret cup completely, and to produce 
fibres that can be easily solidified and collected at room 
temperature for further investigations. The viscosity was 
evaluated with a Brookfield viscometer (LV, Brookfield Am-
etek, US) using an LV-64 spindle and by directly immersing 
the solution/dispersion into the spindle. The rotation rate 
was adjusted to 100 rpm at 30 ºC over an approximately 
five-minute duration. A Tef lon spinneret, designed as a 
cylindrical cup (3-cm diameter) with perforations of 5 μm 
distributed evenly on four sides, was used by fitting onto a 
chuck of programmable spin coater (G3P-8, Specialty Coat-
ing Systems, US). The resulting microfibres were stored in 
wax paper under phosphorous pentoxide for at least six 
hours prior to any characterization. 

Using general characterization, the centrifugal spun and 
dried fibres were evaluated thermally using thermograv-
imetric analysis (TGA) and modulated temperature dif-
ferential scanning calorimetry (MTDSC). A Netzsch TGA 
(TGA209 F1 Libra, Netzsch, Germany) was used to detect 
their thermal decomposition by subjecting approximately 
10-mg samples to a heating step from 30 ºC up to 500 ºC 
at a heating rate of 10 ºC/min. Samples were housed in 
open aluminum pans, and a dry nitrogen gas was purged 
at f low rates of 20 mL/min and 10 mL/min through the 
furnace and TGA head, respectively. All measurements 
were performed in triplicates. Data were analyzed using 
ProteusR-61 Software.

Modulated temperature differential scanning calorimetry 
(DSC) measurements were carried out using TA Instrument 
DSC equipped with a refrigerated cooling system (Q20, TA 
Instruments, US) and calibrated using indium for tempera-
ture and enthalpy calibration. An additional heat capacity 
calibration was performed using aluminum oxide. An am-
plitude of ±0.21, period of 80 seconds, and underlying heat 
rate of 1 ºC/min were used. The samples were subjected to 
two steps in this method. The first step was equilibration at 

-70 º C and isothermal heating for five minutes, followed by 

Table I. Fibre-producing formulations (without and with hydrochlorothiazide [HCT], termed as placebo and medicated, 
respectively) from centrifugal spinning of heated mixtures (30 ºC) of 70% solvent(s) in wt.% concentrations and ratios 
of solids in 30% by weight spun at 3000 rpm using different dwelling times.

Formula type

Ratios of solids in 30 wt.% Solvents ratio in 70 wt.%
Dwelling 

time (sec.)

Zein
(Z)

Arabic gum
(A)

Xanthan 
gum
(X)

HCT Citric acid
Absolute 
ethanol

Distilled 
water

ZA-Placebo 7 3 - - 1 6 3 90

ZA-Medicated 3.5 1.5 - 5 1 6 3 30

ZX-Placebo 7 - 3 - 1 6 3 120

ZX-Medicated 3.5 - 1.5 5 1 6 3 60
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a second step of heating to the selected final temperature. In 
all cases, the glass transition temperatures (Tgs) were taken 
at the midpoint of the transitions, whereby the melting tran-
sitions were derived mainly from the peak temperature; both 
from the total heat f low signals that have shown identical 
signals to the reversing ones. All measurements were per-
formed in triplicate. 

 Morphological features of these fibres were investigated 
using scanning electron microscope (SEM). While the sur-
faces of these samples were imaged straightforward, the 
cross sections were obtained after submerging them into 
liquid nitrogen to reduce the effect of cutting on the sam-
ples’ integrity. Samples were examined after mounting onto 
stubs using double-sided tape and a gold-coated mini-sput-
ter coater (SC7620, Polaron, UK). The micrographs were 
captured using Tescan SEM (vega3, Tescan, Czech Republic) 
with an acceleration voltage of 10 kV and an approximately 
6-mm working distance. Stigmatization was applied occa-
sionally to improve the quality of these images.

In-vitro dissolution/release studies of the resultant micro-
fibres were performed and compared to the powdered HCT 
(average particle size of circa 800 μm) with equal content 
of the drug. Samples were incubated in 100 mL of phos-
phate buffer (pH 6.8) at 37 ºC using mini paddles (DT70, 
Erweka, Germany) rotated at 50 rpm. Samples (5 mL) were 
withdrawn at specified time intervals and analyzed using 
an ultraviolet–visible spectroscopy (UV–Vis) spectropho-
tometer (UV-1800, Shimadzu, Kyoto, Japan). Samples were 
filtered using 0.22-μm filter-syringes and analyzed spectro-
photometrically at 316 nm. This wavelength was selected to 
have minimal interference with potential leaching of other 
components used in the formulae. The study was performed 
in triplicate, and the cumulative mean was calculated.

Results and discussion
The challenge taken up in this work is to find the proper 
combination of the selected biopolymer materials to pro-
duce microfibres while relying on the applied centrifugal 
forces of their fed and fixed volumes. Therefore, while the 
speed of mixing and duration was controlled with an aim to 
empty the filled spinneret, the chemical composition of the 
used solvent system was adjusted to produce uniform solu-
tion or dispersion of these mixes and to harden the resulting 
fibres. Citric acid has been shown to aid in solidifying the 
Zein solutions and, therefore, was used in all the studied 
combinations. As shown in Table I, Zein was used with arabic 
gum or xanthan gum as the main materials in 70% solvent 
solutions. Citric acid volume was adjusted to be used at min-
imal amount to allow collection of only the solidified micro-
fibres at room temperature. This is related to the expected 
cross-linking activity on Zein (10). The speed of spinning 
was fixed after preliminary investigations at lower speeds 
and fixed dwelling time. The studied formulations that have 
been jetted efficiently from the spinneret were evaluated for 
their viscosities. It was found, as seen in Figure 1, that the 

selected speed of 3000 rpm during spinning has been used 
with different mixing or dwelling times, which correlate well 
(R2 > 0.95) with the viscosities, regardless of the type of ma-
terials composition in the formulations used. This suggests 
that a speed of 3000 rpm is robust to the type of materials 
used, and dwelling time can be modulated in a proportional 
manner, according to the viscosity of the resulting solution 
or dispersion, as deduced by the linear equation illustrated 
in Figure 1. Furthermore, addition of the drug HCT to the 
Zein/xanthan or arabic gum mixtures reduced the viscosity 
and processing time. This could be attributed to potential 
plasticizing effect of HCT.  

Imaging experiments by SEM on the produced fibres 
have shown that the diameter was circa 3–6 μm, and, there-
fore, the studied combinations with the applied processing 
parameters were said to produce microfibres as shown in 
Figure 2. In this figure, it has been demonstrated that mixing 
Zein with either arabic or xanthan gum produced a web 
of aligned fibres. The loading of HCT did not affect the 
appearance of these fibres; however, the diameter has been 
shown to decrease. This could be explained by the observed 
improvement of the materials’ flow (Figure 1) and thinning 
of the ejected fibres from the spinneret holes. Interestingly, 
the drilled holes of the spinneret have a diameter of almost 
5 μm; fibres of circa 3 μm were successfully produced. In 
link with Figure 1, arabic gum combined with Zein has lower 
viscosity than the corresponding Zein and xanthan gum 
combination. This could further explain that the arabic 
gum–Zein combination has a narrower diameter and, thus, 
might be associated with higher surface area compared to 
the Zein–xanthan gum blend, especially when loaded with 
the studied drug (i.e., HCT). It is noteworthy that cross-sec-
tions of these fibres were difficult to obtain and to image 
without destroying the web structure. However, recovery 
of these samples from liquid nitrogen produced the useful 
images illustrated in Figure 2, which allows for the postu-
lation that the Zein–arabic gum-based formulations form 
hollow fibre webs compared to Zein–xanthan gum-based 
fibres, which seem to have a more congealed appearance.

Peer-Review Research

Figure 1. The measured viscosity of the spun 
formulations (see Table I) using a Brookfield viscometer 
at 100 rpm and 30 ºC. (n ≥ 3; all measurements 
reported as Mean±SD). 
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Thermal characterization of these microfibres further 
our understanding about the blend homogeneity. As shown 
in Figure 3, the inf lection point that marks the first de-
rivative of the major weight-loss event, or degradation as 
a function of temperature, varies according to the drug 
loading and, to a lesser extent, the polymeric composi-
tion. For example, placebo formulations that did not have 
HCT have been observed to have one major degradation 
event, an almost 60% loss from its original weight, in the 
range of approximately 200 ºC–300 ºC. However, loading 
of the drug in a composition containing either Zein–arabic 
gum or Zein–xanthan gum combination resulted in early 
decomposition at around 185 ºC, with approximately 25–
40% weigh loss. Overall, it could be plausibly argued that 
addition of the drug decreased thermal stability whereby 
Zein-xanthan gum-based fibres are more stable than Zein–
arabic gum. This could be related to more enhanced ab-
sorption of xanthan gum (anionic) into Zein (cationic) 
structure compared to arabic gum.

