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from the editor

I
f companies make pre-competitive 

advances on manufacturing pro-

cesses, noted Peter Marks, director 

of the Center for Biologics Evaluation 

and Research at FDA, to the audience at 

an FDA Town Hall session at BIO 2018, 

they can concentrate more resources 

on making a better drug.

Industry-wide cooperative efforts, 

however, are difficult to accomplish. 

Overworked bio/pharma professionals 

cannot spare time, and drug companies 

do not want to invest financial resources 

in consortiums or efforts that cannot 

demonstrate bottom-line results. Per-

haps the greatest hurdle to cooperation 

is the resistance to share information 

about internal business or technical 

operations outside of the company.

As an independent channel for in-

formation and insight about pharma-

ceutical formulation, development, 

and manufacturing, Pharmaceutical 
Technology stands ready to publish and 

share the latest advances, technologies, 

and processes for bio/pharmaceutical 

development. We need, however, input 

from experts working in bio/pharma. 

Although 2019 is four months away, 

for the publishing world, the new year 

is right around the corner. The edito-

rial calendar, a list of topics that Phar-
maceutical Technology will cover each 

month, is complete, and the editors are 

seeking contributions. Now is a good 

time to remind bio/pharma experts of 

ways they can contribute.

Peer-review papers
Peer-review papers provide science and 

technical insight into drug formulation 

and manufacturing processes includ-

ing method development, materials 

analysis, validation studies, equipment 

testing, and regulatory process analy-

sis. Four types of peer-review submis-

sions are considered: standard data-

driven, novel research papers; technical 

case studies/application notes; topical 

literature or patent reviews; and sci-

ence-based opinion papers. 

The double-blind review period typ-

ically takes four to six weeks. Accepted 

papers are scheduled for publication on 

a first-accepted basis and usually are 

published four to six months following 

acceptance.

Technical articles and expert insight
PharmTech editors welcome contribu-

tions from experts at bio/pharmaceuti-

cal companies, regulatory authorities, 

industry suppliers, and consultants on 

a range of development, manufactur-

ing, quality, regulatory, analytical, op-

erational, supply chain, and outsourc-

ing topics. Specific topics are listed on 

the editorial calendar. 

Industry experts can participate by 

authoring objective, technical articles, 

or by providing expert commentary 

for articles authored by the editors. 

Ideas for contributions should be dis-

cussed with the editors in advance. To 

start the process, contact us about four 

months prior to publication.

Submission guidelines
To keep the contributions focused on 

advancing bio/pharma development 

and manufacturing, the editors employ 

these guidelines:

• Pharmaceutical Technology does 

not charge a fee to publish an 

editorial-driven article; however, 

all submissions are reviewed and 

edited by the editorial team; final 

publication is determined by the 

editors.

• All submissions must be original 

and cannot have been published 

previously in any format—includ-

ing company literature or website 

postings or in another language.

• The contributed paper must be 

objective and cannot promote a 

company’s products or services.

• Authors are expected to provide suit-

able references to published third-

party literature to support all state-

ments in submitted manuscripts.

• Authors are required to sign a license 

agreement prior to publication.

Detailed submission guidelines are 

listed on www.PharmTech.com. On 

the site, click the Submission Guide-

line links to learn more about author-

ing a peer-review paper or technical 

article; review instructions to prepare 

the document, figures, and tables; and 

view the editorial calendar for 2019.

Our theme for the year is Trans-

forming Bio/Pharma Development and 

Manufacturing. I hope you collaborate 

with us. PT

Be a Part of the Solution

Sharing know-how can help resolve 

common bio/pharma technical challenges.

Rita Peters

Rita Peters is editorial 

director of Pharmaceutical 

Technology. Send your 

thoughts and story ideas to 

rita.peters@ubm.com.

mailto:rita.peters@ubm.com
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Engineering Technology  
Team Leader 

Samsung BioLogics

World’s Largest  

State-of-the-Art Biologics 

Plant Helps Customers 

With Schedule FlexibiltyA Q&A

Efficient, large capacity manufacturing plants 

and specialized expertise help clients stick 

to schedule with biologics production.

B
iologic drugs are a rapidly 

g row ing  ma rke t  se c to r. 

According to GlobalData 

and Biomedtracker, the market for 

biopharmaceuticals is expected to grow 13% by 

2025, with 111 new monoclonal antibodies developed. 

The manufacture of biologics requires specialized 

processes, and pharmaceutical companies are 

increasingly turning to contract manufacturers for 

their production needs. Those CDMOs can offer 

specialized knowledge as well as facilities custom-

ized to their needs. Here, Sangwon Seo, engineering 

technology team leader at Samsung BioLogics, talks 

about his company’s significant growth since its 

founding in 2011.

Pharmaceutical Technology: Please tell our 
audience a little about Samsung BioLogics. 
How has it become so successful in such a 
short time?
Seo: Samsung BioLogics is a contract development 

and manufacturing organization headquartered 

in Songdo, South Korea. In just the seven years of 

operation, we have built one of the largest biologics 

manufacturing facilities, which can reach about 

362,000 liters total capacity. This makes us the fastest 

growing company in the biotech industry in terms of 

capacity and innovation.

Samsung BioLogics is built on the foundation of 

Samsung’s industry-leading experience. For example, 

Samsung has experience and knowledge in building 

and operating 25 semiconductor manufacturing 

plants and over 50 petrochemical plants. Those kinds 

of expertise are implanted within Samsung BioLogics, 

and have helped us become an industry leader in 

biologics manufacturing.

To actively stay a sustainable business for the future, 

Samsung BioLogics had its Initial Public Offering 

(IPO) in November 2016. As a result of our innovative 

growth, the market cap has tripled since the IPO, 

reaching over $24 billion USD.

Pharmaceutical Technology: The CMO business 
is Samsung BioLogics’ backbone. Please tell 
us about the current state of each plant such 
as the cell culture capacity and any operating 
highlights you wish to share.
Seo: We have three plants. Plant 1 has 30,000 liters 

of capacity with six 5,000-liter bioreactors. We com-

pleted construction of that site within 13 months and 

validated it 12 months later. Just 25 months after the 

first engineering run, FDA inspections resulted in zero 

observations recorded on the Form 483.

Plant 2, which was bui l t  wi th Samsung’s 

proprietary, innovative design approach, has a 

152,000-liter capacity. It is the largest single plant 

currently being operated worldwide. FDA success-

fully verified its compliance with good manufacturing 

practices (GMPs) last September. This took place 

just 19 months after the first engineering run. We 

also received European Medicines Agency (EMA) 

approval last December.



