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Drug originators and off-patent medicine producers have 

been dissatisfied with a proposal (1) by the European 

Commission (EC) to amend European Union legislation to allow 

exemptions to extensions of patent rights through supple-

mentary protection certificates (SPCs). SPCs were introduced 

in 1992 in the EU to give new medicines additional patent-like 

protection of up to five years to compensate drug-developing 

companies for stricter regulations requiring lengthy testing and 

clinical trials before the granting of marketing authorizations.

The EC proposed in late May 2018 that a SPC waiver should 

be introduced to enable EU-based manufacturers of generic 

drugs and biosimilars to take advantage of the rapidly growing 

global market for off-patent medicines (2). The waiver would 

enable companies to manufacture generic drugs or biosimilars 

before the SPCs on the originals had expired.

The EC’s own research (3) had shown that companies that 

had a stock of generic drugs or biosimilars available to enable 

them to be “first movers” at the time of the SPCs expiry gained 

a considerable share of the off-patent market. Not surprisingly, 

representatives of the research-based companies were 

unhappy with the EC’s proposals. The European Federation 

of Pharmaceutical Industries and Associations (EFPIA), the 

main lobbying group for drug originators, claimed that the EC’s 

initiative had undermined the EU’s framework of intellectual 

property (IP) incentives to encourage R&D in new drugs (4). 

“Europe has historically been the global engine room of drug 

development,” an EFPIA spokesperson told Pharmaceutical 

Technology Europe. “If it weakens its IP system for drugs 

development through measures like the SPC waiver, it is risking 

losing that position. The global environment for new drug 

development is becoming increasingly competitive with emerging 

economies such as China strengthening their IP structures.”

The generic-drugs and biosimilars sector was not satisfied 

either with the EC’s suggestion because it did not go far 

enough. “The legislative proposal will have a limited effect 

if the [EC’s proposed] text remains as it is,” a spokesperson 

for Medicines for Europe, Brussels, the leading trade 

association for generic drugs and biosimilars producers, told 

Pharmaceutical Technology Europe. 

Now the proposal (1) by the EC, which first mooted the need 

for an SPC waiver in 2015, will have to be approved by the 

Council of Ministers representing the EU’s 28 member states 

and members of the European Parliament (MEPs). A lobbying 

battle between the two wings of the European pharmaceutical 

sector over IP rights seems inevitable. However, the originator 

companies could be more content than the producers of 

generic drugs and biosimilars if the EC’s proposal is approved 

as it stands at the moment.

Medicines for Europe demands changes

Medicines for Europe claims that the text of the EC’s proposed 

amendment to the EU’s 2009 regulation on SPCs does “not 

serve the purpose for which SPC manufacturing waiver has 

been conceived” (5). This is because it allows production 

during the SPC period only for the purposes of exporting to 

non-EU countries. Also, the proposed manufacturing waiver 

applies only to newly granted SPCs rather than existing ones, 

Medicines for Europe pointed out in a position paper (5) 

published in June 2018. The association also complains about 

measures put forward by the EC to stop producers of off-patent 

drugs taking advantage of national differences in the applica-

tion of SPCs to divert medicines from SPC-free EU markets into 

SPC-protected EU countries. As a result, Medicines for Europe 

is demanding changes to the EC’s proposed amendment. These 

changes would allow production of medicines during the SPC 

period so that generic-drug and biosimilar makers can stage 

an “EU day-one launch”—which enables their generic drug or 

biosimilar to be effectively introduced immediately in an EU 

market when an SPC expires. It also wants the manufacturing 

waiver to be applicable to all existing SPCs, and is urging the EC 

to withdraw its anti-diversion measures (5). 

“Without these three key elements, the SPC manufacturing 

waiver would be practically impossible to use,” the association 

says. It would provide no benefits to patients, healthcare 

budgets of EU members states, nor the EU generic drugs 

and biosimilars industry, it claims (5). To be complete and 

comprehensive, an SPC waiver needs to allow both exports to 

non-EU countries and day-one launches in the EU when SPCs 

expire, the association says (5). Otherwise, the waiver would not 

deal with the two main competitive disadvantages suffered by 

the European generic-drugs and biosimilars sector as a result of 

the EU’s SPC legislation, Medicines for Europe contends.

A comprehensive waiver would increase investment in 

the EU by producers of generic drugs and biosimilars. “Why 

should a European company produce in the EU for a non-EU 

market and in a non-EU territory for the EU?” the association 

asks (5). A full waiver would also stimulate investment in 

biosimilars projects by originator companies that have 

been putting money into R&D and production facilities for 

biosimilars outside the EU to be able to carry out day-one 

launches inside the Union. 

Medicines for Europe also argues that a comprehensive 

waiver is consistent with the Bolar exemptions first 

introduced in EU legislation in 2001. The Bolar exemptions 

permit production of SPC-protected medicines for research 

and testing purposes to provide data for marketing 

authorization applications. 

Disputes Over SPC Waivers
The European Commission’s proposed amendment on SPC waivers has sparked

opposing views from drug originators and producers of generic drugs and biosimilars. 
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Ensuring access for generic drugs and biosimilars

The EC acknowledges in its own impact assessment (3) on the 

proposed SPC waiver that the Bolar exemption was intended 

to ensure that “a generic [drug] could enter the market as 

soon as possible after the [SPC] expiry.” Also, according to the 

assessment, “the absence of an SPC manufacturing waiver, 

in practical terms, results in unduly extending SPC protection 

beyond its legal term, [which] is detrimental to the day-one 

entry of generic drugs/biosimilars onto the EU market.”

On the other hand, the EC’s wish to restrict the SPC waiver 

only to new SPCs is seen by Medicines for Europe as being 

out of line with Bolar exemptions because they also applied to 

existing patents. “Why should the EU approach be different in 

the case of the SPC manufacturing waiver?” it asks.

Because the restriction would mean that the waiver only 

applies to SPCs granted after the amendment comes into 

force, the first exemptions would not be implemented for 

10 to 15 years. All the benefits of having a waiver in place in 

2020 when a huge “patent cliff” of SPC expiries is due to take 

place would be lost. These SPC expiries account for most 

of the economic benefits of the waiver calculated by the 

European Commission—25,000 additional direct jobs, 

€9.5 billion (US$11 billion) net sales for the EU pharma industry 

and €3.1 billion (US$3.6 billion) in EU medicines spending.

In an explanatory memorandum (6) on its proposed 

amendment, the EC concedes that “over €90 billion of the 

first generation of the blockbuster biologics will become open 

to biosimilar competition by 2020, [which] will create huge 

additional opportunities for growth and jobs.”

The impact of anti-diversion measures

Medicines for Europe contends that anti-diversion measures

—such as special labelling, disclosure of commencement of 

production and names of API and excipient manufacturers, 

as well as the provision of a list of export countries—would 

breach commercial confidentiality and are unnecessary 

because there was no evidence of any risk of diversion 

happening. Already, at any one time, an average of approxi-

mately eight member states have SPC-free products on their 

markets while the rest of the EU’s 28-member states would 

have SPC-protected medicines available. Yet no evidence has 

been provided of products entering SPC-protected countries 

from free ones, Medicines for Europe claims (5). 

Also, next year’s implementation of a regulation under the 

Falsified Medicines Directive (FMD) requiring the bar-coded 

unique identification of individual medicine packs would 

enable the operation of a track-and-trace system, which 

would prevent the introduction of any illicit medicines on the 

market, the association argues. Nonetheless, for the EC and 

the research-based pharmaceutical sector, the anti-diversion 

measures are an important part of the plan to restrict SPC 

manufacturing waivers to exports outside the EU. They are a 

means for ensuring that medicines manufactured under the 

export waiver do not find their way back into the EU. 

“It is really important that the SPC waiver doesn’t infringe 

the IP rights of European drug innovators even further by being 

extended to cover medicines on the EU market itself,” says 

the EFPIA spokesman. “The waiver has always been about 

giving EU generic drugs and biosimilars producers greater 

competitiveness in non-EU export markets not in EU countries.”

A three-month public consultation (7) completed in 

January 2018 on the idea of an SPC waiver, which included 

pharmaceutical companies and trade associations, 

healthcare professionals, and EU governments, showed 

that most generic-drug and bioisimilar producers support 

the introduction of a waiver. Among drug originators, there 

was broad, but not overwhelming, opposition to an EU 

manufacturing waiver with three quarters of respondents 

in the sector believing that EU generic drugs and biosimilars 

manufacturers did not have competitiveness problems with 

producers in non-EU countries (7). None of the EU government 

authorities or ministries taking part in the consultation 

opposed the introduction of an SPC waiver, with some 

expressing support for it. One member state strongly favoured 

a waiver both for exporting purposes and for launching 

products in EU markets.

“The position of the originators on the waiver may not be 

fully understood by some governments at the moment, so 

we’ll have to continue to make sure they are aware of our side 

of the argument,” says the EFPIA spokesperson. 

With the European Parliament, lobbying by both groups 

within the industry could be more challenging. MEPs have 

demonstrated on a number of occasions some support for the 

SPC waiver, but this backing could soon decline. An election 

for a new Parliament is taking place in May 2019, after which 

its attitude to a waiver could change.
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Few global supply chains are as complex and 

fragmented as the pharmaceutical supply chain. 

Medicines flow, not only between manufacturers 

and a huge number of distributors, but between 

pharmacies and hospitals, and from manufacturers 

to pharmacies (1). Adding to that complexity is the 

challenge of ensuring the quality of active ingredients 

and raw materials used in manufacturing, most 

of which are made outside the United States and 

Europe.

As a result, the world’s consumers are increasingly 

vulnerable to fake, substandard, and illegally diverted 

medicines. A number of reminders have underscored 

that vulnerability.

In November 2017, the World Health Organization 

(WHO) issued new statistics on the impact of drug 

counterfeiting and substandard manufacturing, 

based on estimates from its Global Surveillance 

and Monitoring effort, which began in 2013 (2). 

According to WHO, one in 10 pharmaceuticals 

currently sold in developing nations is either fake or 

substandard. 

Based on modelling studies, WHO reported, 

each year, 72,000 to 169,000 children may die 

from pneumonia and another 64,000 to 158,000 

in sub-Saharan Africa alone may die from malaria. 

Extrapolating these numbers beyond these two 

types of therapies, and that one region, suggests the 

enormity of the problem. 

In July 2018, in the US, lots of the hypertension and 

heart failure treatment, valsartan, were recalled (3) 

after the carcinogen N-nitrosodimethylamine was 

found in product manufactured by an API supplier in 

China. As a result, six manufacturers that used the 

API voluntarily recalled some medications containing 

the ingredient, and the recall’s scope was gradually 

extended to include additional medications. In 

August 2018, the US Food and Drug Administration 

(FDA) issued suggested methods for using gas 

chromatography to detect the contaminant (4). 

In July 2018, the Pharmaceutical Security 

Institute (PSI) released the latest statistics (5) on 

pharmaceutical supply chain crime. “Globally, in 

2017, we saw the highest number of pharmaceutical 

crime incidents ever documented,” says PSI director 

Tom Kubic. As in previous years, Kubic noted, illegal 

diversion, including the movement of unapproved 

medicines into developed markets, was up by 14%, 

while counterfeiting was up by 7%. In addition, he 

notes, more than 1500 different types of medications 

were counterfeited, diverted, or stolen, up by 21% 

from 2016 levels. “Traffickers are targeting more 

expensive therapies,” Kubic says.

Pharmaceutical manufacturers are moving forward 

with serialization and aggregation efforts. They are 

also sharing more data (e.g., laboratory test data 

on samples that the companies have bought from 

illegal online pharmacies and other sources) with law 

Agnes Shanley

As counterfeiting, API manufacturing issues, and 

illegal diversion increase vulnerability, could dispensers 

and patients play a greater role in securing the pharma supply chain?

Keeping an Eye 
on the Last Link
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enforcement agencies.  Kubic sees 

this as an important and positive 

development. Even as these efforts 

progress, however, those at the very 

end of the pharma supply chain (i.e., 

dispensers and patients) remain 

at risk. David Aguero, manager of 

medication systems and informatics 

at St. Jude’s Children’s Hospital 

in Memphis, TN, provided some 

insights at a June 2018 conference on 

serialization innovation sponsored by 

the technology provider, Adents (6). 

The hospital had begun stocking 

a specific transdermal medication 

patch, the latest version of which 

looked quite different from what 

its pharmacists were used to 

seeing.  A pharmacist alerted him, 

and concerted efforts began to 

trace the source of product and 

specific changes. Despite careful 

recordkeeping and documentation, 

considering the fact that 14,000 

pharmaceutical products are in 

use at the hospital’s pharmacies, 

authentication proved to be a major 

challenge. In the end, Aguero said, it 

took one month to figure out where 

the patch was coming from.

Obstacles to security
Among pharma’s top supply 

chain problems, observers say, 

are lax penalties for those caught 

counterfeiting or selling diverted 

materials.  “Only a few countries in 

the world have ratified the Medicrime 

convention, which calls for jail time 

for counterfeiting,” notes Richard 

Bergström, external Pharma lead 

for SICPA SA, a privately-owned 

Swiss company whose inks are used 

for global currency security and 

anticounterfeiting.  The company 

has since diversified into other 

areas including overt and covert 

anticounterfeiting technology, 

including packaging and taggants.  Its 

serialization programme began nearly 

two years ago, and the company is 

currently working on global pilots 

around the world.

“Criminality is product agnostic, 

whether you traffick in purses, 

people, or medicines,” Bergström 

says. “At this point, one can still send 

two packages of drugs worth over 

€8648 ($US10,000) each into the 

supply chain without tracking them.”

PSI has seen a trend continue in 

which higher priced medications are 

increasingly being counterfeited, 

diverted, and trafficked into 

developed nations, Kubic says, 

where, in developing nations, generic 

antimalarials and antibiotics remain 

the focus. 

Other fundamental challenges 

are the vastness, profitability, 

and fragmentation within pharma 

distribution, particularly in developing 

nations, says Bergström, who cites 

statistics from a 2016 report by the 

World Bank’s financing arm, the 

International Finance Corporation 

(IFC) (7). “If the global pharma market 

is worth a trillion dollars, the total 

markup in world distribution is easily 

worth another trillion dollars, and 

two thirds of that business occurs in 

emerging markets,” he says.

“The US is extremely efficient 

at distribution, and Europe is also 
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efficient. So where is the rest 

of the money going?” he asks. 

The IFC expects solutions to the 

pharmaceutical diversion problem 

to come from private companies, 

Bergström says.

 SICPA has been working with 

global governments on serialization 

programmes for alcohol and 

tobacco products, and Bergström 

notes that these efforts are well 

established, and that African nations 

have control over these supply 

chains, where issues continue with 

pharmaceuticals.

By creating transparency in the 

supply chain, technology will be 

crucial to solving these problems. It 

may also help pharma overcome some 

criticism that it does not permit global 

access to drugs. Despite public outcry 

over drug prices, some manufacturers 

have reduced costs significantly 

in developing nations to increase 

access, he says. These initiatives have 

often gotten bogged down in the 

distribution chain, and failed. “Remove 

the middlemen, and improved global 

drug access can happen,” he notes.

Lasting results needed
Law enforcement has scored 

some recent victories in improving 

pharmaceutical supply chain security. In 

2017, PSI saw a step-up in enforcement 

efforts, with a 10% increase in 

pharmaceutical supply-chain criminal 

arrests throughout the world.

Although the International 

Criminal Police Organization’s 

(INTERPOL’s) major anticounterfeiting 

effort, Pangea, will not start until 

the autumn of 2018, Kubic notes, 

enforcement efforts have been 

making a dent, especially in Europe, 

China, and Latin America. 

However, Kubic notes, discussions 

are underway about how to improve 

the impact of enforcement efforts. 

For instance, in 2018, concerted 

enforcement efforts shut down the 

illegal website, canadadrugs.com (8). 

Kubic wonders how lasting the results 

will be. In some previous cases, 

he notes, including one involving 

online sales of fraudulent Norvasc 

high-blood-pressure treatments, 

the individual behind the websites 

that were shut down is once again 

actively involved in the illegal online 

pharmaceutical distribution scene.

In the US, Kubic says, FDA and the 

US Drug Enforcement Administration 

(DEA) have become more engaged 

in addressing illegal fentanyl 

manufacturing and supply, an area 

where illicit drug manufacturing 

and counterfeiting intersect. 

This has increasingly become 

a “homegrown manufacturing” 

problem, with imports of the finished 

product decreasing, and more 

individuals buying tablet presses and 

manufacturing equipment.

Efforts in serialization continue, 

although results have been mixed. 

TraceLink’s 2018 study found that 

only one-third of stakeholders were 

ready to meet requirements and 

that only 8% of manufacturers had 

integrated programmes with their 

contract partners (9). In addition, 

European manufacturers remain 

behind the curve (10) in submitting 

data to central data hubs.

Bergström, who was director 

general of the Iternational Federation 

of Pharmaceutical Manufacturers 

and Associations (EFPIA) from 2011 

until 2017, considers serialization 

a pet project. He joined SICPA in 

2017, to help direct its serialization 

efforts. Europe’s approach to pharma 

serialization has, from the start, been 

different from that in the US, whose 

roots were in efforts by the state of 

Florida to develop drug pedigrees, 

which led to pioneering work by 

Big Pharma companies. Europe’s 

serialization has been driven by 

different stakeholder groups and the 

industry itself. “Pharma companies, 

wholesalers, and pharmacies wanted 

a system for all of Europe,” he says.

He sees capital costs as 

an obstacle to progress with 

serialization. “In Europe, there are 

many small- to mid-sized companies, 

particularly in the south and east, 

for which even a $US 200,000-line 

investment would be difficult,” he 

says. Bergström also notes some 

fundamental IT issues. At this point, 

he says, most production lines are 

being equipped with equipment for 

printing and verifying barcodes. “The 

challenge comes with sending all 

the data,” he says. “Aggregation is 

approached differently in the US and 

Europe. In Europe, on paper at least, 

companies are expected to send a 

long string of numbers to a central 

hub. In the US, you are supposed to 

aggregate, to send serial numbers 

and aggregated format to supply-

chain partners,” he explains.