Furthermore, modulated temperature DSC was used to 
detect weak transitions, especially the ones which could be 
masked by water desorption by the resultant microfibres. 
The total heat flow signals are shown in Figure 4, where they 
effectively represent the transitions extracted from reversing 
heat f low signals with respect to the glass transition tem-
perature. This could prove proper drying of the studied 
fibres. In Figure 4, HCT was characterized with a melting 
endotherm at around 267.1±0.9 ºC (n = 3), which was des-
ignated the melting peak temperature. HCT, when loaded 
into Zein–arabic gum, produced fibres with a solid solution 

environment in which one glass transition temperature was 
detected at around 27.8±0.9 ºC (n = 3; measured as the mid-
point). This indicates that HCT increased blend homogene-
ity of Zein–arabic gum, which otherwise was characterized 
with two amorphous populations at around 152.3±0.8 ºC 
and 37.1±1.2 ºC (each n = 3; Tgs measured as the mid-point). 
In comparison, Zein–xanthan gum fibres showed an amor-
phous population at around -6±0.6 ºC(n = 3; Tg measured 
as the mid-point) and a melting endotherm at around 
184.2±2.1 ºC measured at the peak temperature, indicating 
crystalline materials. However, once again HCT increased 
the homogeneity of this mixture, and melting point was de-
pressed, though not likely attributed to the crystalline drug. 
In addition, the glass transition temperature was lowered 
to be around -28.9±0.5 ºC, indicating enhanced miscibility.

In the aforementioned view of the morphological features 
and compatibility of the fabricated microfibres, it does make 
sense to align these data with their performance. In-vitro 
dissolution studies conducted at conditions that mimic buc-
cal cavity conditions of approximately 37 ºC and 6.8 pH 
may contribute directly towards their oral applications. As 
shown in Figure 5, three in-vitro dissolution profiles were 
observed. Compared to the crystalline pure drug (i.e., HCT); 
microfibres based on Zein–arabic gum showed superior and 
almost complete drug release within six hours. This indi-
cates that this formulation may enhance apparent solubility 
of HCT. However, this could be attributed to at least three 
aspects of these microfibres. Firstly, the diameter of these 
fibres are the narrowest among the fabricated microfibres, 
with an average of circa 3 μm. This could explain relatively 

Figure 2. Representative scanning electron microscopy images of centrifugal-spun formulations of (A) Zein-arabic gum (ZA)-
based fibres, (B) Zein-xanthan gum (ZX)-based fibres. (C) and (D) show the cross-section appearance of sliced ZA-based 
and ZX-based fibres, respectively, after full immersion in liquid nitrogen. (E) The average diameter of microfibres prepared, 
with composition presented in Table I (n ≥ 20; all measurements reported as Mean±SD). 
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Figure 3. Representative thermogravimetric analysis weight loss profiles of (A) Zein–arabic gum(ZA)-based fibres 
without (solid-line) and with hydrochlorothiazide (HCT) (dashed-line) and (B) Zein–xanthan gum(ZB)-based fibres 
without (solid-line) and with HCT (dashed-line); all heated at 10 ºC/min to 500 ºC. (C) Major weight loss percentage 
as a function of the detected first derivatives with and without HCT.

A

B

C

Figure 4. Representative modulated temperature differential scanning calorimetry total heat flow signals of (A) Zein–
arabic gum (ZA)-based fibres without (placebo) and with hydrochlorothiazide (HCT) (medicated), (B) Zein–xanthan 
gum (ZB)-based fibres without (placebo) and with HCT (medicated), and (C) HCT in standard aluminum pans. The 
underlying scan rate was 1 ºC/min with a modulation amplitude of ±0.21 ºC and a period of 80 seconds.
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faster release compared to circa 5 μm of Zein–xanthan 
gum-based microfibres, which was manifested after four 
hours of the experiment. Secondly, the hollow-like inte-
rior of these fibres may imbibe the dissolution media easily 
into the structure and impart enhanced dissolution of the 
HCT. Thirdly, it is the inherent supersaturation nature of 
the solid solution system detected in the Zein–arabic gum 
composition, which may lead to the improvement of appar-
ent solubility of hydrophobic drugs such as HCT. Though 
the drug seems not to recrystallize over the duration of the 
experiment for 24 hours, further experiments toward non-
sink conditions may be carried out to elucidate the potential 
stability of these microfibres. 

Conclusion
Zein–arabic gum and Zein–xanthan gum microfibres were 
successfully produced using a simple centrifugal spinning 
technique. Modulation of the spinning time as a function of 
the selected composition viscosity was employed at a robust 
investigated speed to produce these fibres. The resulting bio-
polymer platforms were capable of incorporating HCT in 
microfibre web-like structures that had an average diameter 
in the range of approximately 3 μm–5 μm. Thermal proper-
ties of these combinations revealed good miscibility of the 
drug, especially in the Zein–arabic gum platform. The re-
sults suggest that Zein–arabic gum microfibres loaded with 
HCT have the potential to improve the apparent solubility of 

the HCT and to achieve release in a reasonable time, likely 
due to high surface area, porosity, and solid solution struc-
ture. Therefore, it is suggested that it can serve as simple 
yet efficient buccal/oral drug delivery system, which will 
be explored further in the future, with prime focus on its 
physical stability. 
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Figure 5. Comparative in-vitro dissolution profiles of 
hydrochlorothiazide (HCT) as received (open circles-
grey-solid line) and from centrifugal-spun microfibres 
based on Zein–arabic gum (ZA–HCT, solid-black line) 
or based on Zein–xanthan gum (ZX–HCT, dashed-
black line) at the same loading in phosphate buffer 
solution (pH 6.8) at 37.0±0.1 ºC. Each data point 
represents the Mean ±SD of three measurements. See 
Table I for composition.  
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driven approach is fast becoming 

“a cornerstone for future success” 

in biopharma development and 

manufacturing. 

While investing in better 

automation and analytics, 

manufacturers can take advantage 

of modular, pre-validated, and 

pre-tested single-use equipment, 

bioreactors, and chromatography 

systems that include built in 

electronic batch record (EBR) 

and manufacturing execution 

system (MES) functionality. They 

can also take advantage of better 

off-the-shelf modelling programs 

and improvements in single-use 

equipment automation.

Partnerships or acquisitions 

involving equipment vendors and 

process-control and software 

suppliers are helping to drive change. 

Today, all process-equipment vendors 

have allied with leading automation 

and control companies. For instance, 

Cytiva (formerly GE Healthcare 

Life Sciences) has connected its 

FlexFactory single-use platform to a 

Figurate distributed control system 

since 2015. The company has formed 

partnerships with Rockwell, Emerson, 

and Siemens to bring plug-and-play 

automation to upstream bioreactors 

and downstream chromatography 

scaleup for companies that might 

not be able to invest in foundational 

MES or EBR software on an 

enterprise level. “Recently, some 

of the greatest advancements 

have been made in automation for 

single-use technology,” says Kevin 

Seaver, executive general manager 

of Cytiva’s automation and digital 

organization. He recalls the early days 

of single-use equipment development 

at Xcellerex, and working with 

sensor vendors and tubing welders 

on solutions. “Today, we can provide 

Figurate products that have already 

been tested and validated, to allow 

high quality intergraded systems 

to work better together and with 

shorter implementation time to our 

customers,” he adds. 

 “We have made sure that Figurate 

products are connected to platforms 

O ver the past few years, the “4.0” suffix has become widely used 

(and, some might argue, hyped) in the pharmaceutical industry 

and beyond. Reflecting the extension of “Manufacturing 4.0” principles 

to biopharm, Biopharma 4.0 (1) centres around the use of sensors, 

process analytics, and real-time data. It allows integrated networks 

(i.e., the Industrial Internet of Things [IIOT])  to capture, store, and 

analyze information from separate sources, and present it in optimal 

form. This approach facilitates cross-functional collaboration and 

improves overall agility and efficiency. 

The operating systems required already exist. Combined with use 

of cloud computing, artificial intelligence, and technologies such as 

virtual and augmented reality, the principles behind Biopharma 4.0 

are expected to decrease scale-up costs and timelines, improve 

manufacturing efficiency and quality control, and allow more effective 

models to be built for predictive maintenance and training.

Some manufacturers are piloting 4.0 approaches that are already 

yielding benefits for both small-molecule and biopharmaceutical 

operations (2,3). Others are still grappling with “3.0” or even “2.0” 

challenges, and integrating the digital silos and islands of automation 

that remain within their operations. 

For the biopharmaceutical industry, whose processes are more 

complex than those for most small-molecule drugs, adopting 

Biopharma 4.0 principles can help manufacturers address 

“formidable” challenges, says Mark Demesmaeker, head of data 

analytics at Sartorius Stedim Biotech. 

In 2020, Demesmaeker notes, biologics will account for more than 

25% of the pharmaceutical market, at a time when smaller volumes, 

higher product turnover, demands for lower cost of goods sold (COGS), 

improved product quality, and reduced time to market or clinic have 

become the norm. Factoring in the specialized requirements for 

personalized medicines, such as gene and cell therapies, and the 

introduction of more biosimilars, he says, a more data- and analytics-

Agnes Shanley

Skipping Steps to 
BioPharma 4.0
Even though many companies may be at early stages of digital  
automation, more of them are evaluating Biopharma 4.0 tools, and  
leveraging built-in equipment automation to speed scale-up and boost efficiency. 
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Manufacturing

such as Rockwell PlantPAx, Emerson’s 

Delta V and Siemens PCS7,” says Joe 

Makowiecki, enterprise solutions 

director of business development 

at Cytiva. “Using automated 

FlexFactory approaches allows users 

to incorporate EBR or scheduling 

software. This reduces cost, provides 

an audit trail and releases batches 

faster. It also lets them use not only 

manufacturing but materials data.” 