WORLD’S LARGEST STATE-OF-THE-ART BIOLOGICS PLANT HELPS CUSTOMERS STICK TO SCHEDULE

Plant 3, which has a 180,000-liter capacity, was mechani-

cally completed last November. It is expected to be GMP 

ready in the fourth quarter of this year. Plant 3 is the world’s 

most advanced facility, built leveraging the extensive exper-

tise gained in construction and operation of plants 1 and 2.

Pharmaceutical Technology: Besides the capacity, what 
do you think are Samsung’s strengths?
Seo: Our core differentiators are flexibility to customer needs 

and industry-leading tech transfer tailored to clients’ processes. 

CMO facilities, by nature, are different from clients’ manufac-

turing sites given the process configurations and operation 

philosophy. We must remain flexible to accommodate the 

diverse needs of our biologics clients. While installation changes 

can be daunting, Samsung has numerous engineers with cross-

industry experience focused on meeting our customers’ needs.

Our in-house engineers and our flexible state-of-the-art 

facilities ensure we stick to schedule. Furthermore, the tech 

transfer process is a core area of the assessment for a CMO, 

as it is the first point of contact between client and CMO 

teams. Our industry-leading MSAT (Manufacturing Science 

and Technology) team, with decades of combined experience 

in development and manufacturing, is solely dedicated to the 

tech transfer process. This experienced team, in conjunction 

with our close client communication and partnership, ensures 

we maintain good working relationships and achieve client 

satisfaction. Given those capabilities, we’ve secured extensive 

orders from both large and small biotech companies.

Pharmaceutical Technology: Construction is certainly 
important in terms of capital expenditure, but quality 
and operation is just as important or even more 
critical—especially in the biologics industry. How does 
Samsung manage to maintain the highest quality?
Seo: There are huge similarities between a biologics plant and 

a semiconducter plant. For example, a semiconductor plant 

requires highly controlled cleanrooms that cannot tolerate dust 

or other contaminants, which is more stringent than require-

ments for biotech plants. In areas where Samsung didn’t have 

direct experience, we hired leading global experts to set up 

operations and quality systems even before we began building 

the first plant.

Complementary to this expertise, Samsung BioLogics 

established the quality purchase throughout the organization 

through a unique unit training system led by experienced 

global experts. This expertise and quality culture created a 

synergistic effect, resulting in 11 total approvals from the FDA, 

EMA, and the Pharmaceuticals and Medical Devices Agency 

(PMDA), far faster than many competitors. Our Plant 2, which 

is five times larger than Plant 1, received FDA verification of 

GMP compliance in just 19 months, six months faster than the 

first approval for Plant 1. As a result of our demonstration of 

quality, Samsung BioLogics has already signed manufacturing 

contracts for 16 products from 11 pharmaceutical companies, 

including some major industry players.

Pharmaceutical Technology: You mentioned several 
times that Samsung is the largest CMO. Does that mean 
Samsung only executes Big Pharma’s projects?
Seo: In addition to large-scale manufacturing services, we 

already established two 1,000-liter manufacturing facilities for 

clinical and commercial material manufacturing services. We 

also introduced cell line and process development services. 

In short, we expanded our business to become a one-stop 

service provider from small-scale projects to large commer-

cial projects. Through our year-old Contract Development 

Organization business, we support small plant-less biotech 

as well as Big Pharma companies.

Pharmaceutical Technology: Please tell us more about 
the third plant. What are its most competitive factors?
Seo: We call our Plant 3 a dream plant because it will be 

the largest single plant in the world constructed with state-

of-the-art technologies. Plant 3 has a 180,000-liter capacity 

with twelve 15,000-liter bioreactors. For higher manufacturing 

operation efficiencies, we try to adopt new technologies like 

N-1 perfusion, high cell density, and other new concepts in 

purification. We are the first CMO that adopted those tech-

nologies for commercial use in a mega facility.

Furthermore, we implemented many ideas to minimize 

downtimes as well as reduce product changeover time by 

eliminating operational inefficiencies. This makes Plant 3 

not only the largest mammalian cell culture plant, but also 

one of the most agile facilities with multiproduct capability 

in the world. Continuous improvement, knowledgeable 

management, and being open to new technologies make 

Samsung BioLogics one of the most competitive CDMOs 

in the world.

After only seven years, Samsung BioLogics is one of the largest CDMO in the business, with a total capacity of 362,000 

liters after completing its third plant last November. Samsung BioLogics has differentiated itself from competitors with its 

flexibility in meeting customer needs and its industry-leading tech transfer capabilities. The company makes it a priority to 

“stick to schedule,” making use of in-house engineers and state-of-the-art facilities to overcome delays before they happen. 

Its industry-leading MSAT team guides the tech transfer process smoothly from the first point of contact with the client. 

Samsung has leveraged its quick success for an IPO in November 2016, and its market cap has tripled since then, to $24 

billion, reflecting its efficiency and extensive orders from large and small biotech companies.
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PRODUCT SPOTLIGHT

Lightweight Actuator 
for Aseptic Valves

Watson-Marlow Fluid Technology 

Group added a new 

GMP-compliant actuator to its 

AKS Actuator series for ASEPCO 

Weirless Radial diaphragm in-line-

valves. The lightweight actuator 

is suited for applications where 

reduced weight is a concern.

The actuator design combines 

a plastic body with a stainless-

steel diaphragm interface 

and requires fewer brackets 

or ancillaries for installation, 

according to the company. Each component has laser-etched serial 

numbers for full traceability and carries a three-year warranty.

Watson-Marlow Fluid Technology Group

www.wmftg.com

Automated Single-Use 
System for Filtration and 
Product Dispensing

The SciLog SciPure FD 

System from Parker 

Bioscience is an automated 

single-use system for the 

filtration and dispensing 

of products into either 

bottles or bags.

The new system 

combines the fully 

automated bulk filtration and dispensing of biopharmaceutical 

products with a shipping solution that ensures product 

integrity, according to the company. The system offers process 

protection at the bulk pack-off stage of API production. The 

system’s hardware and consumables have been developed 

in tandem to minimize product losses and maximize yield.

The company’s fully validated shipping solution complements 

and extends the capabilities of the SciLog SciPure FD System. 

The company states that it has created a patent-pending 

bottle design that offers manufacturers the confidence that 

bulk drug products will arrive at their final destinations without 

contamination. The bottle integrity has been validated down to 

-89 ˚C while undergoing a validated ASTM D4169 shipping study 

for performance testing of shipping containers and systems.