The probem that pharma companies 

can run into in Europe, Bergström 

says, is that, even if they are large and 

have consolidated financial reporting 

systems, their supply-chain systems 

are usually maintained separately. 

“Often, each is also in a different type 

of IT environment,” he notes, “where 

the regulations call for reporting from 

one single gateway.” 

Equipment-wise, many companies 

are ready, but data-transmission 

issues have made it difficult to 

comply; more than 22,000 companies 

are required to send their data but 

only a fraction of that number have 

done so so far (11).

In addition, Bergström notes, 

although cloud-based systems 

are gaining ground, many local 

governments want serialization data 

to be based locally. “There is also an 

unwritten requirement that services 

and equipment be sourced locally,” 

he says. “It’s not so much a technical 

issue, as it is a question of political 

perception.”

Leveraging IT
One question for pharmaceutical 

manufacturers, regulators, and for 

governments is how serialization 

IT and data might be used in the 

future, whether for operational 

excellence or other initiatives. 

Bergström notes that European 

regulators developed serialization 

regulations with a view to having 

the IT infrastructure, eventually, 

used to help monitor drug safety 

and effectiveness. According to this 

model, patients would eventually 

help collect the data.

Monitoring safety data
“That’s the future. If you can 

authenticate on top of serialization, 

aggregation, and traceability, you can 

be sure that each patient received 

the right drug at the right time, and 

then generate effectiveness data on 

top of that,” he says. This will become 

even more important as the industry 

moves to direct-to-patient clinical 

trials and into greater involvement in 

development of personalized gene 

and cell therapies, he says.

http://www.pharmtech.com/


Supply Chain Security

Pharmaceutical Technology Europe SEPTEMBER 2018    13

In order to accomplish that vision, pharma companies 

will have to overhaul the way they interact with patients, 

Bergström says, and this will require a huge change on both 

the technical and the messaging side. “That conversation has 

to start,” he notes. “You can’t have a Pfizer- or a Novartis-

driven approach. You need a single sector-driven approach.”In 

the short term, interoperable regulatory databases will 

be a help in tackling pharma security issues, he says, and 

serialization, container tracking, and other solutions could help 

ensure the pedigree of APIs.

A growing number of authentication solutions are focusing 

on the end of the supply chain. Taking this approach to 

its endpoint is Valisure, which introduced a Raman-based 

analytical system coupled with algorithms to address 

variability in medication quality. This system could detect 

substandard API or insufficient API loading, in branded 

medicines as well as generics. 

CEO David Light established the company after a colleague 

suffered side effects when he refilled a prescription and was 

issued a drug from the same manufacturer. Light sees the 

company meeting a strong need for “analysis at the very end 

of the supply chain.” The technology has received ISO 17025 

accreditation, and the company, which has partnerships with 

leading pharmaceutical distributors, plans to launch an online 

pharmacy that would use the technology to ensure that drugs 

meet stated content requirements. 
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The pharmaceutical industry is currently challenged to accelerate 

the development of new drugs while reducing the cost of these 

efforts. Drug repositioning is an effective approach for achieving 

these goals. Evaluating existing compounds that have been proven 

safe—whether approved, still in clinical trials, or previously found to 

be ineffective for the diseases they were originally targeting—takes 

less time and money. The challenge is to identify the right existing 

compounds to investigate for a given disease.

Many basic strategies
Drug repositioning today is currently pursued using one of five key 

approaches, according to Aris Persidis, co-founder and president 

of Biovista, which is developing a pipeline of repositioned drug 

candidates in neurodegenerative diseases, epilepsy, oncology, and 

orphan diseases. Phenotypic screening is the one method that 

involves laboratory testing. In this approach, a drug substance is 

tested in parallel against a small set (10–50) of animal models or cell 

lines. “This approach is neither comprehensive nor systematic by any 

means, but if one is lucky and gets a hit, then a potential new use of 

a drug in a specific new disease has been identified with some initial 

experimental proof,” Persidis says.

To achieve systematic or comprehensive repositioning, computer-

based approaches must be used. There is no single preferred digital 

tool or technology for accomplishing drug repositioning because 

different tools are optimally suited for different strategies, according 

to Hermann Mucke, CEO of H.M. Pharma Consultancy, a firm that 

provides drug development services, including support for drug 

repositioning activities. “Many pharmaceutical companies use 

their own in-house algorithmic solutions or leverage technology 

platforms developed by specialists 

in repositioning, such as Biovista, 

Excelra, etc.,” he notes.

In addition to in-silico modelling 

and target docking using algorithmical 

solutions beyond medicinal 

chemistry, Mucke points to data 

mining of side effects and drug 

interactions as a way to find valuable 

clues for APIs formulated into 

marketed drugs. “Crucial information 

can also be extracted from the peer-

reviewed and patent literature by 

creative pharmacologists who can 

think out of the box and ‘connect the 

dots’,” he adds.

The other four approaches 

identified by Persidis overlap 

somewhat with these strategies and 

include literature mining, pathway 

mining, adverse-event matching, and 

gene-regulation mining. “Pathway 

mining involves the use of pathway 

keywords to search the literature 

and other gene/protein pathway 

databases where a specific pathway 

is linked to different diseases, and 

then match drugs known to hit 

that pathway across the different 

diseases,” he explains. 

Similarly, in adverse-event 

matching, lists of adverse events are 

used to mine the labels of drugs for 

the same adverse events. “If different 

drugs that work in different diseases 

have the same adverse events, then 

maybe they can work in the same 

diseases,” Persidis observes. Gene 

regulation mining uses data from 

microarrays to find genes that may 

be up/down-regulated in a disease 

microarray, and then the literature is 

searched to find drugs known to have 

the opposite effect.

The emergence of AI
There are few data sources that 

are specifically tuned to the needs 

of drug repurposers, according to 

Mucke. In addition, analysis tools are 

not yet sufficiently advanced to assist 

without extensive training in pathway 

and systems medicine. 

The existing approaches have 

all yielded some successes and 

failures, adds Persidis. They fall into 

the “quick/easy/cheap category,” 

however, and are limited in their 

applicability. “To do repositioning 

is easy, to do it well is hard. The 

key limitation of these existing 

Cynthia A. Challener is 

a contributing editor to 

Pharmaceutical Technology 
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Existing software tools cannot take into account the complexity of disease.

Can Artificial Intelligence 
Take the Next Step 
for Drug Repositioning?
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computational approaches is that 

they are focused on reducing 

repositioning to one parameter (gene 

up/down, common side effects, 

etc). As a result, they do not take 

into account the complexity of 

diseases and their mechanisms of 

action, or the complexity of patient 

populations,” he said. 

Going forward, both Persidis and 

Mucke believe that the application 

of artificial intelligence (AI) to drug 

repositioning will take the field 

much further than it can go today. 

“AI is emerging as the best tool to 

do repositioning well. New AI-driven 

technology shows the best promise, 

because AI is able to integrate and 

use many different types of data 

much more effectively than before,” 

Persidis explains. 

Adds Mucke: “Advanced AI 

technologies that can look for 

connections they have not been 

specifically trained to identify will 

revolutionize drug repositioning 

within the next few years, taking us 

beyond mere expert systems.”

Derivative potential
It is not just existing compounds that 

have potential for drug repositioning; 

their derivatives can also be explored 

for therapeutic activity. “Once you 

have a repositioning candidate 

compound identified for your disease 

target (or vice versa), you can let 

loose all the medicinal chemistry 

and pharmacology tools that are out 

there,” says Mucke. Derivatives can be 

generated using known quantitative 

structure-activity relationship 

approaches that have been widely 

employed in drug discovery for many 

years, according to Persidis.

Of course, the parent compound 

must be identified first, which is 

a repositioning exercise. “The real 

challenge is not the derivatives, 

but the starting points. Once you 

have a drug, then deriving different 

versions can be done, but you can’t 

derive a different version unless 

you know where to start from. The 

difficulty is finding a good starting 

point,” says Persidis.

Database of compounds
H.M. Pharma Consultancy maintains 

the Discontinued Drug and Candidate 

Database (DDCD), a comprehensive 

machine-readable database of 

information on compounds that might 

be suitable for drug repositioning. 

The DDCD is regularly updated with 

information on approved drugs 

and drug candidates that might be 

available for repositioning efforts 

taken from peer-reviewed papers, 

patent documents, and chemistry, 

pharmacology, and development 

information in various public sources, 

according to Mucke. 

The company uses the DDCD 

as an internal resource for drug 

development projects and for 

repositioning projects that it is 

completing as part of the European 

Union Research and Innovation 

programme, Horizon 2020. “The 

DDCD has been constructed over 

the past 20 years and goes beyond 

any single public source in defining 

the pool of compounds that are 

potentially available for drug 

repositioning,” Mucke comments.

AI seeks drug potential
Over the past 10 years, Biovista has 

been developing an AI solution called 

Project Prodigy. “A major challenge 

in drug repositioning is to balance 

the insights into a new use with 

equivalent insights into potential side 

effects,” Persidis says. “Biovista’s AI 

programme is one of very few equally 

able to identify both potential new 

uses and the specific subpopulations 

to include or avoid, based on a full 

understanding of the benefit/risk 

balance,” he notes.

The Project Prodigy AI is also one 

of few systems that does not limit 

itself to machine learning (ML), says 

Persidis. That is important because 

ML only affords ‘hits’ that are 

basically already known from training 

sets, even if hard to find. “Biovista’s 

Project Prodigy AI is capable 

of building entirely new clinical 

scenarios that have never been seen 

before and can be evaluated as truly 

novel. No training sets are needed 

or used. This ability provides a key 

advantage over typical ML-based 

approaches,” he states.

Project Prodigy, according to 

Persidis, has already been used in a 

number of projects. Internal efforts 

at Biovista have led to repositioned 

drugs with animal model/cell line 

validation and issued or granted 

patents in multiple sclerosis, epilepsy, 

anti-glomerular basement membrane 

disease, and some rare diseases 

such as Friedreich’s ataxia and 

Leber’s hereditary optic neuropathy. 

The company has also used the AI 

system in collaborations with major 

pharmaceutical companies, patient 

advocacy groups, and the US Food 

and Drug Administration.

The right way 
to do drug development
Developing a drug is a long, expensive 

process. Repositioning is the most 

efficient way to get to a valid starting 

point. “Drug repositioning should be 

a standard operating procedure at 

any stage of development, especially 

early on. Its ‘right way’ systematic 

use also reduces development and 

investor risk across different phases 

of the portfolio,” said Persidis.

While none of the current digital 

tools available for repositioning are 

capable of providing anything beyond 

assistance for pharmacologists who 

know how to use them and who 

can interpret their results properly, 

according to Mucke, this situation will 

change soon with the application of 

continually improved AI technology.

“AI has already shown its promise, 

with actual results achieved 

much more efficiently than other 

approaches. Now, it is beginning to 

be understood as one of the most 

powerful ways forward for drug 

development and healthcare cost 

containment,” Persidis concludes. PTE

A REPURPOSING STRATEGY

A multidisciplinary approach that uses data culled 

from clinical studies can identify the true needs 

of healthcare professionals and patients and 

how they can be served via drug repurposing and 

reformulation, writes Sven Stegemann, director, 

pharmaceutical business development, Lonza 

Pharma & Biotech, in an online article, “Innovating 

Lifecycle Management with Data-Driven and 

Enabling Technologies.”

Pharma developers must also understand 

how to apply enabling technologies to meet the 

complex, target product profiles of patient-centric 

medicines, Steggmann writes. Read the article at 

www.pharmtech.com/pt/repurpose.

—The editors of 

Pharmaceutical Technology Europe
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Coating is one of the approaches used to mask the taste of bitter 

drugs. Coating for taste-masking purposes is a well-established 

technology used throughout various dosage forms, observes Felix 

Hofmann, technical sales manager, Evonik. “It ensures a reliable 

outcome of the manufacturing process, and has obvious advantages, 

such as short processing times, easy application, and straightforward 

upscaling on standard equipment,” he says. “Safe taste-masking 

properties can be achieved by covering the entire surface of the 

dosage form by a polymer film so that direct contact of the bitter 

substance with the taste receptors on the tongue is prevented.”

“From the patient’s view, coating not only masks bad taste and 

odours, but also makes the tablet easier to swallow and aids in 

recognition and differentiation between tablets, thus reducing the 

potential risk of medication errors,” Dr. Ali Rajabi-Siahboomi, vice-

president and chief scientific officer, Colorcon, highlights. He notes 

that the coating also increases the mechanical strength of tablets and, 

therefore, reduces friability, breakages, or dusting associated with 

uncoated tablets. 

“The selection of a taste-masking method is often dictated by 

the API’s physicochemical properties and taste profile,” explains 

Rajabi-Siahboomi. Hofmann adds that other characteristics such as 

drug load, shelf-life, the desired dosage form, and field of application 

also play a crucial role in selecting the appropriate taste-masking 

technology. 

“There are various options available for consideration, such 

as the use of flavours and sweeteners, the application of barrier 

membrane coatings on drug particles, and the use of ion exchange 

resins—all of which can be applied individually or in combination 

to overcome the undesirable taste 

of an API,” says Rajabi-Siahboomi. 

“While these options exist, coating 

of tablets and multiparticulates, 

remains the simplest and preferred 

method for taste masking of bitter 

APIs for many reasons, including 

ease of manufacturing, accurate 

dose administration, good product 

stability, convenience, good patient 

acceptability, and it delivers improved 

patience experience.” 

Hofmann concurs that for single- 

and multiple-unit dosage forms, 

coating is generally considered the 

preferred taste-masking approach 

because of its specific benefits. 

“Overall, if the dosage form has a 

smooth surface that allows proper 

coating, we would certainly go for it,” 

he says. He also points out that film 

coatings for taste-masking purposes 

can even be applied for liquid dosage 

forms. “Usually, they are prepared 

as dry syrups that are going to be 

reconstituted before administration,” 

he explains. “Of course, in such set 

up, the shelf life of the ready-to-use 

dosage form is limited by potential 

diffusion of the active ingredient 

through the film as compared to solid 

drug products.”

Formulation development
A crucial consideration for 

formulators, according to Rajabi-

Siahboomi, is to determine the level 

of taste masking required, which 

depends on the API properties and 

the dosage form design. “In some 

cases, the API is only slightly bitter 

and may be masked with flavours 

and sweeteners. In other cases, 

the API has a very bitter taste 

requiring additional taste-masking 

techniques,” he says. “In general, 

for tablets that are swallowed 

whole by the patient, an immediate-

release film coating is sufficient to 

mask an unpleasant taste of API, 

but it may not mask the unpleasant 

odour of the drug. With bitter APIs, 

however, even a small amount 

of exposure is sufficient to give 

the patient a poor experience. In 

these cases, formulators should 

consider using a barrier membrane 

film coating as their first choice to 

taste-mask the drug particles or 

granules,” he explains. 

Adeline Siew, PhD

The level of taste masking required will depend 

on the API properties and the dosage form design.

Coating for
Taste Masking
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Formulation

Various barrier membrane 

coating options are available. Rajabi-

Siahboomi cites the example of the 

active substance, raltegravir, which 

has an intensely bitter taste and 

hence, taste masking was seen as 

an essential part of the development 

programme. “Several taste-masking 

options were evaluated by coating 

the raltegravir granules prior to 

processing into the final dosage 

form,” he says. “The chosen option 

was to use a coating comprised of 

an aqueous ethylcellulose dispersion 

in combination with a hypromellose-

based film-coating system. Insoluble 

in water, ethylcellulose acts as the 

taste-masking agent by delaying the 

release of the drug in the mouth, 

while hypromellose is used as a pore-

former in the coating, which allows 

immediate release of the drug once in 

the stomach.”

Rajabi-Siahboomi highlights that 

the dosage strength will also dictate 

whether a specific taste-masking 

formulation strategy is suitable. 

“Low-dose APIs are easier to 

mask, while high-dose APIs may be 

challenging because more material 

(with a greater surface area) needs 

to be coated,” he says, noting that 

this is especially true for formulations 

with fast-dissolving bases, which may 

leave the patient with coated drug 

particles in the mouth for a longer 

time.

The coating process
As a production technique, coating 

typically has gentle processing 

conditions, with rather low 

temperature and energy intake, 

observes Hofmann. Nonetheless, he 

points out that careful adjustment 

of the process humidity and 

temperature must be considered 

for moisture- and/or temperature-

sensitive drugs. “Solvent-based 

coatings can be applied for 

moisture-sensitive active if the 

parameter control strategy for 

aqueous processing fails,” he says. 

“Formulation adaptations might 

be required for free acidic or basic 

drug substances to circumvent ionic 

interactions depending on the coating 

polymer choice.” 

For particle coating, Hofmann 

notes that particle size, morphology, 

flowability, and solubility of the 

active ingredient can have an 

impact on the overall processability. 

“Pre-treatment strategies such as 

granulation might be necessary for 

acceptable process performance and 

overall process time,” he explains. 

“In this respect, coating of tablets 

is generally less complex as the 

surface is well-defined and the drug 

substance is generally diluted with 

tabletting excipients. Moreover, taste 

masking of tablets can be considered 

less challenging compared with 

multiparticulate systems due to their 

shorter residence time in the mouth 

cavity.” 

The dosage strength will 
also dictate whether a 
specific taste-masking 
formulation strategy is 
suitable. 

Polymers for taste masking
Different types of polymers are 

used in coating applications for 

taste-masking purposes. “Polymers 

can be clustered in natural and 

synthetic origin,” says Hofmann. 

“Among the natural-based polymers, 

cellulosics such as hydroxypropyl 

methylcellulose (HPMC) are often 

used for taste-masking applications. 

Typical characteristics of these 

polymers are the highly viscous 

spraying suspensions they produce, 

resulting in high spraying pressures, 

high product bed temperatures 

during spraying processes, and 

limited tastemasking capabilities 

due to their solubility in the saliva. 

Because of these limitations, poly 

(meth)acrylate-based coatings have 

become more popular recently.” 

Hofmann highlights that the (meth)

acrylic copolymers can be applied as 

a low-viscous spraying suspension 

with low atomizing air pressures 

and low product temperatures. “The 

resulting films will stay intact at high 

pH values in the saliva resulting in 

superior taste-masking properties 

even if particles may stay in the 

mouth for a while,” he says. “The 

coating dissolves rapidly in the 

acidic conditions of the stomach 

and, therefore, has no impact on 

bioavailability of the drug.”