Vendor-agnostic modelling
Another important change has 

been the move to different types of 

modelling, which has become vendor 

agnostic. “This process has become 

more ‘off the shelf,’ with the goal of 

making it easier for end users to scale 

up without having to run extensive 

designs of experiments,” says Seaver. 

Sartorius introduced the third 

generation of its BIOSTAT STR 

single-use bioreactor which runs the 

new Biobrain automation platform, 

designed to enable quick and easy 

system configuration. The system 

features integrated and redundant 

single-use sensors that provide real-

time data to measure and control 

critical process parameters such as 

pH, dissolved oxygen, viable biomass, 

glucose, lactate, and foam. 

“Non-invasive measurements 

save set-up time, prevent interface 

issues, and reduce the need for off-

line manual sampling to enhance 

batch-to-batch consistency,” says 

global consultant Kevin McHugh. 

Users can incorporate feed controls, 

bleed controls, and connectivity to 

Repligen’s XCell ATF cell-retention 

devices to increase cell density and 

productivity, he says. Connection 

to Umetrics SIMCA, meanwhile, 

allows them to harness multivariate 

modelling and control, enabling them 

to predict yield and optimal harvest 

time points at the early stages of the 

perfusion process.

As they explore more off-the-shelf 

solutions, biopharm companies 

are also investing in improved 

analytics and process control, and 

investigating the building blocks of 

Biopharma 4.0. In scale-up, process 

intensification is driving the use of 

more advanced analytics. “About 30% 

of new molecules moving into clinical 

manufacturing will be implementing 

intensified processing in upstream 

or downstream operations,” says 

Andrew Bulpin, head of process 

solutions at MilliporeSigma. As a 

result, most companies realize that 

they need to upgrade their process 

analytics and automation.“Today’s 

processes already produce in excess 

of 1 billion data points per run. With 

the adoption of intensified processing 

technologies with advanced sensor 

technologies and enhanced data 

capture capabilities, the volume of 

data and information gathered per 

batch is exploding,” Bulpin notes, and, 

as a result, advanced analytical tools 

are required to ingest, normalize, 

analyze, and enable decision making 

at high volume and speed.

Currently, every key industry 

organization, from the International 

Society for Pharmaceutical 

Engineers (ISPE) to BioPhorum, has 

a Biopharma 4.0 initiative underway. 

January 2020 marked the official 

start of the Biopharma 4.0 Alliance, 

a partnership between the National 

Institute for Biotechnology Research 

and Training (NIBRT) in Ireland and 

the Boston Consulting Group. The 

alliance is currently working with 

17 different software, control, 

and equipment vendors as well as 

biopharmaceutical manufacturers 

on real-world Biopharma 4.0 use 

cases in upstream and downstream 

processing, quality control, and 

workforce development. “Biopharm 

lags behind the automotive and 

aerospace industries in deploying 

Industry 4.0 approaches for 

development, scale-up, and 

manufacturing,” says Killian O’Driscoll, 

director of projects at NIBRT. Since 

some biopharma manufacturers still 

face siloed data, paper processes, and 

lack of cohesive digitization strategies 

day to day, he says, seeing and using 

concepts via new equipment will be 

key to gaining acceptance. 

NIBRT is making the technologies 

accessible via a new demonstration 

centre (Photo, p. 26), as well as 

through workshops, training, and 

tours. NIBRT is also working with 

Siemens on BIOMAC, the Biopharma 

Mindsphere Application Centre, 

to apply data analytics, and IIOT in 

biopharm operations. 

Biopharma 4.0 in equipment
A number of biopharma equipment 

vendors have introduced products 

that incorporate Biopharm 4.0 

concepts. Sartorius Data Analytics, 

for instance, is launching a modern 

data-science platform for process 

development and data management, 

and to support the trend to open-

source data modelling (e.g., using the 

Python coding language) and hybrid 

modelling, which blends statistical 

and kinetic and metabolic modelling 

techniques, says Demesmaeker. 

MilliporeSigma has launched the 

Bio4C Software Suite, which allows 

users to visualize, analyze, and 

control the entire manufacturing 

process and individual operational 

units, enabling enhanced process 

control and insights, says Bulpin. 

ProcessPad, another recent 

introduction, allows users to acquire, 

aggregate, and analyze data from 

equipment, paper, and electronic 

records, and databases across the 

biomanufacturing facility, to automate 

continuous process verification report 

generation, Bulpin says.  

On the sensor level, MilliporeSigma 

introduced Raman spectroscopy 

sensors and accompanying software 

to provide real-time process analytics 

across multiple critical process 

parameters via in-line measurement. 

Sartorius also rolled out its BioPAT 

Spectro sensor platform, which 

allows end users to integrate Raman 

spectroscopy into ambr 15 and 250 

development platforms as well as 

BIOSTAT STR development, pilot, and 

production systems, says McHugh.
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A risk-based approach
Recent regulatory guidances, 

particularly those from FDA and 

MHRA, place considerable emphasis 

on the implementation of risk-based 

approaches to ensuring data integrity. 

For example, the FDA guidance 

explicitly notes that CGMP regulations 

and guidance allow for “flexible and 

risk-based strategies” to prevent 

and detect failures to ensure data 

integrity. In similar spirit, the MHRA 

guidance describes a risk-based 

approach to data management that 

includes the assessment of “data risk, 

criticality, and lifecycle.”

The MHRA guidance spells out how 

to perform a risk assessment specific 

to a particular data acquisition and 

processing system, suggesting that all 

processes that produce data or from 

which data are obtained be mapped 

out so that each of the formats is 

identified. The objective is to identify 

controls, the criticality of the data, 

and the inherent risks involved with 

each of them.

Assessing the risk of lack of data 

integrity is seen as driving compliance 

and, if necessary, remediation. For 

example, while audit trail review 

is often considered an essential 

part of ensuring data integrity, the 

same guidance clarifies that risk 

assessment should determine a 

documented audit trail review as part 

of routine data review.

Given the complexity of audit 

trails for any electronic system, 

practitioners generally prefer to 

implement technical controls that will 

reduce or eliminate the need for audit 

trail review. Generally, however, when 

technically feasible, the goal must be 

to prevent a data-integrity failure. 

 In cases where this is not 

technically feasible, data collection 

and review is required to demonstrate 

that data integrity has been 

maintained. In rare cases, in which an 

action can neither be prevented nor 

detected, a procedural control may (in 

some limited cases) be appropriate.

Any step taken to mitigate a data 

integrity risk should be assessed to 

determine its appropriateness in the 

I n 2014 through 2016, inspections of pharmaceutical facilities 

revealed a pattern of repeated failure to follow data integrity 

requirements established in the current good manufacturing 

practices’ (CGMP’s) predicate rules and regulations in 21 US Code of 

Federal Regulations (CFR) 211 (1) and other international regulations. 

Global regulators took a number of enforcement actions against 

manufacturers. Since that time, data integrity, particularly for 

electronic data, has become an area of increased regulatory focus 

in the pharmaceutical industry. In March 2018, the UK’s Medicines 

& Healthcare Products Regulatory Agency (MHRA) issued guidance 

and definitions on this topic (2), and the United States Food and Drug 

Administration (FDA)published guidance the following December, in 

the form of Questions and Answers (3). These documents followed 

guidances issued by the World Health Organization (4) and the 

Pharmaceutical Inspection Convention/Pharmaceutical Inspection 

Co-operation Scheme (PIC/PICS) (5). 

A working group of the International Consortium for Innovation 

and Quality in Pharmaceutical Development (IQ) has developed a 

risk-assessment tool to help professionals working in pharmaceutical 

research and development assess data-integrity risks associated 

with stand alone (i.e., non-enterprise) computerized analytical data 

acquisition and processing software. It is meant to be used with 

systems that generate data kept in non-transient data storage. It 

would not, for example, be used for transient data storage (e.g., for 

non-computerized pH meters and the like). Its developers expect this 

tool to help harmonize the process for performing data-integrity risk 

assessments across the pharmaceutical R&D analytical community. 

They also hope that the new risk-assessment tool will promote 

standardization and harmonization, allowing instrument and software 

vendors who sell into the pharmaceutical R&D analytical marketplace 

to better understand the sector’s expectations and to meet the needs 

of their customers. This article will describe the tool in greater depth.
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lippke@pfizer.com, and 

Joseph Mongillo both 
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and development at Pfizer, 

Inc. (Groton, CT); Thomas 
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(North Chicago, IL); Katria 

Harasewych and Zahid 

Muhammad both work in 

quality at Merck & Co., Inc., 

(Kenilworth, NJ and West 

Point, PA respectively); 

John Bennett works 

in quality at Boehringer 

Ingelheim Pharmaceuticals 

Inc. (Ridgefield, CT). 

*To whom all correspondence 
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Assessing Data 
Integrity Risks in 
an R&D Environment
A data-integrity risk assessment tool has been developed  
for use with standalone R&D data-acquisition and processing software. 
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context of the criticality of the gap 

between desired and actual practice. 

The MHRA defines critical risks as 

those that would potentially allow data 

or metadata to be “deleted, amended, 

or excluded without authorization.” 

FDA’s guidance echoes this emphasis, 

highlighting the importance of data 

integrity throughout the CGMP data 

life cycle, from creation, through 

modification, processing, maintenance, 

archival, on through retrieval, 

transmission, and disposition after the 

period required for data retention ends.