Parker Bioscience

www.parker.com

Isolator and Filling 
Machine for Vials

groninger and SKAN have 

collaborated to develop Integra, 

a production line concept that 

integrates both an isolator 

and filling machine for vials 

with a large capacity range. 

The product was developed with a focus on processing toxic 

products. Features include shorter decontamination cycles and 

simplified cleaning. The integration of the filling machine into the 

isolator and the integration of the SKANFOG decontamination 

system allows the line to be cleaned and decontaminated in 

approximately 30 minutes with accessibility for operating personnel, 

according to groninger. Increased security and support for format 

changes enabled by the use of quick response codes gives operators 

a better overview of position, installation order, and recipe selection.

Different line configurations are available with either 

standardized open restricted access barrier systems or 

isolator modules and are capable of a maximum production 

output of 400 vials per minute, groninger reports.

groninger

www.groninger.de/en

Triple Shaft Mixer 
with Discharge System

Ross, Charles & Son’s new mixing and 

discharging turnkey system is capable of 

extruding finished product into strands. 

The VersaMix is a triple-shaft mixer with 

independently driven low and high-speed 

agitators with a capacity range of 1–1000 

gallons. The combination of low- and 

high-shear mixing in the VersaMix makes it 

suitable for a range of viscosities up to around one million centipoise.

The VMC-1 mixer model and DS-1 discharge system model are 

mounted on a shared bench and supplied with two vessels—one 

for mixing and one for extrusion. An air/oil hydraulic lift raises and 

lowers the mixing vessel to and from the operating position. At the 

end of the batching procedure while the mixing vessel is in the raised 

position, finished product is transferred into the extrusion vessel 

positioned below the mix vessel.  The extrusion can is then rolled 

over to the discharge system where product is pushed out by a platen 

through a perforated die plate, forming strands in the desired profile.

The mixer features a product charging tube for introducing 

minor ingredients sub-surface near the high-speed blades. 

There are two high-speed shafts, each supplied with two saw-

tooth type blades, doubling this model’s standard shear input, 

according to the company. Other mixer customizations include all 

stainless-steel construction, jacketed vessels, integrated vacuum 

pump, explosion-proof motors, and touchscreen controls.

Ross, Charles & Son

www.mixers.com
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hile cell- and gene-therapy 

products hold the promise of 

transforming the treatment of 

many diseases, difficulties in achieving 

consistent process control could stymie 

advancement in this field, cautions 

Peter Marks, director of FDA’s Center 

for Biologics Evaluation and Research 

(CBER). It’s “not simple” to bring a 

clinical production process to com-

mercial scale, he says, voicing fears that 

important manufacturing issues could 

hinder efforts to advance new discover-

ies able to transform medical care.

With more than 100 investigational 

new drug applications (INDs) filed in 

2017 for gene-therapy products and 

multiple R&D programs underway, 

FDA seeks to emphasize the chal-

lenges of developing and validating 

relevant manufacturing processes. 

CBER is receiving dozens of applica-

tions to test new gene therapies, Marks 

reported at the Cell and Gene Therapy 

symposium in July 2018, sponsored by 

CASSS. He acknowledged that the lo-

gistics of manufacturing autologous 

cells can be particularly challenging, 

and that limited capacity in cell lines 

stymie efforts to meet the demand for 

product development. While there is 

great excitement over the potential of 

CAR-T (chimeric antigen receptor) 

cell therapy to target and activate T 

cells to eliminate a cancerous or other 

undesirable cell type, Marks cautioned 

that the use of genetically modified 

cellular therapies to achieve a durable 

therapeutic effect requires a consistent 

process for producing and character-

izing cells.

CBER is working 

with NIST and other 

organizations to 

develop standards 

for advancing 

research and 

development 

of cutting-edge 

therapies. 

Marks suggested that new manu-

facturing technology, such as partially 

automated closed systems and modu-

lar manufacturing facilities, could help 

address some of these difficulties. He 

cited a lack of capacity for manufacture 

of lentiviral and adeno-associated virus 

(AAV) vectors for limiting clinical de-

velopment and noted that the process 

of production in current cell lines is 

not able to meet demand despite some 

improvement over the past few years. 

Clinical development is crucial, but in-

dustry needs to have “manufacturing 

under control,” Marks observed.

More support
FDA’s Regenerative Medicine Ad-

vanced Therapy (RMAT) program 

can help expedite oversight of cer-

tain tissue and cell products and gene 

therapies by providing support and 

assistance in developing products that 

treat serious or life-threatening con-

ditions and address unmet medical 

needs. CBER had granted the RMAT 

designation to 24 products as of June 

30, 2018, and more new products seek 

to qualify for that treatment.

CBER also is working with the 

National Institute of Standards and 

Technology (NIST) and other public 

and private organizations to develop 

standards for advancing research and 

development of cutting-edge therapies. 

CBER scientists also are collaborat-

ing with public and private partners 

in initiatives to advance the develop-

ment of improved cell lines for vector 

production. At the CASSS symposium, 

Samantha Maragh of NIST provided 

an update on collaborative efforts to 

develop measurement standards for 

genome editing, including an assay 

qualification process that would ex-

pand the capability to make targeted 

DNA changes. 

More consistent and reliable production processes 

are critical for advancing innovative treatments.

Jill Wechsler

FDA Seeks to Enhance 
Manufacturing of 
Cell and Gene Therapies

Jill Wechsler 

is Pharmaceutical 

Technology’s Washington 

editor, jillwechsler7@gmail.

com.

contin. on page 66
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New Eppendorf ULT Freezers

Exceptional Sample Safety
Eppendorf CryoCube® F740-series ULT –85 °C Freezer

>  Automatic vacuum release port 

allows quick and easy re-entry

>  Broad, flat gaskets keep the cold 

inside and minimize frost buildup

>  Whisper-quiet operation for a 

comfortable lab environment

>  Voltage inverter provides protection 

from in-line power fluctuations

Advancements designed for rapid 

recovery times and maximum 

temperature uniformity make the 

new Eppendorf CryoCube F740-series 

ULT –85 °C Freezer a secure harbor 

for your samples while dramatically 

reducing power consumption and 

noise output.
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ew global supply chains are as com-

plex and fragmented as the phar-

maceutical 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 chal-

lenge of ensuring that the quality of ac-

tive ingredients and raw materials used 

to make finished drug products, most of 

which are made outside the United States 

and Europe.

As a result, the world’s consumers are 

increasingly vulnerable to fake, substan-

dard, and illegally diverted medicines. A 

number of reminders have underscored 

that vulnerability.