According to Andrea Vescovi, head 

of Global Technical Marketing Pharma 

Solutions, BASF, using pH-dependent 

polymers that are insoluble in 

the neutral pH of the mouth, but 

soluble in a pH range between 1 to 

5 in the stomach where the coating 

immediately releases the API, is 

an efficient way of taste masking. 

“In this case, the pH at which the 

respective polymer dissolves is 

an important factor because it 

determines the release of the API,” he 

explains. “Additionally, when coating 

a tablet with polymers that dissolve 

at a lower pH range, the residence 

time in the stomach needs to be 

regarded to allow the film to dissolve 

and subsequently release the API.” 

Rajabi-Siahboomi, however, cautions 

that there are some concerns around 

the potential failure of the system 

to release the drug if the pH of the 

stomach is elevated due to a patient 

taking other medications (such 

as proton pump inhibitors), or the 

presence of food in the stomach, 

affecting its bioavailability. 

Even so, Vescovi believes that this 

effect can be minimized by using 

innovative polymers with wider 

pH-dependent solubility range (pH 

1–5). He adds that besides addressing 

tastemasking challenges, polymers 

also offer the opportunity to provide 

additional functionality such as 

different release profiles or moisture 

protection. 

Quality by design
The quality-by-design (QbD) 

considerations for tablet coating 

is well established, notes Rajabi-

Siahboomi. “The working design 

space identified for immediate 

release coating formulations also 

apply for taste masking,” he says, but 

adds that film-coating formulations 

and processing of particles and 

granules for taste masking are 

more complex. “Having said this, 

as the particle size of drug particles 

or granules increases, and their 

distribution becomes narrower, the 

level of complexity and difficulty to 

coat them decreases significantly.”

As for coating formulations, it 

is important to consider choice 

and level of polymers, in addition 

to processing aids used for the 
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coating process, observes Rajabi-

Siahboomi. “These should provide 

suitable viscosity dispersion, correct 

ratios of components to provide 

functionality, and ease of processing 

without too much agglomeration 

of the particles.” He points out 

that the coating process should be 

designed to avoid granulation and 

agglomeration of drug particles and 

ensure individual particle coating 

with the barrier membrane system. 

“Critical parameters affecting 

optimum and consistent coating 

are: choice of bottom or top spray 

technology, spray gun set-up, and 

processing conditions such as spray 

rate, atomizing air, fluidizing air, and 

volume of air, among others,” he 

says. 

According to Hofmann, the 

critical quality attributes (CQAs) 

and critical process parameters 

(CPPs) should be identified and 

incorporated into the development 

process at an early stage. “For 

functional coatings for taste-

masking purposes, dissolution both 

in neutral and acidic pH is the most 

important CQA, as it reveals taste 

masking efficiency through the lag 

time and bioavailability through the 

release,” he underlines. 

Fully synthetic polymers 

consistently have low batch-to-batch 

variability and can be produced with 

tight specifications, Hofmann notes. 

“They are, therefore, less critical 

than naturally based polymers 

where batch-to-batch differences in 

molecular weight and substitution 

degree have to be considered as 

CQAs of the tastemasking polymer.” 

He adds that further to specific 

polymer properties, polymer 

amount, type, and individual quality 

have to be evaluated for optimum 

risk assessment. “Moreover, the 

amount and type of film-coating 

excipients have to be added to the 

CQAs of the coating formulation,” 

he says. “Among the CQAs of 

the substrate material, particle 

size distribution, specific surface 

area, and bulk density are key for 

multiparticulates; whereas for 

tablets, friability and weight variation 

are important.” 

Hofmann adds that the setup of 

spraying process parameters will 

also have crucial influence on film 

quality and, therefore, the final 

product taste-masking performance. 

“Product bed temperature, spray 

rate, atomizing air pressure, inlet air 

temperature/humidity, and drying 

air capacity are among the CPPs. 

Their impact on film quality should, 

therefore, be evaluated carefully to 

create a robust and reliable design 

space for the individual coating 

process. PTE

Taste-blocking—An alternative to taste masking

It is well recognized that bitter APIs can have a negative effect 

on patient compliance. As a result, there is an increasing demand 

for taste-masking technologies that address this issue. Senomyx 

uses an alternative approach, known as taste-blocking, to address 

the challenges of bitter APIs. “The company was founded in 1998 

based on the work of Charles Zuker from the University of California, 

San Diego, who is credited with the discovery of taste receptors 

in rodents,” Kenneth J. Simone, vice-president of Pharmaceutical 

Business Development, Senomyx, told Pharmaceutical Technology 

Europe. “Since then, we have replicated this work in human taste 

receptors and determined the mechanism of action for sweet and 

bitter taste.” 

Simone explains that in the human genome, there are 25 genes 

localized on three different chromosomes, which code for bitter 

taste receptors that are expressed in taste buds on the tongue. 

“Senomyx has developed proprietary assays for 22 of these 

receptors,” he says. “Using these assays with classical biotechnology 

approaches such as high throughput screening, chemical 

optimization, and taste tests, we have developed novel bitter 

taste blockers for food, beverages, over-the-counter (OTC), and 

pharmaceutical applications.” Pharmaceutical Technology Europe 

spoke to Simone about Senomyx’s taste-blocking technology.

PTE: How does taste-blocking work, what is the mechanism of 

action or the principle behind the technology? 

Simone: Our bitter taste blockers act as genuine receptor 

antagonists. They bind to the bitter receptor eliciting the bitterness 

of the active ingredient and keep the receptor inactive, resulting in 

a reduced level of bitter sensation being relayed from the receptor 

to the nerves, even in the presence of the bitter active ingredient. 

We also have the ability, through our proprietary assays, to screen 

compounds, such as APIs, to determine which bitter receptors the 

compound activates. This information allows us to focus on the 

dominant receptors and achieve maximum blocking effect.

PTE: How is it different than other taste-masking approaches? 

Simone: The materials Senomyx has developed are blockers, not 

maskers. Our bitter taste blockers have no inherent taste on their 

own at usage levels and specifically block bitterness at the receptor 

level. Masking is typically approached by adding sweeteners 

or other flavouring agents, at high levels, to impart other taste 

characteristics in a formulation. The masking approach does not 

act specifically to attenuate bitterness, and as such, only limited 

success is achieved when trying to mitigate the bitterness of APIs. 

Many APIs are several hundred times more bitter than sources from 

food and beverages, like coffee.

PTE: Can you provide some examples of pharmaceutical 

applications of your taste-blocking technology? 

Simone: Senomyx’s Bittermyx BB68 bitter blocker is already 

being used in API applications to attenuate bitterness. It is being 

evaluated for use in additional products. The work is focused 

on paediatric and geriatric solutions (i.e., liquid or dissolvable 

formats, and not encapsulated or coated tablets). In-vitro studies 

have demonstrated that BB68 can attenuate bitterness in cough 

and cold remedies using acetaminophen, guaifenesin, and 

dextromethorphan. 

 —Adeline Siew, PhD
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leaning validation is a regulatory requirement 
worldw ide and an integra l  step w it hin t he 
manufacturing of active pharmaceutical ingredients 
(APIs), pharmaceuticals, and biopharmaceutical 

products. Manufacturers strive to improve the efficiency, 
cost, quality, and time required to design, qualify, and 
monitor the cleaning process. This approach of designing, 
qualifying, and monitoring a process, such as cleaning, 
is referred to as the lifecycle approach (1–2). The goal of a 
successful cleaning validation programme is that cleaning 
procedures are defined, analytical methods are qualified, 
and acceptance criteria are continuously met. 

A laboratory cleaning evaluation was performed on 15 
generic APIs (3). The cleaning performance results com-
bined with solubility and toxicity information were used 
to select three APIs. The Fourier-transform infrared spec-
troscopy (FTIR) direct-surface sampling technique com-
bined with visual inspection were used to ensure the product 
contact surface is clean. The surface sampling used during 
the cleaning validation runs was combined with ultraviolet 
spectroscopy (UV) of a rinse solution. The UV monitor-
ing can be used in-line to continuously monitor the API 
content in the final rinse solution (4–5). In-line monitoring 
of the rinse solution can also be used to monitor removal 
of cleaning agents. Designing a risk-based cleaning process 
correlating direct-surface sampling, visual inspection, and 
coverage testing to in-line rinse solution enables an efficient, 
low-cost means to continuously monitor the API equipment 
cleaning procedure (6).  

The aim of this study is to demonstrate that swabbing and 
swab analysis for detergents may in some cases be replaced 
with direct and in-line methods, which offer improved ef-
ficiency for API manufacturers. To achieve this aim, the 
authors adopted a cleaning protocol that eliminates the need 
for swabbing and swab analysis during routine monitoring 
by using direct FTIR spectroscopy surface testing, while 
the entire process is continuously monitored in-line by UV 
spectroscopy. 

Cleaning validation is a regulatory requirement 

worldwide and an integral process step within 

the manufacturing of active pharmaceutical 

ingredients (APIs) and drug products. The approach 

of designing, qualifying, and monitoring a process 

is labelled a lifecycle approach. This article focuses 

on applying new and traditional techniques to 

design a cleaning process, ensure the surfaces 

are clean, and develop rinse solution analysis to 

continuously monitor cleaning performance.
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Table I: API description, formula, molecular mass, structure, and solubility. LOD is limit of detection. LD
50

 is the lethal 
dose of active that kills 50% of a sample population. 
Actives* (chemical 

abstracts registry 

number)

General 

indication*

Structure, formula, and 

molecular mass*
Spectral properties Solubility* Toxicity (LD

50
 rat)

Atenolol 

[29122-68-7]

Anti-hypertensive, 

anti-anginal, anti-

arrhythmic

UV max absorption at 

226 nm (7), LOD 0.5 

μg/mL

Slightly soluble 

in water

Oral LD
50

 rat 3000 mg/kg

IV LD
50

 rat 59.24 mg/kg (7)

Oral LD
50

 rat >2000 mg/kg

IV LD
50

 rat 77 mg/kg (8)

Gabapentin

[60142-96-3]

Anti-convulsant; 

analgesic

UV max absorption at 

210 nm, Linear range: 

0.25-3.5 μg/mL.

Freely soluble 

in water

Oral LD
50

 rat >8000 mg/kg

IV LD
50

 rat >2000 mg/kg (9)

Isoflurane

[26675-46-7]

Anesthetic 

(inhalation)
No UV absorption

Insoluble in 

water

Oral LD
50

 rat >4770 mg/kg

IV LD
50

 rat >4280 mg/kg (10)

Oral LD
50

 rat is 4.77 ml/kg (11)

Progesterone

[57-83-0]
Progestogen

UV max absorption at 

210 nm, (12) Linear 

range: 4-60 μg/mL

Practically 

insoluble in 

water

Oral LD
50

 mouse 1050 mg/kg (13)

IV LD
50

 mouse 79.5 mg/kg (14)

Felodipine

[72509-76-3]

Anti-hypertensive, 

antianginal

UV max absorption at 

234 nm, Linear range: 

4-24 μg/mL

Other UV absorption at 

360 nm, Linear range: 

8-60 μg/mL

Insoluble in 

water

Oral rat LD
50

 is 1050 mg/kg

IV rat LD
50

 is 5.4 mg/kg (15)

Ciclesonide

[126544-47-6]

Anti-asthmatic; 

glucocorticoid

UV max absorption at 

242 nm, Linear range: 

4-24 μg/mL

Practically 

insoluble in 

water

Oral LD
50

 rat is > 2000 mg/kg

Fluticasone 

Propionate

[80474-14-2]

Anti-allergic; anti-

asthmatic; anti-

inflammatory

UV max absorption at 

246 nm, Linear range: 

1-15 μg/mL

Practically 

insoluble in 

water

Oral LD
50

 rat is >2000 mg/kg (16)

Dexamethasone

[50-02-2]

Glucocorticoid; 

antiemetic; 

diagnosis aid 

(Casting’s 

Syndrome, 

depression)

UV max absorption at 

241 nm, Linear range: 

1-30 μg/mL

Soluble in 

water, solubility 

at 25 °C in 

water, 0.1 mg/

mL

Oral LD
50

 rat > 3000 mg/kg 

(17-18)

Quinapril 

Hydrochloride

[85441-61-8]

Anti-hypertensive 

in treatment of 

congestive heart 

failure

UV max absorption at 

222 nm, Linear range: 

2-10 μg/mL

Freely soluble 

in aqueous 

solvents

Oral LD
50

 rat 3541 mg/kg (19)

IV LD
50

 rat 107 mg/kg (20)

Halobetasol 

propionate

[66852-54-8]

Anti-

inflammatory; 

antipsoriatic

UV max absorption at 

234 nm, LOD: 

1 μg/mL

Practically 

insoluble in 

water

Oral LD
50

 rat > 15 mL/kg (21)
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Background 
The property, structure, and solubility of 15 generic APIs 
manufactured in Ireland and around the world are listed 
in Table I (7–28). It is often assumed that the API with the 
lowest solubility is the most difficult to clean. All 15 APIs 
were evaluated for the cleaning study. Three APIs, including 
progesterone, flufenamic acid, and quinapril hydrochloride, 
were selected for further residual determination using UV 
and FTIR based on the results from the cleaning evalua-
tion (difficult to clean) and the differences in the chemical 
structures (i.e., steroid, amino benzoic acid, and dipeptide). 
Testing was performed in Saint Louis, MO.

Critical parameters and lab studies
The critical cleaning parameters and factors affecting 
cleaning performance have been well defined in the 

literature. These include: time, action, cleaning chemistry, 
concentration, temperature, water quality, surface, soil 
load and condition, and environmental factors (29). When 
designing a cleaning process, it is important to design 
the laboratory studies to accurately represent both the 
residue in contact with the surface and the condition of 
the residue during the process and dirty hold phases (30). 
However, in some processing steps, such as the addition 
of dry components, mixing high viscosity slurries, and 
reconstituting dried products, residues may be observed at 
and/or above the liquid level that are more difficult to clean 
than the API or the final mixed formulation (31). The APIs 
evaluated in this study were: atenolol, gabapentin, isoflurane, 
progesterone, felodipine, ciclesonide, fluticasone propionate, 
dexamethasone, quinapril hydrochloride, halobetasol 
propionate, f lufenamic acid, clobetasol propionate, 

Table I  (Cont’d): API description, formula, molecular mass, structure, and solubility. LOD is limit of detection, LD
50

 is the 
lethal dose of active that kills 50% of a sample population. 
Actives* (chemical 

abstracts registry 

number)

General 

indication*

Structure, formula, and 

molecular mass*
Spectral properties Solubility* Toxicity (LD

50
 rat)

Flufenamic acid

[530-78-9]

Anti-

inflammatory; 

analgesic

UV max absorption at 

285 nm, Linear range: 

5-25 μg/mL

Practically 

insoluble in 

water

IV LD50 rat 98 mg/kg (22)

Oral LD50 rat 249 mg/kg (23)

Clobetasol 

Propionate

[25122-46-7]

Glucocorticoid; 

anti-inflammatory; 

anti-psoriatic

UV max absorption at 

239 nm, Linear range: 

2-40 μg/mL

Insoluble in 

water

Oral LD50 rat > 3 gm/kg (3000 

mg/kg) (24)

Terazosin 

Hydrochloride

[63590-64-7]

Anti-hypertensive 

in treatment of 

benign prostate 

hyperplasia

Bromophenol blue 

was used for ion pair 

complex with the drug 

in 1:1 ratio. UV max 

absorption at 425 nm, 

linear range, was 1-10 

μg/mL.

Soluble in 

water, solubility 

at 25 °C in 

water, 33.7 

mg/mL

IV LD50 rat 277 mg/kg for males 

and 293 mg/kg for females (25)

Oral LD50 rat is 5500 mg/kg 

(5500mg/kg), IV LD50 rat is 255 

mg/kg (26)

Bupivacaine 

Hydrochloride

[38396-39-3]

Anesthetic local

The UV shows a 

maximum at

262 nm with a shoulder 

at 271 nm. There is also

significant end-

absorption below 250 

nm.

Freely soluble 

in water
IV LD50 rat 6 mg/kg (27)

Warfarin

[81-81-2]
Anti-coagulant 

UV max absorption 

at 280 nm, LOD: 2.5 

μg/mL

Practically 

insoluble in 

water

Oral LD50 rat: 1600 μg/kg

Oral LD50 mice 60 mg/kg and IV 

LD50 mice 165 mg/kg (28)

*The Merck Index, 15th Edition, The Royal Society of Chemistry, 2013, pp 149-150, 264, 403, 423, 533, 726, 758, 773, 794, 849, 959, 1441, 1492, 1696 and 

1868.
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Table II: Laboratory study testing matrix. w/v is weight/volume.

Critical parameter Testing condition

Time
• Change in wash time

• Dirty hold time (16 hours)

Action • Agitated immersion

Cleaning chemistry • Use of formulated chemistry to improve cleaning efficiency

Concentration • Change in cleaning agent concentration

Temperature • Change in temperature of wash solution as needed

Water quality • De-ionized water

Surface • 304 stainless steel coupons of 7.5 x 15 cm with a 2B finish 

Soil load and condition • 10 % w/v slurry baked at 80 °C for 16 hours

Figure 1: A–C: UV absorption for controls and coupons at different application concentration of progesterone, flufenamic acid, and 

quinapril hydrochloride. (On each figure, from top to bottom, 10 μg/cm2_ctrl, 10 μg/cm2, 5 μg/cm2_ctrl, 5μg/cm2, 1 μg/cm2_ctrl, and 1 

μg/cm2).

Figure 2: Linearity curves for progesterone, flufenamic acid, and quinapril hydrochloride (HCl).