Discussion of the tool
The risk-assessment tool is divided into 

a number of sections, each of which is 

briefly discussed below. 

System control and access. This 

section contains a set of questions 

that deal with access controls for 

users, administrators, and others. It 

describes expectations related to the 

implementation of different access 

levels and varying permissions. In 

situations where it is necessary to 

assign system administrator access to 

lab personnel, appropriate justification 

should be provided (e.g., ensuring that 

technical and procedural controls are 

in place to prevent the modification 

or deletion of files and settings). Time 

and date stamps and time zones 

are also discussed, as are steps that 

can be taken for the prevention of 

unauthorized access.

Data protection, controls, and 

regulatory compliance. The focus 

of the data protection, controls and 

compliance section is on restricting 

the ability to delete or modify data. It 

also defines and discusses true copies 

of data and encourages the definition 

of the complete data (raw file, process 

file, etc.), including storage location, 

system configuration and data flow.

Audit trails, metadata, and 

data review. The questions in this 

section focus on the completeness 

and appropriateness of audit trails, 

and the required review of data and 

metadata.  FDA defines an audit trail 

as a secure, computer-generated, 

and time-stamped electronic record 

that allows the course of events 

leading to a data-integrity failure 

(e.g., the creation, modification, or 

deletion of an electronic record) to 

be documented and analyzed. FDA 

guidance uses a high-performance 

liquid chromatography (HPLC) run as 

an example, stating that the audit 

trail should include the  user name, 

date/time of the run, the integration 

parameters used, and any reprocessing 

details. It also states that the 

system audit trail, including system 

administrator actions, should be 

periodically reviewed.

Archival, retrieval, back-up, 

disaster recovery, and contingency 

plans.The questions in this section 

focus on ensuring that electronic 

data are enduring, complete, and 

secure from modification or loss. The 

electronic data (including associated 

metadata) should be in the original 

format or in a format that is compatible 

with the original format.

Electronic signatures. The 

questions in this section focus 

on the use (where necessary) of 

electronic signatures, which should 

ensure attributability to the specific 

person who signed the document 

electronically.

Using the template
The risk-assessment tool consists 

of a summary, followed by a tabular 

presentation as depicted in Figure 1. 

The entire tool is available on the IQ 

Consortium web site (6). 

The expected responses to 

be filled into these sections are 

described below. The summary 

section should contain an overall 

evaluation of the acceptability 

(from a data integrity standpoint) 

of the system under study. This 

evaluation should take into account 

any mitigations and interim actions 

identified in the risk assessment.

In addition, users may find it 

convenient to describe (in general 

terms) the configuration of the system, 

including the data storage location 

and any data safeguards that are 

Figure 1. A brief excerpt from the data-integrity tool. 

Contin. on page 41
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integrity and consistency will remain 

critical, as one cannot sterilize the 

final drug product. Ensuring batch-to-

batch consistency and sterility of raw 

and ancillary materials is paramount 

for ensuring the production of a 

safe, efficacious, and cost-effective 

advanced therapy.”

As a result of the critical nature of 

raw and ancillary materials in ATMP 

manufacturing, a secure supply chain 

is imperative, notes Leistler. “A delay 

in delivery or change in product quality 

could lead to delays in production, 

not only increasing costs but also 

putting precious patient samples 

in jeopardy,” he says. “Because the 

global demand for high-quality good 

manufacturing practice (GMP) raw and 

ancillary materials is rapidly growing, 

as more promising cell therapies 

approach market authorization and 

commercialization, a reliance on well 

prepared suppliers and negotiation on 

supply agreements for critical raw and 

ancillary materials are recommended.”

Regulatory challenges
Regulatory guidance documents for raw 

and ancillary materials are, essentially, 

recommendations rather than 

guidelines. “All current regulations and 

guidance documents assign ultimate 

responsibility for quality and suitability 

of the raw and ancillary materials 

to the user (cell and gene therapy 

[CGT] manufacturer),” adds Leistler. 

“Therefore, the CGT manufacturers 

need to work in close cooperation with 

their supplier to get support.”

As a result of the onus for quality 

and suitability of raw and ancillary 

materials being placed on the therapy 

manufacturer, most decide to perform 

identity and purity testing as control 

tests, asserts Leistler. “Potency testing 

for raw and ancillary materials is more 

difficult, especially as there is a large 

variability and poor comparability of the 

available biological assays,” he says.

“Standardization of raw and ancillary 

materials testing is required, and 

reference materials may be needed 

in some cases,” confirms Zylberberg. 

“Both elements, standardization and 

reference materials, will bring much 

T  he global cell and gene therapy market is predicted to grow 

significantly by 2024, according to market research (1). Drivers for this 

growth include an increasing prevalence of chronic diseases, expansion 

in available clinical evidence proving efficacy and safety, new product 

launches, regulatory favour, and enhanced manufacturing expertise (1).

The manufacture of cell and gene therapies and advanced therapeutic 

medicinal products (ATMPs), however, is particularly sensitive and requires 

a comprehensive understanding of all the materials used. “The quality, 

safety, and efficacy of cell therapies and ATMPs are critically influenced 

by the raw and ancillary materials used in the manufacturing process,” 

explains Bernd Leistler, vice-president production, CellGenix. “Successful 

cell therapy manufacturing is therefore dependent on the use of high 

quality raw and ancillary materials.”

Essential components
“The terms ‘raw material’ and ‘ancillary material’ have been used 

interchangeably in different geographies, but they refer to different 

classes of starting materials—including cells, recombinant proteins, 

and growth media, among others—used in the development and 

manufacture of advanced therapies,” says Claudia Zylberberg, CEO of 

Akron Biotechnology. 

According to the International Council for Harmonization of Technical 

Requirements for Pharmaceuticals for Human Use (ICH) Q7 guidance, 

raw materials are starting materials, reagents, and solvents that are 

used in either the production of an intermediate or an API (2). Whereas, 

ancillary materials are defined by the United States Pharmacopeia (USP) as 

reagents and materials used in the manufacturing process of ATMPs that 

are not present in the final product (3).

“The process of manufacturing an advanced therapy is a complex train 

of unit operations, many of which are just now beginning to be bundled 

into closed systems,” continues Zylberberg. “Regardless of how far down 

the path of system closure and automation we go, starting material 

Felicity Thomas

Regulating Raw  
Materials Testing
Efforts are already underway to harmonize standards and regulatory approaches 
for testing of raw and ancillary materials, but continuous improvement is required.
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needed regulatory harmonization and 

expected consistency.”

Additionally, geographical 

discrepancies can make regulatory 

considerations more complex. “Each 

region has its own regulatory agencies 

that view cell and gene products and 

ATMPs under different lenses,” states 

Zylberberg. “The harmonization that 

we have seen in the biopharmaceutical 

world through ICH has yet to emerge 

for the advanced therapy industry.” 

Nevertheless, Zylberberg remarks 

that efforts to harmonize standards, 

especially those around raw and 

ancillary materials, are gaining 

momentum. “These efforts are being 

pursued through pharmacopoeia 

(principally US, European Union, and 

Japan) as well as the International 

Organization for Standardization 

(ISO), which uses a consensus-

based approach, and other 

supranational entities,” she says. 

“The Standards Coordinating Body 

(SCB) for Regenerative Medicine (4) 

has been coordinating these efforts 

within different standard setting 

organizations globally to ensure that 

different aspects of the industry and 

the manufacture of these ATMPs 

can be covered appropriately.” 

Some of the latest work being 

performed by SCB includes efforts 

into the standardization of tissue 

engineering terms (4).

In concurrence, Leistler emphasizes 

that various initiatives are being 

witnessed regarding the harmonization 

of regulatory guidelines for raw and 

ancillary materials. “ISO issued the first 

global guidance for raw and ancillary 

materials suppliers and users—ISO 

Technical Standard 20399 (5)—which 

has currently been processed into an 

ISO standard to improve global reach 

and acceptance,” he confirms.

Another initiative has involved the 

Alliance for Regenerative Medicine 

(ARM), which approached the 

European Directorate for the Quality 

of Medicines (EDQM) about the 

possibility of setting up a certification 

scheme for raw materials according 

to European Pharmacopoeia (Ph. Eur. 

5.2.12) (6), adds Leistler. “This initiative 

is of critical importance because 

compliance to this general chapter is 

already demanded by regulators,” he 

says. “Hence, a certification scheme 

would ease the regulatory burden for 

CGT manufacturers.”

Furthermore, the European 

Medicines Agency (EMA) is evaluating 

the possibility of introducing a master 

file system, continues Leistler. “Drug 

master files (DMF) for raw materials 

are currently only available in the US 

and Japan,” he notes.  

Cost of  
regulatory discrepancies
The global pharmacopoeias 

have different structures and 

procedures, which can lead to 

compendial variances regarding 

testing requirements for critical raw 

materials, asserts Leistler. “This can 

be prohibitive on the path towards 

global compliance and global 

availability of a new CGT,” he says. 

“Therefore, raw materials and ancillary 

materials should be chosen for which 

all global regulatory expectations 

have been considered in their set 

of quality parameters and release 

specifications.”