In November 2017, the World Health 

Organization (WHO) issued new statis-

tics 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 devel-

oping nations is either fake or substan-

dard. Based on modeling studies, WHO 

reported, each year, 72,000 to 169,000 

children may die from pneumonia and 

another 64,000 to 158,000 in sub-Saha-

ran 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 hy-

pertension and heart failure treatment, 

valsartan (3), were recalled after the car-

cinogen N-nitrosodimethylamine was 

found in product manufactured by an 

API supplier in China. As a result, six 

manufacturers that used the API vol-

untarily recalled some medications con-

taining the ingredient, and the recall’s 

scope was gradually extended to include 

additional medications. In August 2018, 

FDA issued suggested methods for using 

gas chromatography to detect the con-

taminant (4). 

In July 2018, the Pharmaceutical Se-

curity Institute (PSI) released results of 

its study (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, in-

cluding the movement of unapproved 

medicines from overseas into more de-

veloped markets, was up by 14%, while 

counterfeiting was up by 7%. In addition, 

he notes, more than 1500 different types 

of medications were counterfeited, di-

verted, or stolen, up by 21%. “Traffickers 

are targeting more expensive therapies,” 

Kubic says.

Pharmaceutical manufacturers are 

moving forward with serialization and 

AAs counterrffeitinng, AAPI mmmanuffaccturing isssues, aannd illeggal 

ddiversionn iinncreaase vvulneerabiliityy, could ddispenssseers and eveen

ppatients pllaay a ggreatter rrole in seecurring tthe phaaarrmaa suppplyy cchaiin?

Agnes Shanley

Focusing 
on the Last Link

Cover Story: Supply Chain Security
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aggregation efforts. They are also sharing 

more data (e.g., laboratory test data on 

samples bought from illegal online phar-

macies) with law enforcement agencies, 

which Kubic sees as an important and 

positive development.  

Even as these efforts progress, how-

ever, those at the very end of the pharma 

supply chain 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 lat-

est version of which looked quite differ-

ent 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 chal-

lenge. In the end, Aguero said, it took one 

month to figure out where the patch was 

coming from.

OObstaccless too aaa seccuuree ssuuppllyy chaainnn
Among pharma’s top supply chain prob-

lems, observers say, are lax penalties for 

those caught counterfeiting or selling di-

verted materials. “Only a few countries 

in the world have ratified the Medicrime 

convention, which calls for jail time for 

counterfeiting,” notes Richard Berg-

ström, external Pharma lead for SICPA 

SA, a privately-owned Swiss company 

whose inks are used for global currency 

and anticounterfeiting.  The company 

has since diversified into other areas in-

cluding overt and covert anticounterfeit-

ing technology, including packaging and 

taggants. 

“Criminality is product agnostic, 

whether you are trafficking in purses, 

people, or medicines,” Bergström says. 

“And at this point, one can still send two 

packages of drugs worth over $10,000 

each into the supply chain without track-

ing them.”

PSI has seen a trend continue in which 

higher priced medications are increas-

ingly being counterfeited, diverted, and 

trafficked into developed nations, Kubic 

says, where, in developing nations, ge-

neric antimalarials and antibiotics re-

main the focus. 

Other fundamental challenges are the 

vastness, profitability, and fragmentation 

within pharma distribution, particularly 

in developing nations, says Bergström. 

He 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 an-

other trillion, and two thirds of that 

business occurs in emerging markets,” 

he says.

“The US is extremely efficient at dis-

tribution, and Europe is also efficient. So 

where is the rest of the money going?” 

he asks. The IFC expects solutions to 
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the pharmaceutical diversion problem 

to come from private companies, Berg-

ström says.

 SICPA has been working with global 

governments on serialization programs 

for alcohol and tobacco products, and 

Bergström notes that these efforts are 

well established. African nations have 

control over these supply chains, he 

says, while they continue to struggle with 

pharmaceutical couterfeiting.

Technology promises to create trans-

parency in the supply chain, and to 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 in-

crease 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.

Lastiinng rressulllts nneeedeeed
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 Eu-

rope, China, and Latin America.  How-

ever, Kubic notes, discussions are under-

way 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 be-

hind the websites that were shut down 

is once again actively involved in the il-

legal 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 manufac-

turing 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 buy-

ing tablet presses and manufacturing 

equipment.

Efforts in serialization continue, al-

though results have been mixed. Trace-

Link’s 2018 study found that only one-

third of stakeholders were ready to meet 

requirements and that only 8% of manu-

facturers had integrated programs with 

their contract partners (9). In addition, 

European manufacturers remain behind 

the curve (10) in submitting data to cen-

tral data hubs.

Bergström was director general of the 

International Federation of Pharmaceu-

tical Manufacturers and Associations 

(EFPIA), based in Europe,  from 2011 

through 2017. He joined SICPA in 2017, 

to help direct its serialization efforts. 

Europe’s approach to 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 pharma 

companies, wholesalers, and pharmacies, 

which wanted a system for all of Europe,” 

he says.

CCostss aaan iisssueee forr ssmmallller cccoommppanniees
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 $200,000-line 

investment would be difficult,” he says. 

Bergström also notes some fundamen-

tal IT issues. At this point, he says, most 

production lines are being equipped 

with equipment for printing and verify-

ing barcodes. “The challenge comes with 

sending all the data,” he says. “Aggrega-

tion 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 ex-

plains.

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 re-

porting 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 (10).

In addition, Bergström notes, al-

though 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 tech-

nical issue, as it is a question of political 

perception.”

Leveeraaagingg seeerialliizaatiooon daaaataa aandd ITT
One question for pharmaceutical man-

ufacturers, regulators, and for govern-

ments, is how serialization data and IT 

might be used in the future, whether for 

operational excellence or other initia-

tives. Bergström notes that European 

regulators developed serialization regu-

lations with a view to using the IT in-

frastructure, eventually, to help monitor 

drug safety and effectiveness. According 

to this model, patients would eventually 

help collect the data.

“That’s the future. If you can authenti-

cate 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 personalized therapies, he says.

In the short term, interoperable regula-

tory databases help improve pharma secu-

rity, he says, and serialization, container 

tracking, and other solutions could be ap-

plied to help ensure the pedigree of APIs.

CCoveerr Stooryy: SSSSuppplly CChaain SSSeccurrittyy
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Blockchain could prove most useful, 

Bergström says, in establishing prove-

nance for data, in clinical trial data man-

agement for medications and samples, 

and, downstream, in payment modules 

and monitoring patient outcomes in con-

nection with payments, a requirement of 

value-based contracts.