1.0

0.5

0.0

1.0

0.5

0.0

2.0

1.5

1.0

0.5

0.0

Abs

(A) (B) (C)

Abs Abs

200 200 300 400210 220 230 240 250 200 210 220 230 240 250260 270 280
nm nm nm

A
bs

or
pt

io
n

A
bs

or
pt

io
n

A
bs

or
pt

io
n

Wavelength (nm) Wavelength (nm) Wavelength (nm)

Progesterone Flufenamic Acid Quinapril Hydrochloride

ES20275_PTE0918_024.pgs  09.07.2018  17:08    UBM  blackyellowmagentacyan

http://www.pharmtech.com/


So much more than  
a clean surface

It’s not just about the products. It’s more than just a clean surface.  
Contec prides itself on its longstanding technical expertise, innovation and 

commitment to quality. Continued improvements in lean manufacturing, 
safety initiatives, vertical global integration as well as R and D, drive our 

critical environments product range forward.

To get to know Contec’s hidden depths, give us call www.contecinc.com  
on +33 (0) 2 97 4376 98 or drop us a line at infoeu@contecinc.com

http://www.contecinc.com
mailto:infoeu@contecinc.com
http://www.contecinc.com


26    Pharmaceutical Technology Europe SEPTEMBER 2018  PharmTech.com

Peer-Reviewed

terazosin hydrochloride, bupivacaine hydrochloride, and 
warfarin, all purchased from Sigma Aldrich. The critical 
parameters investigated during the cleaning-process 
design development included varying wash times, cleaning 
chemistries, cleaning agent concentration, and temperature 
(Table II). The dirty hold time (16 hours), cleaning action 
(low agitation), water quality (de-ionized), and surface 
characteristics (304 stainless-steel with a 2B finish) were 
unchanged for this study.

Analytical testing methods for surface and rinse analysis
To better detect and quantify the API residues present, fast 
and direct analytical tools with high sensitivity and specific-
ity such as spectroscopy were selected based on the nature of 
the residues and the level of information required from the 
analysis (32). Analytical techniques such as UV and FTIR 
can address these challenges in a time efficient manner.

Ultraviolet spectroscopy (UV) is an easy-to-use high-
throughput analytical tool for determining low-level 
impurities in pharmaceuticals and can be found in nearly 

all quality control (QC) labs in manufacturing facilities. 
Sample preparation is relatively simple and can be used 
for in-line analysis. UV spectrophotometry helps identify 
API residues based on absorption maxima. This article will 
demonstrate the analysis and quantification of selected API 
residues (Figures 1A–C and 2A–C).

FTIR is a nondestructive analytical technique that is 
helpful for identifying and confirming the structure of an 
API residue because it provides a complex fingerprint that 
is specific to a compound. Grazing angle reflectance FTIR 
is a sensitive method for detection of organic residues on 
metallic surfaces. It allows an analyte spectrum to be mea-
sured directly from a sample surface and can be sampled 
in the large area; however, the technique has not been well 
suited for real-time analysis of low levels of surface con-
taminants. Two different FTIR systems including benchtop 
and handheld were utilized to demonstrate the analysis and 
quantification of selected API residues (Figure 3A–F).

Laboratory cleaning study procedure (Table III). Testing was 
performed by agitated immersion at ambient temperature 

Figure 3: Benchtop Fourier-transform infrared spectroscopy (FTIR) spectra and calibration curves of progesterone (A, B), Flufenamic 

acid (C, D) and quinapril hydrochloride (E, F) on stainless-steel coupons coated with variable amount APIs.
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for up to 60 minutes. Coupons were checked in 15 minute 
increments. If clean surface was not obtained at ambient tem-
perature, temperature was increased to 45 °C and/or 60 °C. 

A coupon was clean if it was visually clean and water 
break-free, and if its pre-coating weight and post-cleaning 
weight were equal (0.0 mg residue) (30, 33).

UV rinse solution testing procedure
Preparation of coupons and control solution. API solutions of 100 
μg/g, 500 μg/g, and 1000 μg/g in methanol/water buffer (1/1 
weight/weight [w/w] ratio) were prepared. Other choice of 
solvents such as ethanol can be used. The solvent should 

completely solubilize the sample and exhibit only weak UV 
absorption or UV transparency at the measuring wave-
lengths. Approximately 0.12 mL (0.1 g) of each solution was 
applied to each of three stainless coupons (measuring 2.5 cm 
× 7.5 cm in size). The solution was applied to a spike area of 
approximately 10 cm2 of each coupon, so the applied API 
level was at 1 μg/cm2, 5 μg/cm2, and 10 μg/cm2, separately 
(Table IV). Blanks were prepared in the same way except buf-
fer was used in place of the API solution. All spiked coupons 
were dried for approximately 72 hours at ambient conditions 
on the bench. Control solutions were made by dissolving 
0.12 mL of the above solutions into 4.88 mL of methanol. 

Table III: Laboratory test. w/v is weight/volume. v/v is volume/volume. RPM is revolutions per minute.

Step Procedure

1
Dry, clean 304 stainless-steel coupons (7.5 x 15 cm size), with a 2B finish, were weighed on an analytical balance (±0.1 mg) to obtain the pre-coating 

weight.

2 Coupons were then coated with a 10% w/v slurry of the sample. The amount of residue per surface area was controlled and recorded.

3 The coated coupon was air-dried at ambient temperature until dry, at least 16 hours. 

4 The conditioned coupon was weighed on an analytical balance for a determination of pre-cleaning weight.

5

Each coupon was cleaned by agitated immersion. The 1% v/v cleaning solution (1400 mL) was placed into a 2000-mL glass beaker with a stirrer bar. 

The beaker was then placed on a digital stir plate set at 180 RPM, which creates a light vortex at the surface. The coated coupon was then placed soil 

side down into the beaker and the cleaning timer started.

6 The coupon was removed at 15-minute intervals and visually observed for cleanliness.

7 The visually clean coupon was then rinsed, on each side, with tap water for 10 seconds at a flow rate of 2 L/min.

8 Each side of coupon was rinsed with deionized water and examined for a water break-free surface.

9 After water break-free inspection the coupons were dried and then weighed on an analytical balance to determine the post-cleaning weight.

Table IV: UV analysis results for progesterone, flufenamic acid, and quinapril hydrochloride with calculation of percent 
recovery.

Progesterone
10 μg/cm2 5 μg/cm2 1 μg/cm2

Abs241nm % recovery Abs241nm % recovery Abs241nm % recovery

Coupon 1 1.144 95.7 0.591 98.3 0.253 94.4

Coupon 2 1.171 98.0 0.576 95.8 0.29 108.2

Coupon 3 1.118 93.6 0.614 102.2 0.244 91.0

Ctrl solution 1.195 - 0.601 - 0.268 -

Flufenamic acid
10 μg/cm2 5 μg/cm2 1 μg/cm2

Abs288nm % recovery Abs288nm % recovery Abs288nm % recovery

Coupon 1 1.143 82.0 0.69 98.4 0.142 102.2

Coupon 2 1.298 93.1 0.708 101.0 0.143 102.9

Coupon 3 1.174 84.2 0.609 86.9 0.138 99.3

Ctrl solution 1.394 - 0.701 - 0.139 -

Quinapril 

hydrochloride

10 μg/cm2 5 μg/cm2 1 μg/cm2

Abs208nm % recovery Abs208nm % recovery Abs208nm % recovery

Coupon 1 1.204 93.4 0.559 94.9 0.115 87.1

Coupon 2 1.256 97.4 0.587 99.7 0.12 90.9

Coupon 3 1.259 97.7 0.601 102.0 0.135 102.3

Ctrl solution 1.289 - 0.589 - 0.132 -

ABS is absorption.
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Visible residue was consistently observed on the coupon at 
1 μg/cm2 or above under standard laboratory conditions, 
which is consistent with published literature (6, 34, 35)

Rinsing coupons and rinse water analysis by UV 
measurement: each coupon was handled with forceps and 
hung on a stand above a 50-mL collection beaker. Each 
coupon was rinsed with 5 mL of methanol repeatedly at 
room temperature over a two-minute period. The methanol 
cascaded over the coupon without impingement to the 
coupon surface (36). Each rinse sample was transferred 
into 4-dram vials and capped. Samples and controls were 
analyzed along with blanks for UV measurement. A Hitachi 
UV-Visible double beam spectrophotometer U-3010 with 
matched quartz cells (1 cm) was used.

Calculation of rinse recovery is shown in Equation 1:

(percent recovery,%) =

Abs
Coupons

Abs
Ctrl solution

*100%

 [Eq. 1]

Where, AbsCtrl solution is UV absorption of the control 
solution and AbsCoupons is that of the coupon solution.

FTIR direct surface testing procedure. API solutions of 2 mg/g 
in 100% ethanol were prepared. The tested APIs were read-
ily soluble in ethanol and the ethanol evaporated quickly at 
room temperature. The solution was applied to stainless 

coupons (2.5 cm × 7.5 cm) using a Paasche double-action 
and internal-mix airbrush, and operated with a small com-
pressor and ballast tank. 

It was important that the spray nozzle was not too close 
to the substrate surface, otherwise excess material can cause 
solvent to stream off the surface causing a lack of unifor-
mity in the loading. In this study, the size of the multiple-
head was 0.64 mm and the distance from the airbrush to the 
coating surface was approximately 40 cm. As many coatings 
as necessary were applied. Each coating appeared uniform 
and dry between each spray. The coating amount was de-
termined by spray times. Blanks were prepared in the same 
way except ethanol was used in place of the APIs solution. 
All spiked coupons were dried over the weekend at ambient 
conditions on the bench. 

Grazing angle FTIR spectra were taken at an angle of 
incidence of 80 ° using an FTIR spectrometer. Spectra were 
taken after purging in dry air for at least 16 hours and were 
background-subtracted from a reference sample of freshly 
cleaned gold, under the same conditions. Spectra were run 
for 128 scans at a resolution of 2 cm-1, and each coupon was 
analyzed in triplicate at different locations. 

Handheld FTIR spectra were also taken at an angle of 80 0 
using a handheld FTIR spectrometer. The spectra were run for 
200 scans at a resolution of 4 cm-1. Three infrared (IR) spectra 
were collected on each coupon at different location, and the 
three spectra were baseline corrected and averaged. Because 

Table V: Cleaning evaluation using 1% v/v cleaning agent at ambient temperature using agitated immersion cleaning 
method. 

Condition 1: Neutral 

detergent 

Condition 2: Sodium 

hydroxide 

Condition 3: Sodium 

hydroxide-based 

detergent

Condition 4: 

Potassium hydroxide 

based detergent

Condition 5: 

Phosphoric acid 

detergent 

Atenolol Fail - WBF Fail - WBF Fail - WBF Pass - 15 min Fail - WBF

Gabapentin Fail - WBF Fail - WBF Pass - 60 min Pass - 15 min Pass - 60 min

Isoflurane Pass - 15 min Pass - 15 min Pass - 15 min Pass - 15 min Pass - 15 min

Progesterone Fail - VC/WBF Fail - VC/WBF Fail - VC/WBF Pass - 45 min Fail - VC/WBF

Felodipine Pass - 45 min Pass - 30 min Pass - 15 min Pass - 15 min Pass - 30 min

Ciclesonide Pass - 15 min Pass - 15 min Pass - 15 min Pass - 15 min Pass - 15 min

Fluticasone propionate Fail - VC/WBF Fail - VC/WBF Fail - VC/WBF Fail - VC/WBF* Fail - VC/WBF

Dexamethasone crystalline Fail - VC/WBF Fail - VC/WBF Fail - VC/WBF Fail - VC/WBF** Fail - VC/WBF

Quinapril hydrochloride Fail - VC/WBF Fail - VC/WBF Fail - VC/WBF Fail - VC/WBF*** Fail - VC/WBF

Halbetasol propionate Pass - 15 min Pass - 15 min Pass - 15 min Pass - 15 min Pass - 15 min

Flufenamic acid Pass - 15 min Pass - 15 min Pass - 15 min Pass - 15 min Pass - 15 min

Clobetasol propionate Pass - 15 min Pass - 15 min Pass - 15 min Pass - 15 min Pass - 15 min

Terazosin hydrochloride Pass - 15 min Pass - 15 min Pass - 15 min Pass - 15 min Pass - 15 min

Bupivacaine hydrochloride Fail - VC/WBF Fail - VC/WBF Fail - VC/WBF Pass - 15 min Fail - VC/WBF

Warfarin Pass - 15 min Pass - 30 min Pass - 15 min Pass - 15 min Pass - 15 min

* cleaned in 15 min at 45 °C

**cleaned in 30 min at 45 °C

***cleaned in 45 min at 45 °C

VC = visually clean, WBF = water break free, min = minutes

http://www.pharmtech.com/
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the amount of material deposited by the spray method is 
difficult to predetermine, an independent method was es-
tablished to correlate with the true loading of FTIR spectra. 
After FTIR analysis, each coupon was rinsed with a certain 
amount of methanol and quantified by UV measurement. 

Results
Laboratory cleaning study (Table V): a 10% w/v slurry of each of 
the evaluated residues was baked onto 304 stainless-steel cou-
pons at 80 °C for 16 hours. Different cleaning agents were evalu-
ated to determine the most suitable chemistry to remove the 
residues. The cleaning agents evaluated included the following:

• 1% w/v formulated neutral cleaner (Condition 1)
• 1% w/v sodium hydroxide (Condition 2)
• 1% v/v formulated cleaner containing sodium hydroxide 

(Condition 3)
• 1% v/v formulated cleaner containing potassium hydroxide 

(Condition 4)

• 1% v/v formulated acid cleaner containing phosphoric 
acid (Condition 5).

Conditions 1, 2, and 5 were not successful in cleaning 
the residue at 25 °C, 45 °C, and 60 °C for 60 minutes. Cou-
pons were checked in 15-minute increments. Failed cou-
pons had visible residue left. More residues were removed 
at the higher temperatures; however, that was not enough 
to completely clean the coupon. Formulated cleaner con-
taining potassium hydroxide was successful in cleaning 
the API residues using 1% v/v cleaning solution at ambient 
temperature. Most of the residues were cleaned at ambi-
ent temperatures; however, some of the residues required 
higher temperature of 45 °C and/or 60 °C.

UV rinse solution testing. UV-Visible spectrophotometry 
is one of the most frequently employed techniques in 
pharmaceutical analysis. This technique is simple, rapid, 
moderately specific, and applicable to small quantities of 
compounds.

Figure 4: Handheld Fourier-transform infrared spectroscopy (FTIR) spectra and calibration curves of progesterone (A, B), flufenamic 

acid (C, D), and quinapril hydrochloride (E, F) on stainless coupons coated with variable amount APIs.
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UV absorption of each control and coupon solution was 
recorded, and buffer coupon solution was used as blank 
(Figure 2A–C). Progesterone and quinapril hydrochloride 
exhibit absorption at 241 nm and 208 nm, respectively. 
Flufenamic acid exhibits three absorptions: a group of 
strong-light absorption near 210 nm, an absorption at 
288 nm, and a weaker band at 340 nm. UV absorption 
at 241 nm, 288 nm, and 208 nm were used to calculate 
recovery. On the stainless-steel coupons, the recovery values 
were found to be over 80% for all three actives (Table IV). 
These results indicate that the UV absorption method 
could be used as an analytical method to determine 
residual levels for these pharmaceutical APIs. Note, 14 of 
the 15 APIs investigated have a reported UV absorption 
value; refer to Table I.

Calibration curves were obtained in a concentration 
range from 0–200 ppm for all three APIs. Standard stock 
solutions (200 ppm) were prepared in methanol and 
were further diluted with methanol to obtain up to 0.4 
ppm solutions. The calibration curves were constructed 
by plotting absorbance versus concentration, and the 
regression equations were calculated. The response of the 
APIs was found to be linear in a certain concentration 
range for each API, and the linear correlation coefficients 
were all greater than 0.99 for all three APIs (Figure 2A–C). 
The results indicate that the residual level can be estimated 
directly from the absorption value of the rinsing solution, 
which could significantly reduce the extent of cleaning 
validation protocols.

FTIR direct surface testing. The FTIR spectrometer used in 
this research was coupled by an IR fiber-optic cable to a 
grazing-angle sampling head with a fixed incidence angle 
of 80 °. The flexible sampling head permits collection of in 
situ spectra from contaminated surfaces. 

To achieve a reliable result, the surface loading of the 
APIs should be as uniform as possible. The IR spectra of 
the coated coupons were overlaid in Figure 3. The intensity 
of all FTIR peaks increase with the added amount, indicat-
ing increase in the adsorption.

The progesterone spectrum has several specific absorption 
bands caused by different functional groups (Figure 3A). The 
carbonyl (C=O) stretching band at 1675 cm-1 is the stron-
gest absorbance band in the spectrum, which was used to 
quantify its adsorption. Figure 3B shows the results of the 
adsorption of progesterone at 1675 cm-1 as a function of the 
coating amount. A good fit between the coating amount 
and FTIR quantification was obtained. Similar results 
were obtained for adsorption of f lufenamic acid (Figure 3C 
and 3D) and quinapril hydrochloride (Figure 3E and 3F) on 
stainless-steel coupons. A handheld FTIR equipped with a 
grazing-angle sampling accessory was also used to investi-
gate those coupons (Figure 4). The carbonyl band was used 
for each model as the quantitative band. Peak intensity was 
measured for each averaged spectrum. A linear regression 

was computed for each API (R2 is >0.90 for all three mod-
els). For both FTIR measurements, the absorbance spec-
tra were found to be linearly correlated with the coating 
amount of APIs (Figure 5), which demonstrate the efficacy 
of using a handheld FTIR spectrometry method in clean-
ing validation of pharmaceutical manufacturing equip-
ment. This technique delivers accurate, selective surface 
contamination information in real time to complement 
current methods and reduce downtime.