Further explaining the discrepancies 

facing advanced therapy 

manufacturers, Zylberberg raised 

the example of ancillary materials 

derived from human plasma, which 

are subject to different regulatory 

testing requirements depending on 

the geographic region in which they 

are being used. “The need to adjust 

testing to match requirements set by 

several different competent authorities 

raises costs and increases complexity 

for manufacturers,” she states. 

“Employing GMP-compliant ancillary 

materials saves advanced therapy 

developers time and money because 

batch-to-batch consistency allows 

for greater planning and simplifies 

manufacturing. Nonclinical-grade 

material may lack batch-to-batch 

consistency and the safety profile 

necessary once a developer enters the 

clinic, raising costs and increasing risk.”

Additionally, if the choice of 

appropriate raw and ancillary materials 

is made at a late stage of clinical 

development, costs can be significantly 

impacted, confirms Leistler. “This cost 

increase is primarily driven by the need 

to perform time-consuming clinical 

comparability studies to prove the 

raw material changes do not alter the 

final cell therapy product. This [step] 

is mandatory at a late stage in clinical 

development,” he stresses.

Continuous improvements
As the market demands increase 

for advanced therapies, raw and 

ancillary materials must also be areas 

of continuous improvement, where 

further compliance and increased 

regulatory requirements will come 

into force as a result of the fact that 

ATMPs cannot be sterilized, asserts 

Zylberberg. “The cost associated with 

raw and ancillary materials and the 

improvements suppliers may make 

could easily be absorbed by creating 

more transparent relationships 

between sponsors and suppliers,” 

she says.

“Each group of raw materials has its 

own challenges and hurdles and it is 

important to understand and address 

those as the industry matures,” 

concludes Zylberberg. “The regulatory 

agencies creating a framework around 

them will help the manufacturing of 

ancillary materials to always be ahead 

of the curve.” 
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For security of medicines supply 

from a manufacturing standpoint, 

vertical integration is a proven 

successful strategy. By vertically 

integrating all the aspects of the 

pharmaceutical value chain, it is 

possible to deliver high quality 

medicines to patients, fast, 

economically, and reliably.

As well as considering where 

the materials and manufacturing 

infrastructure is located, it is also 

important to consider where the 

workforce is.

Closing the labour gap 
In many areas of manufacturing in 

the United Kingdom and Europe, 

there is a workforce gap, ranging 

from the people on the frontline 

of manufacturing through to R&D 

and compliance functions in quality 

assurance (QA), qualified person 

(QP), and regulatory. As these skills 

transferred to Asia, Europe was 

afforded with an opportunity to 

re-establish itself higher up the value 

chain in discovery, and new and 

exciting roles spanning identification 

of disease, biologics, personalization 

of medicines, and diagnostics were 

unlocked. Yet it has also been a 

significant loss when it comes to 

reinvigorating Europe’s traditional 

manufacturing capabilities during this 

crisis and as we look ahead to the 

future post-COVID-19.

Historically, Asia has been able to 

be competitive due to low-cost labour 

that has powered cheap production of 

its infrastructure and equipment. As 

inflation increases in India and China, 

in turn increasing workforce wages, 

that cost gap is slowly closing.

Not only is rising workforce 

cost in Asia having an impact on 

the attractiveness of Europe for 

manufacturing investment, but 

advances in technology, such as 

robotics, have had a positive effect 

on competition between the two 

continents by reducing the need for 

such large workforces. 

Productivity has always been a 

focus of manufacturing equipment 

development, but one of the biggest 

A s countries went into lockdown and borders closed from 

March 2020 because of the COVID-19 pandemic, Europe’s 

window to bring critical APIs from Asia to Europe to manufacture 

essential medicines narrowed rapidly. The pandemic has brought 

the European domestic manufacturing capabilities into sharp focus, 

and the question becomes, can Europe compete with Asia? The 

answer is yes and increasingly so, if industry takes important lessons 

learned from COVID-19 forward when this pandemic is over. 

Sole versus multi sourcing
During the past 30 years, pharmaceutical manufacturing has been 

moved out of Europe and into Asia. COVID-19 has exposed the flaws 

in relying so heavily on a market so geographically far from our own, 

but is sole sourcing the solution as political leaders hurriedly review 

the gaps in their domestic supply? 

Sole sourcing offers a guaranteed, national supply of the 

treatment manufactured in its local country, which is especially 

valuable in times like this when importing is heavily disrupted. 

However, governments open themselves up to other risks by limiting 

production to their own countries. It is neither quick to establish nor 

quick to fix when things go wrong.

Dual, or multi, sourcing is therefore the best strategic solution. It 

is integral to look at the total supply chain when seeking resilience 

and integrity of the supply of medicines—not just the location of a 

manufacturing plant, which is after all, only one small part of the 

whole process of sourcing medicines. Where do the APIs come from? 

Some can be sourced from Western Europe, but many are imported 

from abroad. Where are the raw materials for the API? What about 

access to critical delivery materials, such as vials and prefilled 

syringes? These are the questions the industry has had to ask itself 

to produce each of its medicines to ensure consistent supply across 

Europe during the pandemic.

Tony Cordrey is 

vice-president of European 

Strategic Operations, 

Accord Healthcare.

Reinvesting in  
European Manufacturing
COVID-19 has brought to light the issues of European  
manufacturing capabilities, leading industry to question  
whether it is now time to reinvest in domestic medicines supply.
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and most profitable challenges 

to address is production line 

changeover—managing the cost of 

complexity. In the generics industry, 

each company typically manufactures 

a broad range of products for a 

variety of markets. Each of these 

markets have different requirements 

for packaging size, language, and 

product administration. Changeovers 

and cleaning of the machines requires 

time and labour, which can add up 

to a lot of cost and lead to many 

companies driving lean programmes 

to remain competitive.

New technologies have helped 

companies in Western Europe 

to changeover machines faster, 

thus reducing competition with 

Asia. As quality and standards of 

manufacturing have improved globally, 

with regulatory review processes to 

match, Asia has even begun to turn 

to European suppliers for some of its 

equipment and technology, rather 

than using its own.

COVID-19 has been a driver of 

technological innovation across 

multiple industries. When its effects 

on the industry are eventually 

reviewed, it will hopefully be seen as 

the catalyst for positive and necessary 

long-term changes that facilitate 

a more competitive Europe in the 

manufacturing space.

Thinking outside  
the box… literally
When considering how we 

successfully bring a larger proportion 

of pharmaceutical manufacturing 

‘back’ to Europe, it is necessary 

to review the way medicines are 

delivered to patients and to adopt 

digital platforms and technology to 

make companies more compliant and 

competitive in the marketplace. While 

it is still possible to make the same 

products as were made 20 years ago, 

it should be done better today. 

For example, it would be hugely 

advantageous for the European market 

to have a ‘pan-European’ product 

pack, to minimize changeovers 

and potential compliance issues 

with errors in packaging materials. 

Abolishing the need for a hard copy 

patient information leaflet (PIL) to be 

placed inside each pack and, instead, 

making use of the unique digital codes 

on each box to link to a digital version 

of the PIL that patients could access 

from home or via a pharmacy could 

be transformative for manufacturing 

efficiencies. Country language and 

identity can then remain by the use 

of the ‘ePIL ‘, which can easily be 

updated while providing a standard 

uniform pack. There is enormous 

waste, not only generating PILs, but 

the destruction thereof of expired 

PILs due to regulatory changes. 

The paper PIL is a yester-year tool, 

today, information needs to be made 

available immediately.

What does the implementation of 

such innovations require? Movement 

by national authorities and regulatory 

boards to allow manufacturing to be 

more flexible, without compromising 

on safety—everyone’s primary focus.

Collaborating  
through COVID-19
During COVID-19, companies, such as 

Accord Healthcare, have been working 

closely with health authorities and 

industry bodies, such as Medicines for 

Europe, across the European Union 

to find practical solutions that ensure 

the speed of supply of vital medicines, 

by agreeing unusually fast turnaround 

times for normal regulatory 

requirements, contracts, and licenses. 

Switching to digital instead of hard 

copy permissions for the movement 

of critical medicines under emergency 

laws during the pandemic is one 

example of a small win that has 

had a major impact for hundreds of 

thousands of people across Europe. 

One of the biggest positives to 

come out of this experience has 

been proof of how Accord, and other 

industry partners, have been able to 

work collaboratively with a wide range 

of pan-European and in-country health 

authorities to systematically remove 

the European COVID-19 lockdown 

roadblocks to ensure consistent 

supply of vital, life-saving medicines 

across Europe.

Another silver lining to be seen from 

this catastrophic episode in our living 

history is a reminder of the impact of 

industry on the environment.

Placing a cost on carbon
COVID-19 has changed the way we 

think about the transport of goods, 

with Europe being hugely reliant on 

aeroplane and sea shipments from 

Asia. Most medicines and healthcare 

products when shipped by air were 

flown by using the cargo of passenger 

airlines. Air and sea logistics have 

had a significant setback, and it will 

take a long time to get to the same 

levels as before and this should be 

seen as an opportunity to review the 

impact that transportation is having on 

the environment. 

Air shipment costs have increased 

four-fold, which were already 10 times 

more costly than sea shipments (based 

on internal costs). With increased 

costs of importing from Asia, it is 

advantageous to look at ways in which 

more of the manufacturing supply 

chain can be brought to Europe, as 

well as reducing the environmental 

impact of transporting goods halfway 

around the world. Pollution in India has 

dropped to a record low because of 

mass factory closures due to COVID-19 

(1,2). Lowering the carbon footprint of 

medicines has an inherent global value 

that is not currently captured in the 

cost of manufacturing. 