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, which currently  fill 

90% of the prescriptions in the US. 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 manufac-

turer. The technology has received ISO 

17025 accreditation, and the company, 

which has partnerships with leading dis-

tributors, plans to launch an online phar-

macy that would use the technology to 

ensure that drugs meet stated content re-

quirements. The venture would initially 

focus on anticonvulsants, hypertension 

treatments, and antidepressants.
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to find valuable clues for APIs formu-

lated into marketed drugs. “Crucial in-

formation 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 iden-

tified by Persidis overlap somewhat 

with these strategies and include lit-

erature mining, pathway mining, ad-

verse-event matching, and gene-reg-

ulation 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 match-

ing, 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,” Persi-

dis 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
Unfortunately, there are few data 

sources that are specifically tuned to 

the needs of drug repurposers, accord-

ing 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 re-

positioning is easy, to do it well is hard. 

The key limitation of these existing 

computational approaches is that they 

are focused on reducing repositioning 

to one parameter (gene up/down, com-

mon side effects, etc). As a result, they 

do not take into account the complex-

ity of diseases and their mechanisms 

T
he pharmaceutical industry is cur-

rently 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 reposit ioning today is cur-

rently pursued using one of five key 

approaches, according to Aris Persi-

dis, co-founder and president of Bio-

vista, which is developing a pipeline 

of repositioned drug candidates in 

neurodegenerative diseases, epilepsy, 

oncology, and orphan diseases. Phe-

notypic 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 ap-

proach 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 dis-

ease has been identified with some ini-

tial experimental proof,” Persidis says.

To achieve systematic or comprehen-

sive repositioning, computer-based ap-

proaches must be used. There is no sin-

gle preferred digital tool or technology 

for accomplishing drug repositioning 

because different tools are optimally 

suited for different strategies, accord-

ing to Hermann Mucke, CEO of H.M. 

Pharma Consultancy, a firm that pro-

vides drug development services, in-

cluding support for drug repositioning 

activities. “Many pharmaceutical com-

panies use their own in-house algorith-

mic solutions or leverage technology 

platforms developed by specialists in 

repositioning, such as Biovista, Excelra, 

etc.,” he notes.

In addition to in-silico modeling and 

target docking using algorithmical 

solutions beyond medicinal chemistry, 

Mucke points to data mining of side 

effects and drug interactions as a way 

Existing software tools cannot take 

into account the complexity of disease.

Cynthia A. Challener is a contributing 

editor to Pharmaceutical Technology.

API Synthesis & Manufacturing

Can Artificial Intelligence 
Take the Next Step 
for Drug Repositioning?
Cynthia A. Challener
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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 re-

positioning will take the field much 

further than it can go today. “AI is 

emerging as the best tool to do reposi-

tioning well. New AI-driven technol-

ogy shows the best promise, because 

AI is able to integrate and use many 

different types of data much more ef-

fectively than before,” Persidis explains. 

Adds Mucke: “Advanced AI tech-

nologies that can look for connections 

they have not been specifically trained 

to identify will revolutionize drug re-

positioning within the next few years, 

taking us beyond mere expert systems.”

Derivative potential
It is not just existing compounds that 

have potential for drug reposition-

ing; their derivatives can also be ex-

plored for therapeutic activity. “Once 

you have a repositioning candidate 

compound identified for your dis-

ease target (or vice versa), you can let 

loose all the medicinal chemistry and 

pharmacology tools that are out there,” 

says Mucke. Derivatives can be gener-

ated using known quantitative struc-

ture-activity relationship approaches 

that have been widely employed in 

drug discovery for many years, ac-

cording to Persidis.

Of course, the parent compound 

must be identified first, which is a re-

positioning exercise. “The real chal-

lenge 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 Candi-

date Database (DDCD), a comprehen-

sive machine-readable database of in-

formation 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 avail-

able for repositioning efforts taken 

from peer-reviewed papers, patent 

documents, and chemistry, pharma-

cology, and development information 

in various public sources, according 

to Mucke. 

The company uses the DDCD as 

an internal resource for drug devel-

opment projects and for repositioning 

projects that it is completing as part 

of the European Union Research and 

Innovation program, Horizon 2020. 

“The DDCD has been constructed over 

Strategic approaches: Repurposing drugs and identifying a root cause

Patients and pharma benefit from a repurposing strategy

A multidisciplinary approach that uses data culled from clinical studies—as 

well as an understanding of enabling technologies—can identify the true 

needs of patients and how they can be served via drug repurposing and 

reformulation, writes Sven Stegemann, director, pharmaceutical business 

development, Lonza Pharma & Biotech, in an article, “Innovating Lifecycle 

Management with Data-Driven and Enabling Technologies” published online 

at www.PharmTech.com.

Repurposing approved drugs—for new delivery routes, improved patient 

convenience, better drug performance, for combination therapies, or new 

indications—is a strategy employed to extend the life cycle of a drug product. 

Traditionally, drug repurposing was based on clinical observations and off-

label use in non-approved indications, writes Stegemann. Now, advances 

in clinical science are allowing researchers to better understand complex 

diseases and the need to simultaneously treat multiple clinical targets.

“Many drugs can act on multiple disease targets but are only being used for 

the treatment of one specific disease in a given formulation,” he writes. As 

science and technology enable drug companies to gain more knowledge and 

capabilities, “repurposing and redesigning medicines will remain an effective 

strategy for the medical world to increase R&D efficiency and better serve the 

needs of patients.”

In the article, Stegemann cites examples of how repurposed drugs are 

showing promise for new treatments for cancer and age-related diseases, can 

increase patient adherence to medication regimens by overcoming taste and 

other dosing challenges, and improve bioavailability, a frequent stumbling 

block for new drugs in development. 

Read the article at www.pharmtech.com/pt/repurpose.

—The editors of Pharmaceutical Technology 

FDA investigates root cause of API impurity 

FDA reported it has identified a potential source of a probable cancer-causing 

chemical found in a commonly used blood pressure medicine and extended 

its testing to all products in the angiotensin II receptor blocker (ARB) class, 

according to a Aug. 30, 2018 statement. 

On June 19, 2018, Prinston Pharmaceuticals notified FDA that the company 

stopped making products containing the active ingredient valsartan 

manufactured by Zhejiang Huahai Pharmaceutical Co. (ZHP) after the API 

supplier detected N-nitrosodimethylamine (NDMA) in its valsartan API. As of 

Aug. 30, 2018, five manufacturers of valsartan issued recalls; FDA has reported 

that 13 other API manufacturers were supplying the valsartan API to 20 drug 

manufacturers in the United States. 