Conclusion 
Cleaning validation ensures that execution of a standard 
cleaning procedure consistently delivers a surface which 
meets pre-established acceptance criteria for cleanliness. 
A risk-based approach to surface cleanliness incorporates 
cleanability of the equipment through good engineering 
design, coverage testing, coupon cleaning trials, surface 
sampling, visual inspection, and rinse water analysis as 
part of the design and qualification stages of the clean-
ing validation life cycle approach. This article focused on 

Figure 5: Comparison between benchtop and handheld 

Fourier-transform infrared spectroscopy (FTIR) calibration 

curves of progesterone (A), flufenamic acid (B), and quinapril 

hydrochloride (C).
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using a direct surface sampling technique (portable FTIR) 
combined with visual inspection of different APIs to en-
sure surface cleanliness. The use of direct surface sam-
pling techniques could eliminate swab sampling during 
routine monitoring or future qualification work with select 
equipment or tanks. The article also included UV moni-
toring of the rinse solution for residual APIs. The use of 
an in-line analytical technique provides an opportunity 
for continuous monitoring of the final rinse solutions and 
possibly the wash or post-wash rinses. The incorporation 
of in-line monitoring of the cleaning process enables future 
efficiency improvements to the cleaning process as well as 
real-time continuous monitoring of the cleaning process.
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As medicines shift from one-size-fits-all treatments to personalized 

and small-batch drugs for rare diseases, the fill/finish industry 

is modernizing to address changing manufacturing needs. Parallel 

pressures to rapidly advance drugs while reducing cost and 

maintaining sterility assurance and high safety standards are 

accelerating the pace of change (1–4).

While switching to single-use technologies and adopting automation 

may not appear to be major changes, at the fill/finish stage of drug 

development—the final step of packaging before the drug moves 

into patients—there is a need to develop and adapt, but no room for 

error. Beyond the top priority of patient safety, there’s the matter of 

clinical success. By the time therapies reach fill/finish, pharmaceutical 

companies have already spent millions of dollars to advance their 

drug. A milestone payment or ability to raise the next round of venture 

capital frequently hinges on this step. For many startups, it is all or 

nothing. 

Even for companies with ample funding, mistakes at the fill/finish 

step can directly impact their bottom line. Major pharma companies 

aren’t immune to challenges: in February 2018, safety violations found 

at a large pharmaceutical company’s fill/finish facility delayed a key 

drug approval by more than a year, allowing a competitor to get to 

market first and reap first-mover sales (5). 

Given these high stakes, fill/finish manufacturing is a notoriously 

risk-averse industry. In this context, today’s changes are even more 

remarkable. In fact, we’ve never seen such rapid changes in the 

industry. This is an exciting time for the field, and modernizations that 

help reduce costs, speed development, and increase product safety 

will ultimately benefit patients.

Product diversity increases  
Multiple macro trends are converging 

to drive industry change. First, the 

quantity and diversity of drugs in 

clinical development are rising—in 

general, the number of new drugs 

approved by the US Food and Drug 

Administration (FDA) is rising (see 

Figure 1), and the diversity of drugs 

in development is increasing as 

well. A report by Pharmaceutical 

Research and Manufacturers of 

America (PhRMA) detailing the 

biopharmaceutical pipeline as of 

August 2016 found 9500 projects 

in clinical development, of which 

822 were covered by an orphan 

drug designation awarded by FDA 

(diseases affecting 200,000 or fewer 

patients in the United States) (6). 

A significant number of projects 

involved biologics, including 731 cell 

or gene therapies, 173 DNA or RNA 

therapeutics, and 188 conjugated 

monoclonal antibodies (6). 

Individualized therapies are also 

on the rise: for the past three years, 

more than 20% of the new molecular 

entities approved by FDA were 

classified as personalized medicines 

(7–9). In 2017, a record-breaking 16 

personalized therapies were FDA 

approved (10). These trends are 

mirrored in European drug approvals. 

In 2017, of the 92 new medicines 

recommended for approval by the 

European Medicines Agency (EMA), 

nearly 40%, or 35 medicines, were 

new active substances (11).

Pharmaceutical industry growth 

is also expected in the Asia Pacific 

region. Of particular interest is 

China, potentially the second-largest 

pharma market in the world. While 

historically only a third of FDA-

approved medicines were available 

in China, the country’s government 

is fundamentally changing drug 

development to close this gap. 

Changes include acceptance of 

foreign clinical trial data, paperwork 

reduction, and streamlining clinical 

trials and will support product 

development and commercialization, 

increasing the need for fill/finish 

technologies (12). 

As a result, the fill/finish industry 

is experiencing a need for highly 

flexible manufacturing equipment. 

Small-batch products are on the 
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rise, requiring automated systems 

that can robustly handle frequent 

product shifts. In response to these 

pressures, single-use technologies, 

automated systems, robotics, and 

modular technologies are increasingly 

adopted. The historically risk-averse 

fill/finish industry is embracing 

change (1–4).

Shifting to single-use 
technologies 
While stainless-steel systems have 

been used for decades in clinical fill/

finish manufacturing, the equipment 

is expensive to install and qualify and 

requires dedicated cleaning methods 

with associated time and expense. 

Resistance to change, however, is 

now overcome by market demands. 

It can be simpler to use and dispose 

than developing and/or improving 

cleaning methods (13–15).

Single-use technologies eliminate 

between-batch cleaning time, 

shortening turnover times, increasing 

capacity, and reducing costs (13–15). 

It is estimated that the total time 

saved using disposables ranges from 

four months to more than a year (16).

Additionally, disposable products 

remove risk of cleaning deficiency, 

Figure 1: In general, the number of drugs approved by the US Food 

and Drug Administration is trending upwards. Source: FDA (7–9).
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enabling multiple products to be 

manufactured in the same plant 

with rapid turnaround (13–15). 

Higher-potency products are also 

on the rise, with approximately 25% 

of new chemical entities (NCEs) in 

development deemed “potent” (17). 

Disposables significantly reduce 

the risk of cross contamination in a 

multi-product facility, an area of high 

regulatory scrutiny (13–15). 

In contrast to stainless-steel 

systems, which are expensive to 

modify, manufacturing changes are 

much more cost efficient to implement 

with single-use technologies. This 

flexibility is particularly beneficial 

for customers at the early stages of 

development, when future adjustments 

are likely (18).

AMRI, for example, has adopted 

multiple single-use disposables, 

including single-use glass, or ultra-

low-density polyethylene (uLDPE) 

formulation and filling vessels, 

pre-assembled, irradiated filters 

and filling lines, and single-use 

isolators for operator protection to 

minimize the potential for product 

contamination. These risk reductions 

have been viewed favourably by 

external auditors and regulatory 

agencies, allowing auditors to quickly 

move beyond a focus on fill/finish, 

which, prior to the development of 

single-use systems, was an area of 

significant regulatory scrutiny (20). 

In addition to regulatory advantages, 

single-use disposables offer rapid 

process turnover and increasing 

capacity utilization.

It is important to note that 

single-use systems do not present 

a foolproof solution; risks are not 

eliminated with such technologies. 

Employee training remains critical in 

regard to successfully implementing 

sterility assurance management as 

well as from a safety perspective, 

particularly as increasing numbers of 

potent drugs are progressed to clinic.

Automating fill/finish 
Automation has disrupted 

the banking, travel, and auto 

industries, and has reached fill/

finish manufacturing. While data 

may support the manual fill/finish 

process’ ability to control sterility 

assurance, automation and fully 

closed systems’ ability to further 

lower risk and reduce risk to 

operators is highly attractive (21). 

Indeed, FDA has cited automation 

as key for improving operator 

safety, reducing human errors, and 

improving drug quality (20). In 2016, 

an estimated 40% of fill/finish tasks 

were automated (see Figure 2). 

Introducing an automated filling 

with closed restricted access barrier 

system (cRABS) (see Figure 3) within 

an existing cleanroom facility allows 

one to focus  on developing modular 

single-use systems, including isolator 

containment, to maximize product 

diversity and expedite process 

turnaround. Vendor relationships 

and qualification are crucial to this 

philosophy and, when established, 

allow technical teams to focus on 

maximizing throughput, including key 

internal sterilization processes for 

filling lines and cleanroom suites. 

cRABS delivers the sterility 

assurance levels required by 

regulators while allowing for swift 

changeover from product to product. 

Automated filling systems within 

Figure 3: Restricted access barrier systems (RABS) remove 

humans from the cleanroom sterile core.

Modular systems enable 
plug-and-play capabilities.

Figure 2: As of 2016, an estimated 40% of fill/finish tasks were 

automated. Source: BioPharm International (19).

Automated Not Automated

2016 percentage of automated tasks
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barrier systems and format-free 

robotics have the major advantage 

of removing humans from cleanroom 

sterile core, thereby eliminating the 

primary source of environmental 

contamination (22). Automation also 

provides safety benefits for workers, 

protecting operators from potential 

exposure to potent products.  

Robotics technology offers the 

opportunity for operator free, 

isolator-based processing of highly 

potent, small-volume parenterals 

with 100% in-process control (IPC), 

maximizing safety and sterility 

assurance and minimizing product 

loss. They bring flexibility in 

supporting multiple container types 

with limited or no change parts (23).  

Ideally, an automated fill/finish 

system is designed and built within a 

new cleanroom facility; however, often 

it is the case that existing facilities 

are upgraded/retrofitted. Designing 

from scratch gives the freedom to 

achieve optimum process flows 

and minimize space utilization, an 

important factor in considering the 

build and regular running costs of an 

aseptic facility. In upgrading, process 

flows may need to be adapted and, 

while not compromising sterility 

assurance, may require focused 

training and monitoring. Routine 

aseptic interventions change from 

manual filling/stoppering to transfer 

processes and machine assembly. 

Risk is reduced; however, training and 

routine qualification remain critical to a 

robust process.  

Essentially, while automation and 

robotics inevitably reduces direct 

operator involvement and headcount, 

there will still be a need for human 

involvement to appropriately qualify 

processes and maintain and trouble 

shoot any equipment issues. 

Mix-and-match 
modular systems 
In seeking maximum flexibility to 

support diverse product scales 

and allow rapid turnaround in 

production batches, modular 

systems are highly attractive and 

work well with automated systems 

and robotics. Modular systems 

enable plug-and-play capabilities, 

including switching out filling lanes, 

bags, or filters with universal sterile 

connections. 

This ability allows significant 

scalability, providing companies with 

the ability to smoothly execute fill/

finish on batch sizes ranging from 

less than 500 mL up to more than 

100 liters. These rapid access flexible 

systems reduce impact on operator 

safety, which is particularly important 

with today’s highly potent APIs.

[W]hile automation ... 
inevitably reduces direct 
operator involvement ... 
there will still be a need 
for human involvement. 

Vendor selection critical 
Nearly 40% of fill/finish operations 

are outsourced (19). As the industry 

adjusts to meet the changing 

needs of biopharmaceutical drug 

development—including smaller batch 

sizes, desire to lower costs, and speed 

time to market—fill/finish providers 

that can offer technologies to address 

these needs will be in demand (1–4). 

In addition to meeting technical 

requirements, an often-overlooked 

criterion during vendor selection is 

cultural fit. Relationships with fill/

finish manufacturers will last for 

years—potentially from preclinical 

development to commercialization—

so it is crucial to find a partner 

who delivers technically and with 

flexibility, but whose style and 

approach aligns with yours. 

With a solutions-oriented, culturally 

aligned partner offering modern 

solutions for the fill/finish process, 

you will be well positioned to bring 

ultra-safe products to market as 

quickly and cost efficiently as 

possible. It is part of the goal we 

share to bring safe medicines to 

patients faster and more efficiently. 
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In July 2018, The Tufts Center for Drug Development released a 

report (1), which found that more complex clinical trial protocols 

are driving up clinical trial costs. Examining 9737 protocols from 

178 global pharmaceutical and biotechnology companies, Tufts 

researchers found that Phase III trials have seen the greatest increase 

in complexity over the past 10 years, while companies are collecting 

data on 86% more endpoints than they did last decade, necessitating 

new procedures.  In addition, Tufts found, between the four-year 

periods 2001–2005 and 2011–2015, pharmaceutical manufacturers 

doubled the number of countries involved in clinical trials, and 

increased the number of Phase III support sites by 63%.

For operating companies and their contract partners, whether 

contract development and manufacturing or contract research 

organizations (CDMOs or CROs), the increased complexity has posed 

some serious challenges. Impacts are being felt on the manufacturing 

and operations side, which, according to some recent estimates, 

already account for 20% of all clinical trial costs, or some €25.7 billion

(US$ 30 billion) per year (2). 

Manufacturing has seen increased protocol complexity in terms 

of risk mitigation (i.e., in the way that studies are being designed), 

as phases are combined, or change in midstream based on interim 

results. This approach requires far more focus on upfront planning 

than traditional study design did. “Maintaining the flexibility and agility 

needed to react to changing clinical protocols is a very real challenge,” 

says Mark Lewis, Alcami site director of Wilmington Drug Product 

Manufacturing Operations.

“Client requirements in early phase studies often evolve based on 

clinical results. This frequently means redevelopment or expansion 

of the dosage range covered by manufacturing,” says Lewis, “And our 

ability to respond to changes that 

benefit the patient is critical.” Any 

shortages of investigational medicinal 

products (IMPs) (i.e.,therapies used 

in clinical trials) or other delays can 

affect results of a trial and lead to 

financial losses of €0.86 million (US$ 1 

million) per day (2).

Personalized medicine’s role
Driving much of this change is the 

move to personalized medicine, says 

Andrea Zobel, senior director of product 

management, clinical trial supplies 

and logistics, for PAREXEL. Replacing 

the “one-drug-fits-all” model are 

individual preparations and dosages, 

and patient-specific drugs in autologous 

therapies. Consequently, patient 

numbers per batch are decreasing, 

and manufacturing must be flexible for 

products with short shelf-lives. 

In addition, Zobel says, clinical 

materials are being manufactured 

closer to the clinical site, and the 

timelines for GMP quality processes 

are being shortened and automated. 

“Manufacturing sites with partial 

automation to produce hundreds or 

thousands of packages are no longer 

required. Instead, manufacturing 

sites with many parallel workstations 

are needed to produce many small 

batches continuously,” she says. 

She cites an example of 

a pharmaceutical company 

whose focus has shifted from 

cardiovascular therapies to oncology 

drugs. “In oncology today, the 

majority of innovative drugs are 

biopharmaceuticals with short shelf-

lives and requirements for cooled 

or frozen storage and distribution. 

Therefore, the decoupling point 

when a drug package is made to be 

trial-specific should be as late as 

possible,” she says.

Currently, Zobel explains, the 

manufacturing site for clinical supply 

of all global studies is comparably 

small, with approximately 20 different 

labelling/packaging rooms. These 

rooms are continuously producing 

clinical trial medications for many 

parallel trials with various treatment 

arms.  The most advanced process 

is “manufacturing on-demand,” 

an approach in which the IMP kit 

is labelled just-in-time for when 

the shipment request for a site is 

generated by an IRT system. 

Agnes Shanley

Increasingly complex trial protocols have 

added to IMP manufacturing challenges.

Clinical 
Manufacturing: 
Clearing 
Higher Hurdles
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While the process itself can be supported by technical 

solutions such as label printing on demand, label work 

stations connected to IRT systems, and decentralized 

manufacturing sites with standardized equipment, 

GMP-compliant quality controls and releases remain a 

challenge. 

Again, technical solutions can help to give the quality 

managers the required oversight and documentation to 

enable even remote releases (e.g., in-process-controls 

using bar-coded components), which are tracked in an 

electronic release system and can replace the paper 

based and visual checks, she says. 

Additionally, the regulations must be adapted for some 

new therapies, especially cell and gene therapies, which 

are prepared individually for single or small groups of 

patients and cannot comply with the traditional quality 

and analytical process steps. Regulations such as the 

EU guidelines on GMP for Advanced Therapy Medicinal 

Products (ATMPs) address these new requirements, says 

Zobel.

Technical solutions
Interactive response technology (IRT), including 

interactive voice response (IVR) software, first appeared 

on the scene about 20 years ago to help sponsors 

and contract partners better respond to clinical trial 

complexity. The software aims to help users manage 

increased randomization and complexity, and help ensure 

that drugs are distributed to trial sites and dispensed to 

patients correctly.  

Cenduit, for instance, was launched in 2007 as a joint 

venture between Fisher Clinical Services (now Thermo 

Fisher Scientific) and Quintiles (now IQVIA) to help 

address these problems.  Since that time, eClinical IT 

systems have been developed, and IRT programmes are 

interfacing with electronic data capture (EDC) systems 

and distribution systems, and with lab systems or 

electronic clinical outcome assessment (eCOA) tools to 

improve clinical trial manufacturing and operations. Still, 

it is up to sponsors to ensure that data are adequate 

and properly interpreted to optimize inventory levels 

and delivery times. “Complex study protocols with 

dose changes, re-randomization, and dynamic design 

updates are much harder to plan for with regards to how 

much drug is needed. Initial planning needs to be done 

based on numerous assumptions, and it’s important 

to continuously fine tune the forecast of drug needs 

during the study based on actual data. This increases 

planning certainty and accuracy and allows a reduction 

in expensive overages,” according to Stefan Dürr, senior 

director of client delivery and head of Cenduit’s Drug 

Supply Center of Excellence. 

Importance of planning
Anticipating the impacts of clinical trial protocol changes 

means that manufacturers face moving targets. Often, 

manufacturing and packaging must start even before 

study portfolios are finalized, says Dürr. 

As a result, sponsors often gear manufacturing 

to worst-case scenarios to ensure adequate 

supplies, but the result is wastage, and, with costly 

biopharmaceuticals, in particular, the economic impact 

can be high. In reviews of more than 200 clinical trials, 

Cenduit has found that 65% of the clinical supplies 

packaged for those trials were not used at the end of the 

study. 

Some manufacturers are using modelling tools to help 

improve initial project planning. Used with IRT, simulating 

for forecasting and management offers insights into 

study designs and supply strategies that allow avoidance 

of excess inventory and optimize overage, considering 

possible delays in shipping (e.g., customs), says Vince 

Santa Maria, vice-president of worldwide clinical trial 

material and depot operations at PAREXEL.

Simulation, with IRT, can also be done during a study, 

using actual study IRT data to help mitigate issues along 

the way as well as up front, says Santa Maria.  “In such 

cases, overages are discussed with the sponsor early on 

during the setup phase of a study to establish an optimal 

approach later on. Risk mitigation strategies and suitable 

potential remediation can also be discussed at length 

during simulation to assure for proper planning upfront 

before issues occur, as well as over the lifetime of the 

study as patterns emerge,” he says. 