A strategy that weighs 

environmental costs with direct 

costs is, therefore, most likely to 

be sustainable in the long-term. No 

longer is NIMBY [not in my back yard] a 

solution to offshore—the environment 

is now everyone’s yard to take care of, 

relocating doesn’t remove the problem. 

However, understand that Asia has 

played a fantastic role giving access to 

cost competitive medicines, but the 

over reliance and dependency needs 

to be rebalanced beyond just the price 

of a pill. 

Developing a European 
manufacturing strategy 
Furthermore, a strong manufacturing 

strategy must consider what is 
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have the opportunity more than 

ever to rebalance generics and 

pharmaceutical manufacturing 

in Europe. It should never be to 

the exclusion or replacement of 

Asian manufacturing, but a more 

conjoined approach than the current 

polar dependent situation we find 

ourselves in. There are unfortunately 

still too many patients who do not 

have access to medicines today, so 

rather than continue as we are, there 

is an opportunity to rethink how we 

can best serve the global patient 

population. 

Encouraging Asia to diversify and 

invest in Europe may be somewhat 

contentious in this climate, but it’s 

another option, alongside European 

investment. However, there will be 

new rules to play by, new rules that 

will reward supply beyond just price, 

but service, continuity, environmental 

benefits, reduced carbon footprints, 

and so on, through institutional/

governmental incentivization that 

goes beyond cost but to value.
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important to Europe and local 

countries within the region. For 

Accord, in the COVID-19 pandemic, the 

strategy involved identifying medicines 

that could potentially be repurposed 

and fast-tracked through clinical trials 

in the battle against COVID-19, as 

well as predicting demand for critical 

intensive care medicines (e.g., for 

people on ventilators) and rapidly 

adapting the business operations to 

ensure there were provisions for these 

medicines across the continent. 

Now, the strategy is being built upon 

to identify the optimal technologies to 

invest in for the future as well as the 

product groups that best meet patient 

needs. Bringing these two elements 

together is the key to competing in 

the marketplace and making Europe 

a suitable hub for manufacturing, 

notwithstanding understanding where 

API and critical components come 

from. Additionally, using geographical 

multi-sourcing to provide a resilient 

supply chain, because a single source 

will always be its weakest link no 

matter where it is sited. 

Avoiding the trap  
of nationalization
In May 2020, President Trump 

announced that he was beginning 

the repatriation of generics 

manufacturing to the United States, 

feeding into existing and prompting 

further discussion around the 

potential merit of nationalizing the 

medicine supply (3). 

Moving manufacturing close 

to the customer and establishing 

close working relationships with 

local healthcare systems has clear 

benefits for all. However, an important 

lesson from COVID-19 is that having a 

unilateral or nationalistic approach is 

not good for patients. No one company 

or country can produce everything that 

is needed and in the case of generics, 

produce the range of generic medicines 

for the same condition that provides 

choice to clinicians to personalize 

care. Only together can we find better 

ways of servicing all of the patients 

that need to be served across Europe 

and beyond. 

The freedom to be able to operate 

and supply to other markets is 

critical to make manufacturing in 

Europe a worthwhile investment for 

private companies. Governments 

should aim to invest in continuity, 

rather than ownership of generics 

manufacturing.

Conclusion
The question, therefore, isn’t ‘can 

more medicines manufacturing be 

done in Europe?’, but the age-old 

problem of ‘who is going to pay for 

it?’ Despite the closing gap, European 

manufacture is still likely to be 

more expensive than Asian, which 

means industry needs governmental 

mechanisms in place to allow 

competition to occur on a more even 

playing field. Companies should 

not be penalized by having to incur 

higher costs in Europe compared 

to providing lower costs through 

outsourcing to Asia, especially when 

the hidden environmental cost is 

considered and the fragility of long 

supply chains.

The real solutions to COVID-19 are 

likely to come from the life-sciences 

sector and hopefully that will have a 

positive impact on the way society 

and authorities value medicines; 

as more than just a commodity 

to be made as economically as 

possible using the cheapest labour, 

but as a precious resource, whose 

manufacture should be more evenly 

distributed across the world.

Digitalization has been proven 

to be essential to maintaining 

business operations during COVID-19. 

Embracing technology helps to 

drive progress and that applies to 

manufacturing as well. Building a 

digital manufacturing strategy should 

be a future focus of businesses post-

pandemic and may hold the key to 

transforming the remaining labour-

intensive processes that continue to 

give Asia and its lower cost workforce 

the competitive edge over Europe.

COVID-19 exposed the 

weaknesses in our existing 

system, but in finding solutions in 

this pressured environment, we 

Catalent . . . . . . . . . . . . . . . . . . . . .36, 44

Eurofins BioPharma  

Product Testing . . . . . . . . . . . . . . . .37

Ligand . . . . . . . . . . . . . . . . . . . . . . . . . .17

Nanoform . . . . . . . . . . . . . . . . . . . . .2, 38

Shimadzu Europa GmbH  . . . . . . .39, 43

Veltek Associates, Inc. . . . . . . . . . . 7, 40

Ad Index
COMPANY PAGE



36    Pharmaceutical Technology Europe AUGUST 2020  PharmTech.com

INDUSTRY OU
TL

OO
K

 OU
TL

OO
K

S P O N S O R E D  CO N T E N T

N
A

TA
L

IA
 K

L
E

N
O

V
A

 -
 S

T
O

C
K

.A
D

O
B

E
.C

O
M

 Company Name : Catalent
 Phone : +1 888 765 8846 (US)  
    00800 88 55 6178 (EU/ROW)         
 Email : solutions@catalent.com
 Website : www.catalent.com   

Catalent

MEETING THE CHALLENGES 
TO SUPPORT RAPID 
COVID-19 RESPONSE 

The COVID-19 pandemic has seen demand for Catalent’s 
expertise and services increase sharply, and to date, the 
company is working with over 40 customers on multiple 
programmes. Catalent’s proactive investment across 
its global network of facilities and new technologies in 
areas of next-generation therapies has meant that it has 
the capacity and capabilities to meet the challenges in 
response to industry demand.

During the last three months, Catalent announced investment to increase capacity in its sterile 
injectable fill/finish services, but before the pandemic, its European sites in Brussels, Belgium, Limoges, 
France, and Anagni, Italy had large, commercial-scale capabilities in this area to supply billions of doses 
each year. The site in Anagni specializes in technical transfers and successful commercial product 
launches, along with comprehensive primary and secondary packaging solutions for vials. Following its 
acquisition in January 2020, Catalent announced plans to make further investments in the site’s growth, 
and is providing filling and packaging capacity to AstraZeneca and preparing for large-scale commercial 
supply of the University of Oxford’s COVID-19 vaccine candidate.

In January 2019, Catalent announced that it had commenced a US $200 million capital investment in 
its biologics business to expand drug substance manufacturing and drug product fill/finish capacity at 
its manufacturing sites in Madison, Wisconsin and Bloomington, Indiana. The Bloomington expansion 
includes a high-speed vial filling line and syringe filling line, and complements a project which added five 
new packaging suites completed earlier in 2020. The latest expansion has been accelerated to provide 
vial filling capacity for the anticipated demand of Johnson & Johnson’s COVID-19 vaccine to meet 
operational readiness and round the clock manufacturing schedules by January 2021. At Madison, 
mammalian cell culture capacity will be increased with two new suites, each with a 2 x 2000 litre single-
use bioreactor system, providing additional clinical and commercial production capacity.

Aside from the injectable fill/finish-based programmes, Catalent is engaged with customers on a 
variety of other COVID-19 related projects across its global network including Arcturus Therapeutics’ 
mRNA-based COVID-19 vaccine, an orally-dosed drug with Ennaid Therapeutics, and a gene therapy 
collaboration with Massachusetts Eye and Ear.

To meet the demands of these COVID-19 projects, flexibility and speed have come to the fore. New 
ways of approaching partnerships have led to expediting of projects at previously unattainable speeds, 
whilst meeting the industry’s regulatory requirements. Clear communication and management is key to 
meeting these ambitious but important timelines to help people suffering from the coronavirus.

ABOUT CATALENT
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.

CATALENT

https://www.catalent.com
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EUROFINS BIOPHARMA PRODUCT TESTING

Eurofins BioPharma Product Testing

CELL & GENE THERAPY INNOVATIONS

There is no doubt that emerging new cell and gene therapies have taken the industry by storm. As 
a CRO, we have a unique perspective on this trend. Where we once saw small biotech popping up 
in various phases of development in this field, we now see Big Pharma stepping in with all of their 
experience and influence.

Viral vectors used for gene and cell therapy, as well as the raw materials used to manufacture 
these advanced therapies, are all subject to testing either for quality control (QC) or characterization 
to ensure product quality and performance. Manufacturing process consistency is mainly controlled 
by (1) raw material and reagent qualification programmes, (2) in-process monitoring, (3) in-process 
control testing, (4) lot release tests, (5) traceability through use of chain-of-identity systems, and (6) 
validation of the manufacturing process.