FDA said it suspected that the impurity resulted from changes that ZHP made 

to the API manufacturing process. “We believe that these risks are introduced 

through a specific sequence of steps in the manufacturing process, where 

certain chemical reactions are needed to form the active ingredient. Before we 

undertook this analysis, neither regulators nor industry fully understood how 

NDMA could form during this process. We are still not 100% sure that this is the 

root cause of the problem,” FDA wrote in the statement.

The agency reported that “full understanding will require correlation of 

multiple test results from valsartan APIs made by different processes with the 

various process steps used by different manufacturers or at different times. We 

need to determine how NDMA can be formed and why it is not separated from 

the API during purification.”

Due to similarities in the synthesis processes of valsartan to other APIs in 

the ARB class, FDA announced that it would extend its testing program to 

determine if other ARB products contain NDMA. 

—The editors of Pharmaceutical Technology 
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the past 20 years and goes beyond any 

single public source in defining the 

pool of compounds that are poten-

tially 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 

program 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 bal-

ance,” he notes.

The Project Prodigy AI is also one 

of few systems that does not limit itself 

to machine learning (ML), says Persi-

dis. That is important because ML only 

affords ‘hits’ that are basically already 

known from training sets, even if 

hard to find. “Biovista’s Project Prod-

igy 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 Persi-

dis, 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 neuropa-

thy. The company has also used the AI 

system in collaborations with major 

pharmaceutical companies, patient 

advocacy groups, and FDA.

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

sive 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, ac-

cording 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. PT
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C
oating is one of the approaches 

used to mask the taste of bitter 

drugs. Coating for tastemask-

ing purposes is a well-established 

technology used throughout vari-

ous dosage forms, observes Felix 

Hofmann, technical sales manager, 

Evonik. “It ensures a reliable out-

come of the manufacturing process, 

and has obvious advantages, such as 

short processing times, easy applica-

tion, and straightforward upscaling 

on standard equipment,” he says. 

“Safe tastemasking properties can be 

achieved by covering the entire sur-

face of the dosage form by a polymer 

film so that direct contact of the bit-

ter substance with the taste receptors 

on the tongue is prevented.”

“From the patient’s view, coating 

not only masks bad taste and odors, 

but also makes the tablet easier to 

swal low and aids in recognit ion 

and differentiation between tablets, 

thus reducing the potential risk of 

medication errors,” Dr. Ali Rajabi-

Siahboomi, vice-president and chief 

scientif ic off icer, Colorcon, high-

lights. He notes that the coating also 

increases the mechanical strength of 

tablets and, therefore, reduces friabil-

ity, breakages, or dusting associated 

with uncoated tablets. 

“The selection of a tastemasking 

method is often dictated by the API’s 

physicochemica l proper t ies and 

taste prof i le,” explains Rajabi-Si-

ahboomi. 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 appro-

priate tastemasking technology. 

“There are various options avail-

able for consideration, such as the 

use of f lavors 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 un-

desirable taste of an API,” says Ra-

jabi-Siahboomi. “While these options 

exist, coating of tablets and multipar-

ticulates, remains the simplest and 

preferred method for tastemasking 

of bitter APIs for many reasons, in-

cluding ease of manufacturing, ac-

curate 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, coat-

ing is generally considered the pre-

ferred tastemasking approach because 

of its specific benefits. “Overall, if the 

dosage form has a smooth surface that 

allows proper coating, we would cer-

tainly go for it,” he says. He also points 

out that film coatings for tastemask-

ing purposes can even be applied for 

liquid dosage forms. “Usually, they are 

prepared as dry syrups that are going 

to be reconstituted before administra-

tion,” he explains. “Of course, in such 

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

use dosage form is limited by poten-

tial diffusion of the active ingredient 

through the film as compared to solid 

drug products.”

Formulation development
A crucial consideration for formula-

tors, according to Rajabi-Siahboomi, 

is to determine the level of taste 

masking required, which depends 

on the API properties and the dos-

age form design. “In some cases, the 

API is only slightly bitter and may 

be masked with f lavors and sweet-

eners. In other cases, the API has a 

very bitter taste requiring additional 

tastemasking 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 odor 

Adeline Siew, PhD

Coating for Taste Masking

Formulation

The level of taste masking required will depend 

on the API properties and the dosage form design.

contin. on page 30
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The Role of Online Water Bioburden 

Analyzers in Maintaining Healthy, 

High-Purity Water SystemsA Q&A

New class of technology provides  

real-time bioburden information.

W
ater is ubiquitous in pharmaceutical drug manufacturing. It’s used in many core 

manufacturing processes and is a key ingredient in numerous product formulations. 

Recently, a new class of technology has been commercialized to deliver real-time 

process control for the detection of microbial contaminants (i.e., bioburden) in a drug plant’s 

water systems. Here, Pharmaceutical Technology interviews Allison Scott, PhD, senior principal 

scientist at Azbil North America Research and Development, Inc., about how online water 

bioburden analyzers (OWBAs) help ensure a high-quality water system.

Pharmaceutical Technology: What are the advantages of OWBAs for water quality monitoring?

Scott: Online water bioburden analysis, as the name implies, offers real-time particulate and 

bioburden monitoring detection. It is different from the traditional method that is currently used 

in which spot checks are taken on water loops and data becomes available days later. With 

OWBAs, you can get bioburden data continuously and in real time.

Water quality monitoring is the last quality attribute mentioned in USP <1231> that has no 

associated online or PAT tool or instrumentation. An industry workgroup was formed in 2013 

by participants from several pharmaceutical companies who saw this void and the need for 

an instrument that could provide real-time bioburden information to the industry.

OWBAs also offer the advantage of providing results in real time. Drug makers no longer 

need to use water at risk because the technology provides bioburden results instantaneously 

and continuously. Users can understand how their water system is performing without having 

to wait for intermittent spot checks.

Pharmaceutical Technology: What are the scientific principles underlying this technology?

Scott: OWBAs use light-induced fluorescence to look for microbes in a water supply. The 

system operates similarly to a liquid particle counter, but an enhanced version. These systems 

detect particles present in the water flowing through their laser light source. When particles are 

present, they scatter light—just like with a liquid particle counter.

OWBAs take detection a step further. In addition to scattered light, they’re also looking for 

fluorescence. Microbes have internal fluorophores, like NADH and riboflavin, that fluoresce 

when hit with 405-nm laser light, which is what is inside our IMD-WTM system.

The fluorescence emitted by microbes is often quite different from the fluorescence of 

other particles present in a water system that might also fluoresce. In the case of BioVigilant’s 

IMD-W system, there are two photomultiplier tubes (PMTs), or fluorescence detectors, used 

to differentiate between inert particles that fluoresce and biologic particles that fluoresce. The 

system uses advanced algorithms to look at the fluorescence that is produced and better 

discriminate between interferent particles and biologic particles. So, the system is really kind 

of a particle detector, and then more specifically, a bio-fluorescent particle detector.