Software such as Bioclinica’s Monte Carlo simulation 

software, Optimizer, can be used to develop different 

forecasting and supply scenarios, based on how the 

studies might be run. In addition, contract services 

providers are becoming creative in setting up and 
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maintaining the IRT’s resupply 

module, says Melissa Peirsel, 

Manager of IRT Services at Sharp 

Clinical Services. “Resupply has never 

been a ‘set-it and forget it’ portion 

of a clinical study, where we could 

once set the resupply parameters for 

the entire study based on where the 

study was with recruitment, we are 

now finding that the system needs to 

have specific resupply settings for the 

demand at each site.” When it comes 

to global trials, she says, there is a 

growing requirement for ancillaries to 

be sourced locally. 

“We have also been seeing a trend 

where there are more kit types, but 

less supply available to support the 

trial. This places a demand on the IRT 

system to have just the right amount 

of trial materials on site without 

causing insufficient inventory errors 

or overstocking a site that will never 

use the supply. Some sponsors are 

resorting to site-to-site transfers of 

materials and evaluating returned 

unused materials for redistribution to 

other study sites, Peirsel says.

More data sharing
Planning relies on sharing data more 

effectively, and more sponsors are 

partnering with contract partners 

to ensure that clinical supplies are 

delivered on time and in full. In 

addition to simulation tools, Santa 

Maria sees a move to greater use 

of just-in-time (JIT) labelling, in 

which medication is initially labelled 

without protocol or country- specific 

information, without a batch number 

or expiry date, and with the minimal 

information to ensure correct picking 

against a shipment request. Complete 

regulatory-compliant labelling is 

then performed as close in time to 

shipment to the site as possible. 

Final packaging, labelling, release, 

and shipment are performed within 

48 hours of receipt of trial/country/

patient specific shipment request. 

IRT can also help prevent quality 

issues, says Dürr, by creating the 

kit list required for labelling and 

excluding expiry dates from the 

label if it is controlled by IRT. “This 

approach can reduce drug wastage 

and remove the requirement to 

relabel drugs at depots and sites if 

stability allows to extend the expiry 

date,” he says.

Through collection of additional 

data, the risk of patients taking a 

therapy after its expiration date could 

be reduced even further, Dürr notes. 

For example, sites could scan the 

kit number prior to dispensing and 

when the patient returns the drug, so 

that IRT can check that the drug was 

indeed returned prior to the expiry 

date, and send alerts in case there is 

a drug with the patient that is going 

to expire soon.

Returns management
Within the past five years, returns 

management, or the need to return 

unused experimental treatments, 

has become more of an issue. 

Compliance requires closer 

connections between partners and 

sponsors, says Lewis, and companies 

are recording data and functionality 

into their IRT systems.  

Even though returns and 

destruction of unused IMPs are 

required, and part of all good 

clinical practice (GCP) and GMP 

regulations, follow through is often 

an issue in clinical trials, says 

Zobel. “Processes are often not 

described in enough detail during 

study set-up; training is often not 

sufficient; and responsibilities 

are often not assigned,” she says. 

Zobel believes that the upcoming 

EU Regulation (EU) No 536/2 (3) will 

add additional complexity when 

the tracking and documentation is 

expanded to used and unused IMPs 

and auxiliary products. However, 

she notes, new requirements 

will also improve clarity because 

they will require description 

in the protocol of the specific 

arrangements that will be used for 

tracing, storing, destroying, and 

returning IMPs.

The reverse supply chain
Although the clinical site is initially 

planned to be where the IMP is 

destroyed, many trials’ country 

regulations and site capabilities 

often require a reverse supply 

chain with return shipments to 

certified destruction facilities in the 

same or other countries. Sponsors 

must consider carefully whether a 

network of local depots or a central 

hub will be the best and cost-

effective solution, Zobel says. 

Recently, IRT systems are being 

used to handle reverse logistics (e.g., 

with reports of used or unused IMPs 

and automated return shipment 

requests), says Zobel. These 

systems also support clinical site 

accountability. “Applying barcodes 

on IMP packages, instead of reading 

and entering kit numbers, allows 

packages to be scanned and tracked 

automatically and reduces workloads 

for clinical staff while improving data 

quality,” she says.

Ensuring cold chain performance 

has become essential to ensuring 

patient safety, says Santa Maria. 

Close integration between IRT and 

distribution systems is essential to 

enable manufacturers to manage 

supply risks faster and ensure there 

are no site stock outs, says Dürr.  

Thorough testing is required to 

ensure that IMPs are kept at the right 

temperature, not just in transit but 

also during storage.   

The move away from traditional 

trial models to direct-to-patient (DTP) 

approaches is also complicating 

clinical trial operations.  Although 

this newer approach may make 

logistics more complex and costly, it 

will reduce inventory requirements 

at clinical trial sites, make trials more 

patient-centered, and reduce overall 

IMP oversupply, says Dürr. 

The new DTP models will also move 

manufacturing to the pharmacy level, 

says Zobel. At this point, CMOs are 

only licensed in a few countries to 

handle this type of manufacturing 

and have a licensed pharmacist 

available to dispense medication 

directly to patients. In addition, most 

pharmacies have no GMP licenses 

for IMP primary and secondary 

packaging, she says. 

Dealing with complexity
As the move to personalized 

therapies and DTP models continues, 

clinical trial complexity will remain a 

“given” for drug manufacturers.  IRT 

will continue to play an important 

role in ensuring continuity of clinical 

trial supply to sites, while minimizing 

wastage, predicts Tim Gilbert, senior 

director of product management, 

randomization, and trial supply 

management at PAREXEL. 

Contin. on page 51
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The biopharmaceutical industry can no longer afford to design and 

build manufacturing capacity as a major part of the critical path for 

launching and supplying products by waiting to define the process and 

capacity requirements before making the decision to develop or build 

commercial manufacturing capacity. This two-part article describes 

how a facility layout composed of multi-functional cleanrooms can be 

used to both develop and launch new products from a pipeline (Part I) 

as well as support large-scale commercial manufacturing (Part II) (1). 

The layout strategy leverages moveable equipment using single-use 

component technologies to provide agile flexibility. The approach uses 

large numbers of segregated, multi-functional cleanrooms that can 

be quickly adapted, configured, integrated, operated, and redeployed 

as necessary to satisfy a wide variety of complex manufacturing 

requirements.

 A product’s manufacturing capacity, from clinical testing through 

early commercial supply, can grow and contract for many reasons that 

are difficult to predict. Many initiatives have attempted to speed up 

the creation of manufacturing capacity to satisfy specific production 

requirements. These efforts, however, have had minimal impact on 

the overall time required to plan, design, build, start-up, and validate 

new manufacturing capacity. Without a significant change in the 

approach, access to manufacturing capacity will remain an expensive, 

time-consuming obstacle to launching and supplying new products. 

Biopharmaceutical manufacturing’s challenges can be summarized as:

• Market uncertainty: Accurately predicting capacity requirements 

for biopharmaceuticals, particularly those associated with 

changing patient requirements and market penetration over the 

product’s lifecycle from clinical testing to inventory building and 

long-term market supply, is almost impossible. 

• Process evolution: Continuing 

process evolution will result 

in significantly smaller, more 

efficient processes that will 

stimulate both internal and 

competitive biosimilar products 

for reducing product costs and 

increasing capacity. These process 

advances include continuous 

manufacturing in the form of 

perfusion and highly concentrated 

fed batch bioreactors, high cycle 

rate, and simulated moving bed 

chromatography, etc. Systems 

biology and specialized synthetic, 

purpose-built cell lines may 

also result in significant process 

changes in the future that require 

greater flexibility for running and 

adapting to new process scales, 

strategies, and configurations.

• New product development: 

By using the same facility and 

dedicated critical personnel, 

tech transfer can be minimized, 

if not eliminated, thus increasing 

the likelihood of consistently 

high-quality products and 

lifecycle comparability. Such an 

approach is especially important 

for products that must be 

immediately approved using an 

Emergency Use Authorization 

(EUA) to remediate pandemic and 

bioterrorism threats (2). 

• Expedited product review: 

The industry’s need for 

more efficient and flexible 

manufacturing capacity is 

significantly impacted by the US 

Food and Drug Administration’s 

guidance, Expedited Programs 

for Serious Conditions–Drugs & 

Biologics, which uses surrogate 

and intermediate therapeutic 

endpoints to accelerate the 

approval of breakthrough 

products (3). The guidance 

impacts manufacturing in the 

following ways:

a) Places clinical manufacturing 

capacity on or near the product’s 

development critical path by 

significantly increasing the rate 

products can be developed, 

clinically tested, approved, and 

launched. 

b) Increases the urgency and 

risks of planning commercial 

manufacturing capacity 
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A matrix of multi-functional cleanrooms can meet the capacity

challenges of both supplying clinical trials and launching products.

Multi-Purpose 
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by stating: “When sponsor 

receives an expedited drug 

development designation, they 

should be prepared to propose 

a commercial manufacturing 

programme that will ensure 

availability of quality product at 

the time of approval” (3).

c) Increases business risks because 

the products are approved based 

on intermediate endpoints. If long-

term safety or efficacy concerns 

occur during post-marketing 

confirmatory monitoring, the 

product may be withdrawn or 

sales significantly restricted. 

The next generation of 

biopharmaceutical facilities must 

go beyond multiproduct to true 

multi-purpose capabilities. By 

facilitating the rapid scale up and, if 

necessary, scale-out of a process, 

the multi-purpose facility can be 

used for clinical testing, product 

launch, inventory building, and 

long-term commercial supply. 

Such flexibility requires facilities 

designed to be easily adapted to the 

changing manufacturing needs of a 

product’s process without facility 

modifications. These facilities must 

also be adaptable to many different 

types of processes as well as able 

to quickly add or remove support 

services, such as media and buffer 

preparation, based on the needs of 

the processes. 

This article describes a new type 

of highly flexible, multi-purpose 

manufacturing facility layout using a 

matrix of multi-functional operating 

rooms that can be adapted and used 

to operate a wide variety of different 

processes at different scales without 

changes to the layout. Processes 

could even include final filling of 

small-volume or time-sensitive 

cellular products using movable, self-

contained work-cell isolator systems 

with ready-to-use components. 

Most importantly, processes can be 

added, modified, or removed without 

impacting ongoing operation of other 

processes currently in the facility. 

Layout concept
Figure 1 shows a basic layout of 

three arms (A, B, C) divided into 

six non-dedicated cleanrooms (1 

thru 6) per arm. The size of the 

18-cleanroom operating core is 

approximately 23,500 ft2. Depending 

on the projected size of the pipeline 

and its estimated manufacturing 

requirements, the facility’s initial 

capabilities can be increased or 

decreased by changing the number 

of arms or the number of cleanrooms 

per arm during the design. Each 

process placed into the facility 

shown in Figure 1 uses only enough 

cleanrooms to operate the process. 

The remaining areas are available for 

other products or process activities.

The cleanrooms are connected by 

interlocking primary and out corridors 

supporting both bi- and uni-directional 

flows of equipment, material, and 

personnel. The layout is a mixture 

of Grade C and D areas with some 

adjacent rooms having removable 

walls to support larger equipment and 

material space requirements. 

For introducing a new process, 

equipment is staged in the equipment 

preparation area located in the 

lower right of Figure 1 and moved 

through the primary corridors to the 

selected operating area. For small-

scale processes, raw materials and 

components are supplied to the 

operating areas by totes and carts 

via the primary corridor. Transfer 

of in-process materials is achieved 

using totes via the primary corridor. 

Under normal conditions, personnel 

movement is controlled using 

bidirectional flow via the primary 

corridor. Waste material, used 

components, and equipment are 

removed using unidirectional flow 

via the out corridor. A utility floor 

above the operating core contains 

the heating, ventilation, and air-

conditioning systems; utility access 

(including water for injection, air, etc.); 

as well as closed, stainless-steel piping 

inter-area connections, if needed. 

The facility’s flexibility comes 

from each of the 18 multi-functional 

cleanroom’s ability to accommodate 

nearly any of the various process or 

support elements required to operate 

a process. Because of the separation 

provided by the many multi-functional 

areas, the process can be placed 

within the layout in a wide variety 

of configurations based on available 

adjacencies and product priorities. 

Recent developments in single-use 

systems (SUS) make it easy to move 

and setup the process equipment in 

the assigned cleanrooms, operate 

them, and then remove or relocate 

the equipment when the product’s 

campaign is complete. 

Figure 1: Multi-purpose facility. Layout of 18 multi-functional 

cleanrooms in three arms (A, B, C) with each arm having six 

operating areas (1 – 6).
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The following example process 

demonstrates how a variety of 

manufacturing processes can be 

organized and controlled for insertion, 

operation, rearrangement, or removal 

from the layout. The example process 

represents a wide variety of possible 

processes for manufacturing proteins, 

nucleic acids, cells, or vaccines.

Example process
The process shown in Figure 2 

is a typical monoclonal antibody 

(mAb) process composed of 11 

unit operations (UOs) divided into 

four logical operating units (LOUs). 

LOUs are groups of UOs that can 

or should be operated together for 

operational convenience or inter-UO 

connectivity. All process UOs for 

manufacturing any product can be 

grouped into LOUs. The LOUs are 

then appropriately located within 

the layout depending on available 

inter-LOU connectivity options and 

various risk factors associated 

with each process step, equipment 

sizes, and various operational 

considerations such as pre- and post-

viral removal steps. 

To demonstrate the facility’s 

flexibility, the example process is 

operated at scales ranging from 250 

L to 2000 L single-use bioreactors 

(SUBs). In addition, the facility 

is adapted to support different 

operating rates and campaign 

lengths by adding the necessary 

support resources. The flexibility and 

Figure 2: The 11 unit operations (UOs) of the example monoclonal antibody (mAb) process divided 

into four logical operating units (LOUs). Process UOs may be redistributed and support LOUs 

added as needed. SUB is single-use bioreactor.

Figure 3: Logical operating units (LOUs) for three different scales of the example monoclonal antibody 

process for placement into the multi-functional operating areas. Process sequence shown in Figure 2. Unit 

operations for Phase III/launch process are redistributed as appropriate. SUB is single-use bioreactor.
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adaptability of the multi-functional 

areas allows for support resources to 

be added and removed as necessary 

to meet product development 

priorities and optimize the overall 

facility’s utilization rate. This ability is 

particularly important for intensified 

processes that require large amounts 

of media and buffers. 

A possible portfolio of process 

scales, which also represents a likely 

scale-up sequence for developing 

a new MAb product, is shown in 

Figure 3. 

A true multi-purpose facility should 

be able to run many small Phase 

I processes, several medium-size 

Phase II processes, and a larger-scale 

Phase III process when needed. To 

demonstrate full functionality of the 

multi-purpose facility concept, a high 

volume, commercial-scale process is 

described in Part II of this article (2).

Operating the 
multi-purpose facility
One possible process arrangement of 

the three processes in Figure 3 are 

shown in Figure 4. The placement of 

the LOUs within the facility is likely 

based on the availability of areas 

as they are cleared by the removal 

of previous processes. Although 

the LOUs for the 500-L SUB, Phase 

II process appears disjointed, raw 

materials and in-process materials 

for short clinical manufacturing 

campaigns can be easily transferred 

via the B C primary corridor. For 

long or intense campaigns, the 

process can be rearranged within the 

facility as operating areas become 

available to provide more convenient 

adjacencies for inter-LOU transfer 

of in-process materials. If the 250-L 

process in Arm A is removed, the 

500-L process can be moved to Arm 

A to provide more efficient room 

adjacencies.

The 2000-L SUB Phase III/Launch 

process is shown in Arms B and 

C along with the 500-L SUB Phase 

II process. The Phase III/Launch 

process is initiated in Area B1 

and proceeds through upstream 

operation in Areas C2 and B3, then 

to the downstream areas in C4 

thru C6. In-process materials can 

be transferred directly through 

appropriate adjacencies or totes via 

the B C primary corridor. For longer, 

more intense campaigns, in-process 

material can be transferred via 

stainless-steel tubing from Areas 

B3 (SUB-N) to C4 (Harvest). Other 

UO/LOU combinations are possible 

depending on area availability, in 

process volumes, and equipment 

requirements. In Part II of this 

article, the same layout will be used 

to operate a larger-scale process 

necessary to supply commercial 

markets. 

Conclusion
The biopharmaceutical industry’s 

greatest contribution to patients 

is to rapidly and efficiently 

develop and quickly supply new, 

high-quality biopharmaceuticals. 

Regulatory agencies continue to 

do much to expedite the approval 

of important new therapies. The 

biopharmaceutical industry must 

complement these regulatory 

initiatives by creating a new class 

of manufacturing facilities capable 

of taking clinical and launch 

manufacturing off the critical 

path of bringing new products to 

patients. Manufacturing these 

complex products through the 

development lifecycle requires 

immediately available and qualified 

manufacturing facilities that can 

handle a wide range of processes. 

These facilities, using modern 

single-use systems in moveable 

equipment within appropriately 

controlled multi-functional 

cleanrooms, are capable of quickly 

adapting and accomplishing the 

required manufacturing challenges. 

While processes and products 

will come and go, a flexible multi-

purpose facility that can be readily 

adapted to different processes will 

essentially remain the same. Only 

existing, operationally ready facilities 

flexible enough to manufacture 

whatever is required with minimal 

or no modifications can efficiently 

fulfill the industry’s future product 

development challenges.
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The removal of the general testing text in the European 

Pharmacopoeia (Ph. Eur.) 2.4.8 and the deletion of the United 

States Pharmacopeia (USP) Chapter <231> have extensive regulatory 

impact for drug product marketing license holders, as the historical 

practice for registered specifications for many non-compendial 

materials, drug substances, and drug products has been consistent 

inclusion of these tests. Although the data collected industry-wide 

towards compilation of International Council for Harmonization 

(ICH) Q3D prescribed risk assessments convincingly demonstrates 

elemental impurities to be well-controlled without addition of more 

quantitative modern assay techniques, these outdated compendial 

tests are in most cases still being performed to remain compliant to 

marketing licenses in markets where an annual reporting mechanism 

to implement stop-testing without approval doesn’t exist. In such 

markets, it remains unclear how industry should approach the 

regulatory updates of these non-compendial specifications in order 

to discontinue the procedure without creating enormous industry 

regulatory and agency reviewer burden. This paper, a collaborative 

cross-pharmaceutical industry effort, presents evidence further 

supporting the retiring of these outdated assays and a proposal for 

a means of updating related specifications with minimal regulatory 

burden.