Within the advanced therapy space, Eurofins has a history of offering current good manufacturing 
practice (CGMP)-compliant QC testing to support the full chemistry, manufacturing, and controls (CMC) 
process. Available test methods ensure the identity, potency, purity, and safety of starting materials, 
intermediate products, vectors, and final drug products, as well as support for manufacturing process 
development and validation. This includes cell and viral bank services, viral clearance services, and 
raw materials, lot release, and bulk and finished product testing. 

Eurofins BioPharma Product Testing has invested across its campus to meet the growing industry 
demands. Facility investments include an additional 168,000 ft2 building in 2019, which brings the 
overall campus to ½ million ft2, and has dedicated some of the new space specifically to cell and gene 
therapy clients. Laboratories have been updated to accommodate biosafety level-2 (BSL2) work to 
maximize space utilization and to optimize workflows. 

Within the Biopharma Biologics Testing group, we have recently added analytical ultracentrifugation 
to support regulatory expectations around empty/full capsid analysis and digital droplet PCR for more 
precise quantitation of viral particles. Eurofins has also invested in technology to allow rapid sterility testing 
requirements for autologous cell therapies utilizing the BioMerieux BacT/Alert 3D rapid sterility system. 
With faster, more accurate detection, we are able to help clients reduce the financial and operational 

impact of a contamination event by 
initiating investigations and corrective 
action early in the process.

ABOUT EUROFINS BIOPHARMA 
PRODUCT TESTING
Eurofins BioPharma Product Testing 
offers CMC Testing Services for 
the bio/pharmaceutical industry 
through our technical expertise in 
biochemistry, molecular/cell biology, 
virology, chemistry, and microbiology.

 Company Name : Eurofins BioPharma Product Testing
 Phone : +1 717-656-2300
 Email : pha@eurofinsus.com 
 Website :  www.Eurofins.com/BPT

https://www.eurofins.com/BPT
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 Company Name : Nanoform
 Phone : +358 29 370 0150
 Email : info@nanoform.com
 Website : https://nanoform.com/en/

Nanoform

NANOFORM: PAVING THE WAY 
FOR TOMORROW’S MEDICINES  
Before new medicines can reach the patients who need 
them, there is a huge amount of R&D that takes place 
to ensure drug safety and efficacy. From preliminary 
drug discovery research to drug development and 
progression through clinical trials, before finally 
reaching the market, the release of a novel therapy 
is the culmination of often upwards of 10 years’ hard 
work.

In spite of the extraordinary efforts and the 
significant financial investment behind every drug 
candidate, only a small fraction will ever make it 
through clinical trials—less than 10%. A major reason 
for this is poor solubility and bioavailability of drug candidates. More than 40% of new chemical 
entities (NCEs) developed in the pharmaceutical industry exhibit poor aqueous solubility, and this 
issue is compounded by a trend towards more complex, hydrophobic molecules.

CREATING A PATHWAY FOR NEW DRUG CANDIDATES 
There is a great need for innovative technologies that can improve the success rate for new drug 
candidates and pave the way for novel therapies to reach the market. Recent advances in nanoparticle 
engineering technology promise to accomplish precisely this. By increasing the surface area of drug 
compounds, solubility and bioavailability can be greatly improved. Another key benefit offered by 
nanoparticle engineering is a lowering of the dose required for therapeutic effect, which drives down 
manufacturing costs and waste. 

Nanoform’s Controlled Expansion of Supercritical Fluids (CESS®) nanoparticle engineering 
technology creates uniform nanoparticles from solution through a ‘bottom-up’ recrystallization 
technique. Using this method, it is possible to create nanoparticles less than 200 nm in size, and 
on occasion as small as 10 nm. This is a major breakthrough. By decreasing particle size—and, by 
extension, increasing solubility and bioavailability—to this extent, the technology not only promises to 
enhance new therapies, but also opens up the possibility that novel drugs previously discarded due 
to solubility issues can be revisited. 

LAYING THE GROUNDWORK FOR THE FUTURE
In recognition of the power of Nanoform’s technology, the company has recently acquired good 
manufacturing practice status to manufacture an investigational drug for use in human trials. To further 
propel its technology forward, Nanoform has also undergone a highly successful initial public offering 
in Sweden and Finland, during which company shares were oversubscribed. Nanoform’s launch as a 
public limited company resulted in a further €80 million in investment. Building on this strong foundation, 
Nanoform can now look forward to supporting an increasing number of drug development projects and 
to helping patients globally gain access to life-changing therapies more rapidly.

ABOUT NANOFORM
Nanoform is an innovative nanoparticle medicine enabling company that works to reduce attrition in 
clinical trials by enhancing drug candidate performance through its nanoformingTM services.

NANOFORM

https://nanoform.com/en/
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Shimadzu Europa GmbH

UNIQUE AND READY-TO-USE  
TOOLS FOR SPECIALLY DESIGNED MEDICATION

New emerging virus infections and pandemics underline the growing importance of new 
biopharmaceutical drug development. For a targeted therapy or even healing of a virus infection, 
classic small organic molecules are not useful or simply ineffective. This means that specially designed 
medication is necessary. 

Analysis and quality control of biopharmaceuticals is challenging: Relatively large molecules need 
to be characterized. Highly sensitive and high-resolution mass-spectrometry is one of the suitable 
techniques beside MALDI-TOF-MS. 

With the MALDImini-1, Shimadzu provides a new type of instrument with a unique technology. 
Through the ‘Digital Ion Trap’ (DIT), a new type of optical system, the instrument’s size has been reduced 
to take up only a very small space on the customer’s workbench. The DIT technology is also a useful 
tool in inferring the structure of unknown compounds (protein digests, peptides, peptides with post-
translational modifications, glycans etc.) with MS/MS and MS3 analysis. 

For protein digests where MS analysis alone is not sufficient for identification, more precise analysis 
can be carried out with MS/MS. Similarly, MS3 analysis can be performed on glycopeptides which 
cannot be identified fully through MS/MS analysis. The analysis of glycan-related substances has been 
a key focus in the development of biomedical devices. Shimadzu is convinced that the MALDImini-1 with 
its compact size and MS3 capabilities will be very suitable for such applications. 

The MALDImini-1 benefits research facilities, educational organizations, and private businesses related 
to biomedical science or conducting of research on the structure of glycans, and can be recommended 
for such facilities. 

Besides analysis, sample preparation is also an important issue for biopharmaceuticals. As monoclonal 
antibodies, especially their Fab region, are interesting for a detailed analysis, special techniques have 
been requested to support detailed analysis and in-depth characterization of these regions. With the 
nSMOL (nano-surface and molecular orientation limited proteolysis), Shimadzu provides an innovative 
approach enabling selective proteolysis of the Fab region of monoclonal antibodies. This technique 
facilitates method development independent from a variety of antibody drugs, and achieves a paradigm 
shift in the bioanalysis of antibody drugs. Shimadzu also offers optimization methods and protocols, and 
nSMOL can be applied to clinical research at various institutions.

The nSMOL Antibody BA Kit is a ready-to-use reagent kit for collecting monoclonal antibodies from 
blood or other biological samples using immunoglobulin collection resin, and then performing selective 
proteolysis of the Fab region of these antibodies via trypsin-immobilized nanoparticles. Variable region-
derived peptides produced by limited proteolysis can then be quantified via MRM measurements utilizing 

a high-performance triple quadrupole liquid chromatograph 
mass spectrometer. For pharmacokinetic studies the nSMOL™ 
Method provides some of the most fundamental indicators. 
The effective drug discovery is supported by the overall 
pharmacokinetic profile such as drug efficacy and toxicity. 

ABOUT SHIMADZU EUROPA GMBH
Shimadzu’s analytical systems are used as essential tools 
for research, development and quality control of consumer 
goods in all areas of pharmaceutical and environmental 
industries. 

DISCLAIMER
For Research Use Only. Not for use in diagnostic procedures. This publication may 
contain references to products that are not available in your country. Please contact us to 
check the availability of these products in your country.

SHIMADZU EUROPA GMBH

 Company Name : Shimadzu Europa GmbH
 Phone : +49-203-768 70
 Email : shimadzu@shimadzu.eu
 Website : www.shimadzu.eu

https://www.shimadzu.eu
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VELTEK ASSOCIATES, INC.

RFID TECHNOLOGY FOR ASSET TRACKING, ASSET 
MANAGEMENT, AND COMPLIANCE SUPPORT

The pharma-biotech industry faces many challenges, and among those challenges is asset 
management. Too often, companies struggle to locate equipment when it’s due for calibration or 
preventative maintenance. Not finding equipment when it’s needed can mean costly equipment 
replacement, lower productivity, wasted man-hours spent searching for it, and even product loss due 
to equipment in-use while out of specification.

It’s one thing to know that equipment is due for servicing, but it’s another thing to know where it is.  
That’s why pharma-biotech companies should consider using an automated RFID tracking system 
within their facilities.  Imagine locating a piece of equipment from your computer, before having to walk 
around your entire facility to find it. Imagine viewing a specific room from your computer, and seeing 
all of the equipment inside of it. No longer do you have to laboriously go from room to room searching 
for the missing piece of equipment. These are some of the benefits that a robust RFID solution can 
deliver. Combined with software that can also be your asset management tool, you can have a total 
solution to help with compliance and data integrity. Seeing that the data is captured automatically, it 
rules out human error as well.