Allison Scott, PhD 

Senior Principal Scientist 
Azbil North America Research 

and Development, Inc.

SPECIAL SPONSORED SECTION



Pharmaceutical Technology: What are some ways that an 

OWBA can be implemented today?

Scott: I believe OWBAs should be implemented as part of 

an overall water loop control strategy. They can be installed 

online and operated continuously on the water loop, thereby 

offering additional insight into what’s happening on the water 

loop and lending additional support to maintain the health of 

the water system. They also can be used to fill in bioburden 

informational gaps between traditional point-of-use spot tests. 

With current methods, end-users take point-of-use samples 

once a week, for instance, and wait a few days for results to 

come back, which provides a data point of one. Conversely, 

OWBAs are installed online and run and output data continu-

ously. Users no longer need to rely on just spot checks of the 

water. Instead, they have continuous data. A lot of end-users 

have a goal to use OWBAs to reduce the amount of traditional 

sampling that’s performed as opposed to replacing it altogether. 

Overall, this technology is very complementary to traditional 

monitoring. It can be implemented anywhere you have a TOC 

analyzer and then run continuously on your water loop.

Pharmaceutical Technology: How do OWBA measurements 

compare with traditional sampling measurements?

Scott: Since OWBAs base their biologic count on fluorescence, 

it’s a fundamentally different measurement than the colony 

forming unit (CFU) that’s produced with traditional methods. 

A CFU is very much a product of how healthy the microbe is 

and the quality of the cultivation process. They’re very different 

measurements, but you can run an OWBA on your loop while 

you’re also taking traditional measurements. As I mentioned, 

the two measurements are very complementary.

If your point-of-use results indicate that your loop is in 

control and operating as it always has, then you have baseline 

data with the OWBA. From here, you can better understand 

the characteristics of your water loop. We have found that 

every loop has a very unique fingerprint based on the system’s 

age and construction, for example. Once you have this base-

line understanding of what your water loop looks like with the 

new technology applied, you can set action and alert levels 

based on established baselines, and then have continuous 

information. It may help you understand, for example, when it 

might be best to use point-of-use sampling, when counts are 

the highest. It gives you more informed view of the water loop.

Pharmaceutical Technology: What happens if biologic counts 

are higher than what is typically seen with the traditional 

colony culturing method?

Scott: As long as the counts are within your established alert or 

action levels, maybe nothing. The IMD-W biologic counts will 

likely be higher than the traditional method because detection 

is based on intrinsic fluorescence and not on growth. As a 

result, the IMD-W is capable of detecting stressed organisms 

or organisms that simply may not grow in media at default 

incubation temperatures and times.

That’s a big reason why the IMD-W system is run continu-

ously on a water loop; to establish a baseline of typical counts 

with your water loop and a different measurement technique 

applied. Counts might be higher than what you’re used to, 

but this might just be the baseline “fingerprint” of your system 

with this new technology.

We recently performed testing with a third-party laboratory 

to investigate particle counts on a pharmaceutical water loop 

and found that both the OWBA and the third-party SEM/EDX 

analysis showed biologic counts while the traditional method 

showed zero. We plan to continue this kind of testing.

Pharmaceutical Technology: Can the system detect biofilm?

Scott: It can detect biofilm. We’ve done a couple of different 

tests, one at our laboratory in Japan and one with Montana 

State University to confirm previous results. In both cases, 

we found that the system is capable of detecting biofilm, and 

as a result of the testing that was done at Montana State 

University, the outcome was that the IMD-W system can 

offer a quicker way of detecting biofilm. Since the system 

operates online and continuously, users can see changes in 

counts more quickly than with the traditional spot checking 

method should biofilm start to grow.  As a result, OWBAs can 

function as an early warning system in detecting the presence 

of biofilm.

Pharmaceutical Technology: Why should a company make 

the move to implement this instrumentation?

Scott: I attended the Parenteral Drug Association annual 

meeting in March and one of speakers said, “You can’t 

improve what you can’t measure.” I think this is a really impor-

tant point. The traditional method has been used in the past 

to perfect or improve steps that are taken with the operation 

of a water loop. It was used to gauge improvement. But now, 

it’s really common to obtain zeroes on the traditional method 

when assessing point-of-use samples on a water loop. Again, 

you cannot improve what you can’t measure. 

With new technology, OWBAs don’t give you zeroes; you’re 

actually getting numbers with this new, more sensitive way 

of looking at bioburden on a loop. Counts are often higher 

with these systems, and they help users better understand 

what is happening in their loop, to identify trends and drive 

decision making. Better assessments of sanitization schemes 

and temperatures, for instance, may help users save money. It 

also provides continuous particle and bioburden data, which 

can help you connect the dots with all the other pieces of 

information already being collected about the water system. 

Last, OWBAs can alert users of a change in the system in 

real time or much more quickly than you would have with the 

traditional method.

Making the move to implement an OWBA is really valuable 

because you learn your water system’s unique fingerprint and 

that informs your decision making.

THE ROLE OF ONLINE WATER BIOBURDEN ANALYZERSSPECIAL SPONSORED SECTION
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of the drug. With bitter APIs, how-

ever, even a small amount of exposure 

is sufficient to give the patient a poor 

experience. In these cases, formula-

tors should consider using a barrier 

membrane film coating as their first 

choice to taste mask the drug parti-

cles or granules,” he explains. 

Various barrier membrane coat-

ing options are available. Rajabi-Si-

ahboomi cites the example of the ac-

tive substance, raltegravir, which has 

an intensely bitter taste and hence, 

tastemasking was seen as an essen-

tial part of the development program. 

“Several tastemasking options were 

evaluated by coating the raltegravir 

granules prior to processing into the 

f inal dosage form,” he says. “The 

chosen option was to use a coating 

comprised of an aqueous ethylcellu-

lose dispersion in combination with 

a hypromellose-based film-coating 

system. Insoluble in water, ethylcellu-

lose acts as the tastemasking 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 tastemasking for-

mulation 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 con-

ditions, with rather low temperature 

and energy intake, observes Hof-

mann. Nonetheless, he points out that 

careful adjustment of the process hu-

midity and temperature must be con-

sidered for moisture- and/or temper-

ature-sensitive drugs. “Solvent-based 

coatings can be applied for moisture-

sensitive active if the parameter con-

trol strategy for aqueous processing 

fails,” he says. “Formulation adapta-

tions might be required for free acidic 

or basic drug substances to circum-

vent ionic interactions depending on 

the coating polymer choice.” 