The case for a risk-based approach
The deleted USP <231> and Ph. Eur. 2.4.8 heavy metals tests 

are outdated qualitative methods relying on an analyst’s visual 

comparison to a standard solution resulting in both high variability 

and unreliability of reported results (1,2). Additionally, the tests do 

not provide information regarding which elements may or may not 

be responding to the procedure. 

With no means of differentiating the 

method response, identification and 

quantitation of the specific metals 

being measured is not possible. This 

lack of specificity generates concern 

that other potential elemental 

impurity contaminants introduced 

through the manufacturing process, 

equipment, and materials cannot and 

were not being assessed with these 

methods, and that the metals that 

were present were not identified and 

quantified appropriately. 

When the US Pharmacopeial 

Convention (USP), and subsequently 

ICH, began to look into ways to 

improve upon heavy metals testing, 

it became clear that it was important 

to assess elemental impurities in the 

context of toxicity and patient safety. 

Both USP <232> (3) and ICH Q3D 

(4), which are largely harmonized, 

address the potential impact of 

elemental impurities from all aspects 

of the drug product manufacturing 

process, unlike the previous heavy 

metals tests. USP <232> and ICH 

Q3D include all metals of concern, 

including most of the metal catalysts 

or metal reagent residues listed in 

EMEA/CHMP/SWP/4446/2000 (5). 

The prescribed limits for metals of 

concern set forth in USP <232> and 

ICH Q3D are based on observed 

toxicity levels. Although ICH Q3D 

does not provide an analytical 

procedure, it directs analysts to 

compendial methods. USP <233> 

(6) Elemental Impurities–Procedures 

provides methods for performing 

elemental impurities testing. The 

analytical techniques given therein 

(inductively coupled plasma-mass 

spectroscopy [ICP-MS] and inductively 

coupled plasma-atomic emission 

spectroscopy or optical emission 

spectroscopy [ICP–AES/OES]) are 

far superior in both detection and 

quantitation of elemental impurities. 

In addition to the superior 

analytical techniques provided in 

USP <233> and the scientifically 

based quantitative limits for a much 

broader set of elemental impurities, 

USP <232> and ICH Q3D provide a 

risk-assessment approach towards 

assessing all potential contributing 

factors to the total elemental 

impurities in the final drug product. 

These risk assessments are to be data 
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The authors support the retiring of Ph. Eur. and USP heavy metal 

assays and propose a means of updating related specifications 

with minimal regulatory burden.

Pharma Collaboration 
Proposes Retirement 
of Obsolete Heavy 
Metals Tests

http://www.pharmtech.com/


Organised by

Join the conversation 
@cphiww

CPhI Worldwide - the world’s leading pharmaceutical exhibition  

� *VZ[�,�LJ[P]L! 45,000 pharma professionals 
from 150+ countries in one location

�  ,U[PYL�WOHYTH�Z\WWS`�JOHPU!�2,500+  
exhibitors covering ingredients, APIs, 
L_JPWPLU[Z��ÄUPZOLK�KVZHNL��JVU[YHJ[�
services, packaging, machinery and more

� 0UK\Z[Y`�KL]LSVWTLU[Z! stay up-to-date 
on market news and trends during the CPhI 
Pharma Innovation Awards and Pharma 
0UZPNO[�)YPLÄUNZ

� -YLL�HJJLZZ!�1 ticket, 6 shows, 150 free 
seminars, innovation tours, innovation gallery 
and matchmaking

WHY ATTEND CPhI? “...you can actually come and see what 
everything under one roof means!”

Taru Jain
Senior Manager, Akums drugs and 

Pharmaceuticals

“CPhI is a big event with participation of 
almost all pharma companies across the 
globe”

Shailesh Shinde
Head of Business Development 
Callidus Research Laboratories

REGISTER NOW
gotocphi.com/register

Co-located with:

Adjacent to:9 - 11 October 2018 

0-,4(��-LYPH�KL�4HKYPK���:WHPU

https://www.cphi.com/europe/
http://www.ubm.com/


50    Pharmaceutical Technology Europe SEPTEMBER 2018  PharmTech.com

Viewpoint: Regulations

driven and used by the drug product 

manufacturer to determine whether 

additional controls may be needed 

to ensure that no metals of concern 

are approaching the toxicologically 

determined permitted daily exposure 

(PDE) in the final product. 

Outcome of implementation  
With impending removal of the 

general testing procedure described 

in the Ph. Eur. and USP chapters, 

data collection towards compilation 

of the risk assessments prescribed 

by the ICH Q3D guideline and USP 

<232> was conducted industry-wide. 

The two most likely key contributing 

factors to total elemental impurities 

shown in the guideline’s Ishikawa 

diagram were anticipated to be 

drug substance and excipients. Of 

particular concern was the potential 

for contaminants to be present in 

mined excipients.

In 2015, the US Food and Drug 

Administration (FDA) and the 

International Pharmaceutical 

Excipient Council (IPEC) jointly 

published the outcome of a focused 

study on 200 excipient samples 

covering a range of excipients (7). 

This initial study concluded that the 

overall risk associated with excipients 

was relatively low, especially when 

typical proportions in formulated 

drug products were considered. 

With the express aim of building 

upon this initial study, a consortium 

of pharmaceutical companies 

established a database to collate 

the results of analytical studies of 

the levels of elemental impurities 

within pharmaceutical excipients. 

This database (coordinated by 

Lhasa, a not-for-profit organization 

that facilitates data sharing in 

the pharmaceutical and related 

industries) currently includes the 

results of more than 25,000 elemental 

determinations for over 200 different 

excipients and represents the largest 

known, and still rapidly expanding, 

collection of data of this type.

An analysis of the database 

(8) examined a series of aspects, 

including both data coverage as well 

as impurity levels and variability 

(across supplier/grade etc.).  The 

database includes results from 

multiple analytical studies for many 

of the excipients and thus is able 

to give a clear indication of both 

excipient supplier and batch-to-batch 

variability (although batch and supplier 

information is not included in the 

database) as well as any variability 

associated with the different testing 

organizations and methods employed. 

The results are telling. Critically, the 

data confirm the findings of previous 

smaller FDA–IPEC studies re-iterating 

the finding that elemental impurity 

concentrations in excipients, including 

mined excipients, are generally low and 

when used in typical proportions in 

formulated drug products are unlikely 

to pose a significant patient safety risk.  

In addition to the evidence that 

excipients present little concern, 

contributors to this paper, representing 

several large pharmaceutical 

manufacturers, were polled regarding 

the conclusions drawn from the full 

risk assessment exercises conducted 

across their product portfolio. Industry 

representatives were asked to provide 

information on the outcome of the 

collated data generated in these 

exercises, represented as a number 

of the company’s marketed product 

portfolio, wherein the data gathered 

to support a risk assessment revealed 

a need to implement a new assay and 

specification as a quality control. Two 

large pharma companies conveyed 

that in a total of 68 assessments 

compiled at Company A and 126 

compiled at Company B, not one 

concluded a need for an additional 

specification to be implemented for 

control of elemental impurities. At a 

third, Company C, more than 1000 

assessments had been conducted 

in total across a vast portfolio only 

to identify two instances where an 

additional specification would be 

needed.

As demonstrated in this sample 

of industry information and based 

on additional discussions with both 

manufacturers and third-party 

testing labs, the results of testing 

collected towards the drug-product 

risk assessments have established 

that elemental impurities are 

well controlled without additional 

specification setting. 

These outcomes support removal 

of the former Ph. Eur. 2.4.8 and/or USP 

<231> tests, while also demonstrating 

that there is not a need for those 

general tests to be replaced with new 

and specific ICP-MS assays. Existing 

regulatory specifications for non-

compendial materials that currently 

carry the former compendial heavy 

metals tests, therefore, should be 

updated to remove references to the 

obsolete compendial chapters and 

replacement of these with ICP-MS 

assays can be justified as unnecessary. 

The regulatory quandary 
In markets such as the United States 

and Canada where annual reporting 

is in place, agency communication 

of expectation was to utilize the 

annual report as a means to update 

specifications to eliminate these 

tests while allowing for testing with 

the now obsolete compendial wet 

chemistry tests to stop without a 

formal agency approval. In addition 

to the annual report’s replacement 

of specifications, agencies conveyed 

that future on-site inspections may 

be used as a vehicle to review full risk 

assessment reports.  

What is not clear is how the 

removal of specifications’ reference 

to the former compendial heavy 

metals assays should be categorized 

and submitted to a local health 

authority when an annual reporting 

mechanism doesn’t exist. Deletion 

of an assay from specifications 

without replacement with an 

equivalent or better assay often 

has a categorization requiring prior 

approval to do so. Thus, in lieu of 

making numerous submissions to 

remove the general tests at this 

time, most manufacturing license 

holders have chosen to generate 

internal general method versions 

of the former compendial text in 

order for analysts to continue to 

perform the assays as listed in the 

existing registered specifications. 

This continued wet chemistry testing 

is being implemented solely as a 

means of ensuring compliance to 

the registrational information in 

the dossier despite the evidence, 

not only of the lack of utility of the 

now obsolete assays, but of the 

risk assessments’ demonstration 

of adequate elemental impurities 

control. However, in the long term, 

these outdated tests should be 

retired from specifications.

The submissions needed to make 

these updates present significant 
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regulatory burden if categorized according 

to regulations in place in most global 

markets. However, the reporting categories 

prescribed for reporting specification 

changes (deletion of an assay) in such 

regulations do not seem to correctly 

apply to the unique position that the new 

ICH Q3D guidance and consequential 

compendial changes have presented. 

An industry proposal 
for a solution
The compendia have been updated to 

remove these assays because they are 

antiquated and lend no reliable quality-

indicating information. Continuing to 

perform the assay to ensure compliance 

with the text in the license causes a 

misdirection of resources towards 

generation of ineffective information. 

Without a clear regulatory reporting 

mechanism to stop testing without risking 

non-compliance, manufacturers must 

either continue to test or prepare portfolio-

wide submissions that will then pose both 

burdensome use of regulatory resources 

internally and at the respective agencies.

For these reasons, the authors propose 

that the industry regionally engage with 

these global health agencies to request 

retirement of performing these assays 

without requiring numerous standalone 

submissions to remove from regulatory 

specifications. Instead, the authors 

recommend requesting agreement from 

the local agency to cease testing using 

this obsolete procedure, though it may 

linger in the filed license for a period until 

a variation with other regulatory changes 

is necessitated. The formal specification 

revision to remove the obsolete tests 

from the license would be provided via an 

unrelated upcoming variation for the product 

but with an understanding that the testing 

would not continue in this interim pending 

the eventual formal licensure update.

Industry would ask that the regulatory 

agencies consider this unique approach as 

a logical exception in order to circumvent 

continued performance of methods 

obsoleted due to their futility and to avoid 

expenditure of reviewer and regulatory 

resources towards a massive volume of 

undue industry-wide submissions. 

This solution allows industry and 

regulators to partner in the commitment 

to ensuring patient safety and access 

to quality therapeutic agents with the 

acknowledgement that performance 

of these obsolete methods does not 

contribute to these shared objectives.
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Today, he says, IRT is being integrated 

with advanced temperature monitoring 

solutions, such as global positioning 

system (GPS)-enabled real-time shipment 

temperature trackers for highly time 

and temperature sensitive IMPs or cell 

therapies; and with Bluetooth-enabled 

loggers for expensive, temperature-

sensitive IMP that requires temperature 

traceability at the individual medication 

kit level. In the future, novel approaches, 

particularly software that embeds artificial 

intelligence, will become particularly 

important for selecting sites, predicting 

patient requirement needs, and forecasting 

IRT supply requirements, says Dürr.
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points, e.g. odorous components.

The HS-20 acts perfectly in a vari-

ety of fields such as environ ment

and quality control of pharmaceu-

ticals, chemical materials and

food products.

Superior precision of data

through minimized carryover

Increased sensitivity analysis 

even of high boiling point 

compounds

Best of class features

starring ultra trace analysis

www.shimadzu.eu /hs-20-series

http://www.shimadzu.eu/hs-20-series
http://www.shimadzu.eu/hs-20-series
http://www.csdd.tufts.edu/csddnews/
http://www.cenduit.com/blog/2018/5/31/why-is-there-so-much-wastage-in-clinical-supplies.com
http://www.ec.europa.eu/health/human-use/clinical-trials/regulation_en
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AbbVie

Company description
AbbVie is a global, research-based 

biopharmaceutical company with its 

mission to use its expertise, dedicated 

people, and unique approach to 

innovation to develop and market 

advanced therapies that address some 

of the world’s most complex and serious 

diseases. Together with its wholly-

owned subsidiary, Pharmacyclics, AbbVie 

employs more than 28,000 people 

worldwide and markets medicines in 

more than 170 countries.

Major products/services 
being exhibited
AbbVie’s Contract Manufacturing 

business has been serving our partners 

for more than 35 years. Our contract/

toll development and manufacturing 

capabilities span Fermentation, Drug 

Product, Potent, Hot Melt Extrusion, 

Prefilled Syringes, Biologics, ADC/Lyo and 

Bulk Active Pharmaceutical Ingredients 

(APIs) across 10 production facilities in 

North America and Europe.

Contact details

AbbVie Contract Manufacturing 

1401 Sheridan Rd, 

North Chicago, IL 60064

Tel.  1-847-938-8524

abbviecontractmfg@abbvie.com

www.abbviecontractmfg.com

Hall 3, Booth 3C60 

BENEO GmbH

Company description
As part of the Südzucker Group, BENEO 

GmbH offers a pharma grade excipient 

derived from the sugar beet: galenIQTM. 

This highly functional f iller-binder is 

characterised by its good flavour, ease of 

use and applicability to a wide range of 

solid and liquid dosage forms such as 

tablets, sachets, lozenges and syrups. In 

addition, it is also low-glycaemic and non-

cariogenic.

Major products/services being 
exhibited
T h e  g a l e n I Q ™  r a n g e  i n c l u d e s 

agglomerated grades 720 and 721, which 

are excellent f iller-binders for direct 

compress ion and powder mix ture 

applications/sachets, and the 800 series, 

which offers special ground grades for 

wet granulation, dry/roller compaction 

and other agglomeration processes. 

Besides its suitability for granulation, 

galenIQ™ 801 is used as a 

co-polymer in film-coatings to 

improve f ilm adherence and 

reduce coating time. In addition, 

the 900 series is also highly 

suitable for capsule fillings, dry 

s u s p e n s i o n s ,  s u g a r - f r e e 

c o a t i n g s  a n d  h i g h - b o i l e d 

lozenges.

Thanks to i t s versat i l i t y, 

galenIQ™ obtained the 2009 

F r o s t  &  S u l l i v a n  P r o d u c t 

Innovation Award.

galenIQ is manufactured under cGMP 

condi t ions accord ing to IPEC-PQG 

re qu i rement s  fo r  pha rmaceut i c a l 

excipients and complies with the current 

Ph. Eur., BP, USP-NF and JP monographs 

for Isomalt.

Contact details

BENEO GmbH

Maximilianstrasse 10, 

68165 Mannheim

Tel.  49 621 421-150

Fax. +49 621 421-160

contact@beneo.com

www.beneo.com/ingredients/

pharmaceutical-excipients 

Hall 8.0, Stand 8F90

mailto:abbviecontractmfg@abbvie.com
http://www.abbviecontractmfg.com
mailto:contact@beneo.com
http://www.abbviecontractmfg.com
http://www.pharmtech.com/
http://www.beneo.com/ingredients/pharmaceutical-excipients


CPhI WORLDWIDE 2018 EXHIBITOR PROFILES

Pharmaceutical Technology Europe SEPTEMBER 2018    53

Catalent Pharma Solutions

Company Description
Catalent Pharma Solutions is the leading 

global provider of advanced delivery 

technologies and development solutions 

for drugs, biologics and consumer health 

products. 

With more than 80 years’ experience 

across prescription and consumer 

markets, Catalent has the deepest 

expertise, the broadest offerings, and 

the most innovative technologies, to 

help its customers get more molecules 

to market faster, enhance product 

performance, and provide superior, 

reliable manufacturing and supply.

From a single, tailored solution, 

to multiple answers throughout a 

product’s lifecycle, Catalent can 

improve the total value of treatments, 

and accelerate programmes to clinic 

and beyond.

More products. Better treatments. 

Reliably supplied.™

Major products/
services being exhibited
Early drug formulation and 

development

Catalent has a broad range of experience 

and expertise in early phase 

development, and the company has 

supported over 500 IND applications. 

Catalent’s proprietary OptiForm® Solution 

Suite integrates tools and services to 

deliver relevant data and an optimised 

development programme; accelerating 

molecules from late-stage discovery to 

Phase 1 clinical trials.

Designed to develop better treatments, 

OptiForm Solution Suite includes a 

comprehensive range of candidate 

screening tools, ADME considerations, 

and in silico DMPK modelling, plus 

additional bioavailability enhancing tools 

to provide materials for cGLP toxicological 

studies, and on to first-in-human studies.

Early development work is carried out 

at Catalent’s San Diego and Somerset, 

NJ facilities, and the recent acquisition 

of Juniper Pharmaceuticals, Inc. will 

see a European centre of excellence 

established at its Nottingham, UK facility.

Contact details

Catalent Pharma Solutions

14 Schoolhouse Road, Somerset,

NJ 08873, United States of America

Tel.  +1 732 537 6200

solutions@catalent.com

www.catalent.com

Hall 3.0, Stand 3D10

Corden Pharma International GmbH

Company description
CordenPharma is your full-service partner 

in the Contract Development & 

Manufacturing (CDMO) of APIs, Drug 

Products and associated Packaging 

Services. Through a network of cGMP 

facilities across Europe and the US 

organized under five technology 

platforms — Peptides, Lipids & 

Carbohydrates; Injectables; Highly Potent 

& Oncology; Small Molecules; Antibiotics 

— CordenPharma experts translate 

complex ideas, processes and projects at 

any stage of development into high-value 

products.  