VAI® has developed Core2Scan®, which is a total asset tracking and asset management solution 
that incorporates hardware (fixed and handheld RFID readers), proprietary software, and RFID tags, 
into a complete package to alleviate the above described challenges.  VAI has been in this industry for 
over 40 years, so we know the types of harsh chemicals and rigorous processes your equipment is 
subjected to. As a result, our components can be used inside and outside of your cleanrooms.

VAI specialists work with you to develop a solution that fits your needs and captures the critical 
data you’re after. A thorough site survey is included to help identify key areas where readers should 
be located. We typically recommend a scaled-down proof of concept approach, so you can see how 
RFID technology works in your facility, before you invest in a full program implementation.

VAI’s innovative Core2Scan RFID tracking solution can help improve numerous areas throughout 
your facility.

ABOUT VELTEK ASSOCIATES, INC.
Veltek Associates, Inc. designs innovative solutions to address the control of particulate and microbial 
contamination in pharmaceutical and biotechnology operations worldwide. Veltek strives to develop 
meaningful technical relationships with our clients to meet their unique requirements.

VELTEK ASSOCIATES, INC.

 Company Name : VELTEK ASSOCIATES, INC.
 Phone : +1-610-644-8335
 Email : europe@sterile.com
 Website : www.sterile.com 

https://sterile.com
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The recorded option offered with these webinars can be valuable 

for training employees who work on the second and third shifts. 

The companies offering these webinars advertise them well in 

advance of the event and often send out multiple reminders. 

The advertising for the webinars highlights who will be speaking, 

their qualifications, what they will cover in the training, and what 

you will learn as a participant. In addition, they will also make 

recommendations on who should attend so you can determine if 

this is appropriate training for your employees. In some cases, the 

webinar may offer continuing education credits for attending. This 

information should be printed out and used to demonstrate the 

appropriateness of the training.

Finally, you might consider using some employees who are not 

working remotely to lead some small-group internal training during 

their shift, employing a train-the-trainer concept. This satellite 

training can be led by a qualified, trusted, and trained employee 

representative that has the knowledge and expertise determined 

by their experience and job performance as determined by you. As 

with all other training, these discussions should be documented 

in your training system as well as the rationale for the selection of 

the designated trainer.

The bottom line is even though people are working remotely, 

and in-person training may not be feasible, there are still 

opportunities to ensure employees receive the required training 

to meet your company’s training expectations. You should sign 

up to receive emails from companies and organizations that offer 

online training, review them to determine if they are applicable 

to your operations, determine who should attend from your 

company, and make sure you document their attendance for 

their training record.

References
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High Absenteeism to Ensure Availability of Medically Necessary 
Drug Products (CDER, March 2011). PTE

associated with it (e.g., if the data is 

written to a drive to which the user does 

not possess rights to modify or delete 

files). Other mitigations that apply to 

multiple lines in the assessment may 

also be conveniently discussed in the 

summary section and the summary section 

referenced in the affected lines.

Description of the columns
Questions. The first column contains a list 

of data-integrity requirements, each phrased 

as a question for which “yes” is the desired 

response. Options include yes, no, and not 

applicable (NA). These questions are designed 

to prompt a thorough investigation of the 

system at hand.

As mentioned, the questions are phrased 

such that the desired response is “yes.” It 

is important to note that the assessment 

should be performed against the system 

(including the hardware, software, and any 

governing procedures) as it currently exists. 

If the system does not meet the expectation 

described in the question, a response of “no” 

should be selected. 

In rare instances, a response of N/A may 

be appropriate. For example, one question 

asks whether libraries are included in the data 

backup. For software that does not utilize a 

library search, this question would properly 

be answered N/A.

Guidance. The Guidance column provides 

additional context for, and clarification of the 

questions. In some cases, it also provides 

suggestions on potential mitigations.

Comments and mitigation of risk. The 

final column can be used to describe the 

manner in which the system meets the 

requirement (in the case of a “yes” answer). 

When the “no” response is selected, it should 

be used to describe the manner in which the 

risk therein identified is mitigated. There also 

may be the scenario where a “no” response 

is selected with a rationale for why the risk 

is considered acceptable.  Finally, in the 

case of an N/A response, the context which 

renders the question not applicable should be 

explained.

Next steps, other potential uses
The IQ working group is publishing this 

risk assessment tool to facilitate data-

integrity risk assessments and promote 

standardization and harmonization of 

practice. However, its developers believe that 

it may be useful in other applications as well.  

For instance, pharmaceutical firms may 

find it helpful to use the tool (or a subset of 

it) when evaluating instrument/software 

systems to aid in purchasing decisions. 

Similarly, instrument vendors may find it 

useful in understanding the needs and 

expectations of the pharmaceutical industry. 

The tool may also be useful in managing 

third-party laboratories and vendors who 

service equipment and in drafting technical 

quality agreements with them.  Finally, it is 

expected that implementation of the tool 

will aid pharmaceutical firms in internal 

harmonization and benchmarking across sites 

within a company
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Quality/Regulations — Contin. from 
page 30

Your opinion matters.
Have a common regulatory or compliance question?  

Send it to shaigney@mjhlifesciences.com, and 
it may appear in a future column.

Contin. from page 42
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Q.I am in charge of training activities for my 

company. Company policy requires all 

employees receive annual good manufacturing practice (GMP) 

training. Since many employees are working from home during 

the pandemic, I am struggling with how to deliver effective 

training, and I want to rewrite the policy to eliminate this 

requirement. Is annual GMP training a regulatory requirement, 

and can I eliminate this requirement and still be compliant with 

the regulations?

A.It is important to maintain training for employees even 

during highly challenging circumstances. In the United 

States, the regulatory expectation for training is defined in 21 

Code of Federal Regulations (CFR) 211.25, which states, “Each 

person engaged in the manufacture, processing, packing, or 

holding of a drug product shall have education, training, and 

experience, or any combination thereof, to enable that person to 

perform the assigned functions. Training shall be in the particular 

operations that the employee performs and in current good man-

ufacturing practice [CGMP] (including the current good manufac-

turing practice regulations in this chapter and written procedures 

required by these regulations) as they relate to the employee’s 

functions. Training in current good manufacturing practice shall 

be conducted by qualified individuals on a continuing basis 

and with sufficient frequency to assure that employees remain 

familiar with CGMP requirements applicable to them” (1). 

In Europe, EudraLex Guidelines for Good Manufacturing 

Practice for Medicinal Products for Human and Veterinary Use 

has similar requirements specified in Volume 4, Part 1, Chapter 

2, which states, “The manufacturer should provide training for 

all the personnel whose duties take them into production and 

storage areas or into control laboratories (including the technical, 

maintenance, and cleaning personnel), and for other personnel 

whose activities could affect the quality of the product.” The 

guideline also states, “Besides the basic training on the theory 

and practice of the quality management system and Good 

Manufacturing Practice, newly recruited personnel should receive 

training appropriate to the duties assigned to them. Continuing 

training should also be given, and its practical effectiveness 

should be periodically assessed” (2). The regulatory expectation 

is that companies continue to provide “a high level of assurance 

that manufacturers comply with CGMP and that products meet 

specifications,” even during exceptional times (3). 

To ensure that training requirements are adhered to and your 

compliance posture is not jeopardized, I recommend you start by 

triaging your employees. Those employees in critical roles should 

be your first priority to receive the necessary training in a timely 

manner. Employees in less critical roles could receive the training 

at a later time or maybe receive a truncated version of the 

training. Remember to document your decision in a well thought 

out and justified rationale. 

The next hurdle to overcome is to determine the most effective 

way to deliver the training without wasting critical resources. 

This can be accomplished in a variety of ways. On-line training 

programs have been used to train remote employees for years. 

These programs have the capability of allowing the instructor to 

tape the information and embed questions into the presentation 

that must be answered before that trainee can continue. This 

is a great way to train people and measure the effectiveness of 

that training. It also allows the employee to complete the training 

as their schedule allows. If you decide to utilize this approach, 

you need to be sure to set a date for completion of the training 

and monitor the results of responses so you can follow up 

on employees that may need some additional explanation or 

understanding of the concepts included in the training. Another 

approach would be to deliver the training as a webinar using a 

multiple person meeting app. 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. 

Another approach is to research virtual training and 

conference options offered by external organizations. Many trade 

organizations have converted their conferences and training 

topics to virtual offerings covering a wide variety of topics. 

Many of these organizations offer the option of listening in real 

time or to taped recordings. Some of these venues are free, 

and some require a registration fee. The sessions are usually 

90 minutes in length, and many offer an opportunity to ask 

the speakers questions through a chatroom feature. If you are 

unable to listen to the webinar live, you may have the option to 

purchase a recording of it and listen to it at your convenience. 

Training During a Pandemic

When in-person training may not be feasible, there are still opportunities to ensure employees receive 
the required training, says Susan J. Schniepp, distinguished fellow, Regulatory Compliance Associates.

Contin. on page 41



  make the difference
The popular i-Series of compact (U)HPLC systems has 
now evolved to the Plus family of Prominence-i and 
Nexera-i systems. The new line of products combines 
high-speed analysis with simplified method transfer, 
automated sample pre-treatment, minimized environ-
mental impact and easy maintenance. It targets pharma-
ceutical, chemical and food industries.  
 
Significantly improved analytical productivity 
through automated pre-treatment functionality  
resulting in increased efficiency and reduced risk  
of human error  
 
Wide range of application fields 
such as R&D activities, specification tests and  
quality control 
 

Flexible software control 
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