Major products/services being 
exhibited
Peptides, Lipids & Carbohydrates 

• Synthetic Peptide API Production 

• Synthetic Lipids & Carbohydrates

Sterile Injectables 

• New Development & Commercial 

Suites for Aseptic Filling with >60.000 

units per day 

• Packaging, Labelling & Logistics

• Sterile Emulsion Technology

• Large Pre-Filled Syringes

• Clinical Trial Services

Highly Potent & Oncology

• API Development & Commercial 

Manufacturing (SafeBridge Category 4, 

OEL ≤50 ng/m3)

• Drug Product Development & 

Manufacturing

• Oral Solid Dosage

• Injectables 

Small Molecules

• Development & Commercial 

Manufacturing

• Proprietary & Generic Advanced 

Intermediates & APIs 

Antibiotics 

• Non-segregated

• Segregated

Contact details

Corden Pharma International GmbH

Otto-Hahn-Strasse, 68723 Plankstadt, 

Germany

www.cordenpharma.com/contact-us/

Hall 7.0, Stand 7F30

mailto:solutions@catalent.com
http://www.catalent.com
http://www.cordenpharma.com/contact-us/
http://www.catalent.com
http://www.cordenpharma.com/contact-us/
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Dr. Paul Lohmann GmbH KG

Company description
Dr. Paul Lohmann GmbH KG provides over 

400 high-purity Sodium, Calcium-, Iron-, 

Magnesium- and other Mineral Salts to 

the biopharmaceutical, pharmaceutical 

and nutraceutical industries. In our GMP, 

FSSC 22000/ISO 22000 and DIN EN ISO 

9001:2015 certified facilities we 

manufacture according to different 

pharmaceutical and food monographs or 

to our customers’ specifications. We can 

modify chemical and physical parameters 

and offer customized packaging. More 

than 7000 different specifications 

demonstrate our competence. As a 

solution provider, we constantly develop 

new products in close collaboration with 

our customers. These successful 

relationships recently enabled us to 

launch our new Biopharma product 

quality, low in endotoxins mineral salts 

and special grades for nutritional 

supplements. Additionally, we support 

our customers in their regulatory affairs 

by preparing ASMFs / DMFs and have 

CEPs available for a growing number of 

products.

Major products/services being 
exhibited
As one of the world’s few GMP-certified 

manufacturers of inorganic and organic 

salts, during this CPhI we will be 

showcasing our competences for the 

(Bio-)Pharma industry:

• Biopharma product portfolio optimized 

for biopharmaceutical applications

• Innovative iron salts for upstream 

bioprocesses

• Low in Endotoxins salts from our new 

GMP-certified manufacturing facility

• Wide range of APIs and excipients for 

various applications

Contact details

Dr. Paul Lohmann GmbH KG

Hauptstrasse 2, 31860 Emmerthal, 

Germany

Tel.  +49 5155 63-0

Fax. +49 5155 63-5834

sales@lohmann4minerals.com

www.lohmann4minerals.com

Hall 7.0, Stand 7B80

Gerresheimer

Company description
A general description of the 

company’s main function

Gerresheimer is a leading global partner 

to the pharma and healthcare industry. 

With specialty glass and plastic products, 

the Company contributes to health and 

wel l -being. Gerresheimer operates 

worldwide and its approximately 10,000 

employees manufacture products in local 

markets, close to its customers. With our 

plants in Europe, North America, South 

America, and Asia, we generate revenues 

of approximately EUR 1.4 billion. The 

comprehensive product portfolio includes 

pharmaceutical packaging and products 

for the safe, simple administration of 

medicines: Insulin pens, inhalers, micro 

pumps, prefillable syringes, injection 

vials, ampoules, bottles, and containers 

for liquid and solid medicines with closure 

and safety systems as well as packaging 

for the cosmetics industry.

Major products/
services being exhibited
Primary Packaging Solutions made out of 

g lass and p las t ic .  Deve lopment & 

industrialization of customer-specific 

Drug Delivery Systems, Medical Devices 

and Diagnostics Products. Brands: Centor, 

ClearJect, Duma, Dudek, Gx Elite, Gx 

MultiShell, Gx RTF ClearJect, InnoSafe, 

Sensile Medical, Triveni.

Contact details

Gerresheimer

Klaus-Bungert-Straße 4

40468 Düsseldorf

Tel. +492116181-0

info@gerresheimer.com

www.gerresheimer.com

Hall 4.0, Stand 4C30

mailto:sales@lohmann4minerals.com
http://www.lohmann4minerals.com
mailto:info@gerresheimer.com
http://www.gerresheimer.com
http://www.lohmann4minerals.com
http://www.gerresheimer.com
http://www.pharmtech.com/
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Grifols International, S.A.

Company description
Grifols is one of the world’s leading 

pharmaceutical companies with 30 

subsidiaries and operations in more than 

100 countries. Grifols Partnership is a 

business-to-business contract 

development and manufacturing platform 

for sterile solutions and lipid emulsions 

with over 75 years’ experience in 

producing intravenous solutions for the 

pharmaceutical industry worldwide.

Major products/services
being exhibited
Experience in the intravenous solutions 

market and a solid commitment to 

quality make Grifols Partnership a reliable 

and efficient strategic partner for your 

contract manufacturing needs. 

Our high level of specialization 

allows us to offer pharmaceutical 

development and manufacturing 

for products that require advanced 

technology and complex production 

processes such as sterile solutions and 

lipid emulsions.

Grifols Partnership has two FDA- and 

GMP-approved manufacturing facilities in 

Spain for intravenous solutions that have 

parametric release certification.

Grifols Partnership works together 

with the customer from the early 

stages of development to commercial 

manufacturing industrial batches.

• Pre-formulation and development

• Scale-up and technology transfer of 

methods

• Validation batches

• Process scale-up and pilot production 

including 10/300L reactors

• ICH stability studies

• Analytical development and validation

• Clinical batches

• Dossier support documentation

• Commercial manufacturing of

industrial batches

• Labelling and packaging

Technological capabilities:

• Aqueous (LVP & SVP)

• Diluents for reconstitution

• Emulsion technology

• Form Fill Seal (FFS) technology for PP bags

• Manufacture and filling of oxygen and 

light sensitive products

• Terminal sterilization

Container Technologies

• Glass vials: 5 mL to 50 mL

• Glass Bottles: 50mL to 500mL

• Flexible Polypropylene IV Bags:

50mL to 3000mL

Contact details

Grifols International, S.A.

Parc empresarial Can Sant Joan

Av. de la Generalitat, 152-158

08174 Sant Cugat del Vallès 

Barcelona - SPAIN

Tel. (34) 935 712 199

marga.vines@grifols.com

www.partnership.grifols.com

Hall 3.0, Stand 3F102

HERMES PHARMA – a Division of Hermes Arzneimittel GmbH

Company description
The oral route is considered a simple and 

cost-efficient way of drug delivery, 

primarily using tablets or capsules. 

However, recent data suggest that 

difficulties swallowing tablets/capsules 

are widespread, occur across all age 

groups, potentially impacting treatment 

success. Tablets and capsules often fail to 

keep pace with the evolving needs of 

modern patients and may no longer be 

the go-to solution.

HERMES PHARMA is the expert 

in developing and manufacturing 

effervescent and chewable tablets, 

lozenges, instant drinks and orally 

disintegrating granules. These user-

friendly dosage forms 

• Are easy to swallow – even for people 

with dysphagia.

• Taste great – even if the API is bitter.

• Are easy to ingest – even with a large 

API content or dosage size. 

• Can be taken with or without liquids to 

suit the individual.

• Offer a variety of choices in terms of 

flavor.

• Improve patient experience through 

enhanced convenience.

• Allow greater amounts and different 

combinations of API to be delivered in 

a single dose, simplifying treatment 

regimens.

• Help to increase compliance and boost 

treatment effectiveness.

For over 40 years, HERMES PHARMA 

has been working with healthcare 

companies around the globe to expand 

their product lines and grow their 

brands. From product development 

and formulation to manufacturing and 

regulatory support, we offer expert 

advice and customized solutions at every 

point along the value chain.

HERMES PHARMA is a division of 

Hermes Arzneimittel GmbH, a German 

healthcare company with a rich portfolio 

of successful OTC brands.

Contact details

HERMES PHARMA – a Division of 

Hermes Arzneimittel GmbH

Georg-Kalb Strasse 5-8

82049 Pullach, Germany

Tel.   +49 89 79102 261

info@hermes-pharma.com

www.hermes-pharma.com

Hall 1.0, Stand 1G41

mailto:marga.vines@grifols.com
http://www.partnership.grifols.com
mailto:info@hermes-pharma.com
http://www.hermes-pharma.com
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Capsugel® | Lonza Pharma & Biotech

Company description
Capsule Delivery Solutions, part of Lonza 

Pharma & Biotech, is the leader in 

capsule-based solutions and services, 

proudly offering Capsugel® products. With 

the largest production and supply chain 

footprint in the industry, we provide the 

highest quality and deepest regulatory 

expertise to our 2,000 pharmaceutical 

customers, globally.

Our unique combination of science, 

engineering, formulation and capsule 

expertise enables us to optimize the 

bioavailability, targeted delivery and 

overall performance of our customer’s 

products. We partner with them in over 

100 countries to create novel, high-

quality and customized solutions that 

meet their needs and patients’ evolving 

preferences.

Major products/
services being exhibited
With a diverse portfolio including gelatin, 

HPMC, and specialized clinical capsules, 

we are a g lobal leader in capsule 

development and manufacturing, bringing 

unmatched products and technical 

support to our worldwide customer base. 

We provide the widest array of non-

animal based specialty polymer capsules. 

Our capsules portfolio includes: 

• Immediate release: Coni-Snap®, Vcaps® 

Plus, Plantcaps® 

• Targeted & Modified release: Vcaps® 

Enteric, DUOCAP® 

• Dry Powder Inhalation capsules: 

Gelatin: Coni-Snap® Gelatin and Coni-

Snap® Gelatin-PEG; HPMC: Vcaps® and 

Vcaps® Plus

• Pre-clinical and clinical development 

capsules: PCcaps®, DBcaps®

• Patient Centric capsules: Coni-Snap® 

Sprinkle

• Life Cycle Management solutions: 

Press-Fit® 

As we continue to grow our offering, stop 

by our booth, 8H30, to find out the latest 

addition to our portfolio.  You will also be 

able to find out more about our exciting 

new products.

Contact details

Capsugel® | Lonza Pharma & Biotech

Rijksweg 11, B-2880 Bornem, Belgium

Tel.  +33 389 205 725

Fax. +32 (0) 3-889-26-22

solutions.emea@lonza.com

www.capsugel.com/market-

segments/biopharmaceuticals

Hall 8.0, Stand 8H30

Novo Nordisk Pharmatech A/S

Company description
Novo Nordisk 

Pharmatech A/S 

was established 

in 1949 as FeF 

Chemicals, 

acquired by Novo 

Nordisk in 1986 

and has been 

part of the 

pharmaceutical 

group since then. 

It is the leading 

worldwide supplier of recombinant insulin 

for cell growth media and pharmaceutical 

grade quaternary ammonium compounds 

(Quats) for the pharmaceutical, 

biopharmaceutical and personal care 

industries.

These products are manufactured to 

cGMP standards, and in both product 

areas the company has distinguished 

itself for:

• Global regulatory compliance

• Consistent high quality

• Extensive regulatory documentation

• Continuous availability

• Secure global supply chain

• High levels of service and support

High-purity quaternary ammonium 

compounds (Quats)

An innovative synthesis process makes 

Novo Nordisk Pharmatech a leading 

supplier of  Benzalkonium Chloride, 

Cetrimide and CTAB. High levels of purity 

make them particularly suited for 

pharmaceutical applications, such as 

vaccine production. They act either as 

preservatives or active ingredients in 

many ophthalmic, nasal, oral and topical 

drugs and in a variety of solutions, 

ointments and creams. Their purity and 

characteristics are also ideal for a range 

of personal care products. 

Major products/services being 
exhibited
FeF® Benzalkonium Chloride Ph.Eur.,

USP/NF, JP

FeF® Benzalkonium Chloride 50% Ph.Eur., 

USP/NF, JP

FeF® Benzalkonium Chloride Solution 50% 

(45/55) Ph.Eur., USP/NF

FeF® Benzalkonium Chloride Solution 50% 

(53/30/15/2) Ph.Eur., USP/NF

FeF® Benzalkonium Chloride Solution 17% 

USP/NF

FeF® Strong Cetrimide Solution 40% BP 

Pharma with ethanol

FeF® Strong Cetrimide Solution 40% BP 

Pharma with isopropyl alcohol

FeF® Cetyl Trimethyl Ammonium Bromide 

(CTAB) USP/NF

Contact details

Novo Nordisk Pharmatech A/S

Koebenhavnsvej 216, 4600 Koege

Tel.  +45 5667 1000

Fax. +45 5667 1001

nnprinfo@novonordiskpharmatech.com

www.novonordiskpharmatech.com

Hall 8.0, Stand 8A20

mailto:solutions.emea@lonza.com
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Taiwan Pharmaceutical Alliance

Company description
Taiwan Pharmaceutical Alliance (TPA) 

c o m p r i s e s  s e v e r a l  Ta i w a n - b a s e d 

manufacturers, including API & FDF 

(chemicals & biologics). TPA facilities pass 

PIC/S GMP. Products are marketed in US, 

EU, Japan & ASEAN etc. TPA is your 

trustworthy partner in the dynamic 

markets.

Major products/
services being exhibited
TPA provides qualit y products with 

affordable price. Niche products include 

liposome & microsphere, OROS Tablets/ 

ODT, high potent soft gel, MDI/DPI, eye 

drops, patch, biosimilar etc. Services 

include CDMO/CMO, license in/out, and 

trading etc.

Contact details

Taiwan Pharmaceutical Alliance

7F., No.9, Wuquan Rd., Wugu Dist., 

New Taipei City 248, Taiwan (R.O.C.)

Tel.  +886-2-6625-1166 ext. 5112

Fax. +886-2-6625-1177

patty@pitdc.org.tw

www.tpatw.org.tw/en/

Hall 9.0, Stand 9A70
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Q.During a recent audit, we received an observation 

relating to our incoming goods inspection process in the 

warehouse. Our current procedure requires us to check for 

damage and to assure the correct goods are received. We 

currently do not have a detailed description on how to perform 

this task, as we find this would be far too complicated to 

describe. Can you recommend a solution for this?

A.What you describe is often observed during audits. Let us 

first analyze why this is the case. Warehouse personnel 

are usually very experienced and therefore know what to look 

for when goods are delivered. This experience is shared with 

new staff members, albeit often on an informal and on-the-job 

basis. This is not to say that these persons do a bad job, but as 

you learned from your audit, this process has to be described in 

sufficient detail, and it must be documented.

As there will be many different types of packaging for the 

wide variety of goods that are delivered to a warehouse, you 

may find it difficult to provide a detailed enough description 

in your instructions procedure, without it becoming too 

complex and unwieldy. There are solutions for this, which are a 

combination of instructions, check lists, and training materials. 

The instructions need to detail what to check, for example:

• Before unloading:

 - Correct license plate of the delivery vehicle

 - Correct name of delivery company

 - Delivery papers complete and correct

 - Interior of the delivery vehicle clean, no odours/smells, 

dry (no condensation or puddles), and deliveries orderly 

stacked (not a jumble)

• During unloading:

 - Correct handling of goods

• After unloading:

 - Any signs of damage

 - Any signs of tampering

 - Correct labels

 - Correct amounts

 - In case of wooden pallets, correct treatment stamps 

applied. 

The above are just typical examples that are often second 

nature to seasoned staff, which can be detailed on a check 

list as an attachment to the procedure. Now this still does not 

provide all the detail your inspectors were looking for. Let us 

look at the check for the correct license plate of the delivery 

vehicle. The instruction could be like this: 

• The warehouse operative documents the vehicle’s license 

plate. To do so, the operative must go to the vehicle and 

record the plate number on the form. 

• Confirm that his or her license plate corresponds with 

the information provided by the shipping company. 

In case of discrepancy, stop the process and report a 

deviation.

Now let us take another example: ‘looking for any sign 

of damage.’ It is difficult to describe in words, what is in 

reality a visual impression. Therefore, it is best practice 

to prepare photographs of any kind of damage. These are 

then annotated and explained. Such a photo library is an 

excellent training tool; and in fact, this is where this library 

should be placed. This training material can be updated 

each time a new kind of damage is observed. Of course, 

version control should be maintained. For example, if the 

operator has to check a carton’s outer package for damage, 

there may be a superficial cut or tear. The extent of the 

damage determines acceptability or not. The warehouse 

operative will document on the check sheet the type of 

damage and whether this is acceptable or not. The easiest 

way to do so will be to compare the observed damage 

against the photo library and document the reference 

number from that library. In case of doubt, a picture should 

be taken and appended to the check sheet. This minimizes 

ambiguity in the process.

Following such an approach—which leverages instructions, 

check sheets, and picture training materials—should provide 

you with a solution that is easy to follow, well documented, 

and above all, compliant. PTE

Checking Incoming Goods

Detailed process descriptions and robust documentation aid in compliance 

as well as training, says Siegfried Schmitt, principal consultant at PAREXEL.
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Using instructions, check 
sheets, and picture 

training materials provides 
a solution that is easy to 
follow, well documented, 
and above all, compliant.

ask the expert

http://www.pharmtech.com/
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As the #1 global leader in drug development, Catalent's 

comprehensive capabilities, robust scientific approach, and broadest 

selection of enabling technologies can help you overcome the 

toughest development challenges. With the acquisition of Juniper 

Pharma Services in Nottingham, UK, Catalent’s multi-site network 

provides innovators with a more complete and integrated solution 

to accelerate development from clinical to commercial supply.

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

˝ 2018 Catalent Pharma Solutions. All rights reserved.

development  

your molecule has  
so much potential. 
our passion for 
development will 
help unlock it.

expanded optiform‰ solution suite
One accelerated, flexible, and data-driven solution combines all analytics, services and 

materials your molecule needs from candidate selection into Phase 1.

candidate selection & dmpk modeling

solid state & preformulation  

preclinical & clinical formulation

bioavailability enhancement

clinical cgmp manufacturing

comprehensive analytical solutions

clinical supply services

comprehensive development offerings:

come visit us 
at cphi 2018 
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