For particle coating, Hofmann 

notes that particle size, morphology, 

f lowability, and solubility of the ac-

tive ingredient can have an impact 

on the overall processability. “Pre-

treatment strategies such as granu-

lation might be necessary for accept-

able process performance and overall 

process time,” he explains. “In this 

respect, coating of tablets is gener-

ally less complex as the surface is 

well-defined and the drug substance 

is generally diluted with tableting ex-

cipients. Moreover, tastemasking of 

tablets can be considered less chal-

lenging compared with multipar-

ticulate systems due to their shorter 

residence time in the mouth cavity.” 

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 methylcel-

lulose (HPMC) are often used for 

tastemasking applications. Typical 

characteristics of these polymers are 

the highly viscous spraying suspen-

sions they produce, resulting in high 

spraying pressures, high product bed 

temperatures during spraying pro-

cesses, and limited tastemasking ca-

pabilities 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 result-

ing films will stay intact at high pH 

values in the saliva resulting in supe-

rior tastemasking 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 insolu-

ble in the neutral pH of the mouth, 

but soluble in a pH range between 1 

to 5 in the stomach where the coat-

ing immediately releases the API, 

is an efficient way of tastemasking. 

“In this case, the pH at which the re-

spective polymer dissolves is an im-

portant 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 in-

novative polymers with wider pH-

dependent solubility range (pH 1–5). 

He adds that besides addressing taste-

masking challenges, polymers also 

offer the opportunity to provide ad-

ditional functionality such as different 

release profiles or moisture protection. 

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

siderations for tablet coating is well 

established, notes Rajabi-Siahboomi. 

“The working design space identified 

for immediate release coating formu-

lations also apply for taste masking,” 

he says, but adds that film-coating 

formulations and processing of par-

ticles and granules for taste mask-

ing are more complex. “Having said 

this, as the particle size of drug par-

contin. from page 26
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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. “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 spoke to Simone about Senomyx’s 

taste-blocking technology.

PharmTech: 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.

PharmTech: 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 flavoring 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.

PharmTech: 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 pediatric 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

ticles 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 im-

portant to consider choice and level of 

polymers, in addition to processing aids 

used for the coating process, observes 

Rajabi-Siahboomi. “These should pro-

vide suitable viscosity dispersion, cor-

rect ratios of components to provide 

functionality, and ease of processing 

without too much agglomeration of the 

particles.” He points out that the coat-

ing 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 technol-

ogy, spray gun set-up, and processing 

conditions such as spray rate, atomiz-

ing 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 

tastemasking purposes, dissolution 

both in neutral and acidic pH is the 

most important CQA, as it reveals 

tastemasking efficiency through the 

lag time and bioavailability through 

the release,” he underlines. 

Fully synthetic polymers consis-

tently have low batch-to-batch vari-

ability and can be produced with 

tight specifications, Hofmann notes. 

“They are, therefore, less critical 

than naturally based polymers where 

batch-to-batch differences in molec-

ular weight and substitution degree 

have to be considered as CQAs of the 

tastemasking polymer.” He adds that 

further to specific polymer proper-

t ies, polymer amount, type, and 

individual quality have to be evalu-

ated for optimum risk assessment. 

“Moreover, the amount and type of 

f ilm-coating excipients have to be 

added to the CQAs of the coating 

formulation,” he says. “Among the 

CQAs of the substrate material, par-

ticle size distribution, specific sur-

face area, and bulk density are key 

for multiparticulates; whereas for 

tablets, friability and weight varia-

tion are important.” 

Hofmann adds that the setup 

of spray ing process para meters 

wi l l  a lso have crucia l inf luence 

on film quality and, therefore, the 

final product tastemasking perfor-

mance. “Product bed temperature, 

spray rate, atomizing air pressure, 

inlet air temperature/humidity, and 

drying air capacity are among the 

CPPs. Their impact on f i lm qual-

ity should, therefore, be evaluated 

carefully to create a robust and reli-

able design space for the individual 

coating process. PT

Formulation

Taste-blocking—An alternative to taste masking
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he biopharmaceutical industry 

can no longer afford to design 

and build manufacturing capac-

ity 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 com-

mercial manufacturing capacity. This 

two-part article describes how a facility 

layout composed of multi-functional 

cleanrooms can be used to both de-

velop and launch new products from 

a pipeline (Part I) as well as support 

large-scale commercial manufactur-

ing (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, inte-

grated, operated, and redeployed as 

necessary to satisfy a wide variety of 

complex manufacturing requirements.

 A product’s manufacturing capac-

ity, from clinical testing through early 

commercial supply, can grow and con-

tract for many reasons that are diffi-

cult to predict. Many initiatives have 

attempted to speed up the creation of 

manufacturing capacity to satisfy spe-

cific 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 ca-

pacity will remain an expensive, time-

consuming obstacle to launching and 

supplying new products. 

Biopharmaceutical manufacturing’s 

challenges can be summarized as:

• Market uncertainty: Accurately pre-

dicting capacity requirements for 

biopharmaceuticals, particularly 

those associated with changing 

patient requirements and market 

penetration over the product’s life-

cycle from clinical testing to inven-

tory 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 increas-

ing capacity. These process advances 

include continuous manufacturing 

in the form of perfusion and highly 

concentrated fed batch bioreactors, 

high cycle rate, and simulated mov-

ing bed chromatography, etc. Sys-

tems biology and specialized syn-

thetic, purpose-built cell lines may 

also result in significant process 

changes in the future that require 

greater f lexibility for running and 

adapting to new process scales, strat-

egies, and configurations.

• New product development: By using 

the same facility and dedicated 

critical personnel, tech transfer 

can be minimized, if not elimi-

nated, thus increasing the likeli-

hood of consistently high-quality 

products and lifecycle comparabil-

ity. 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 indus-

try’s need for more efficient and 

f lexible manufacturing capacity 

is significantly impacted by FDA’s 

guidance, Expedited Programs for 

Mark F. Witcher and Harry SilverM k F Wit h d H Sil

Multi-Purpose 
Biopharmaceutical 
Manufacturing Facilities

Part 1:  Product Pipeline Manufacturing

Facility Design

A matrix of multi-functional cleanrooms

can meet the capacity challenges of both 

supplying clinical trials and launching products.

Mark F. Witcher, PhD is a consultant, 

witchermf@aol.com; and Harry Silver is 

senior process/facility designer at Harry 

Silver Designs.  contin. on page 38
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Breaking New Ground in Taste Masking and 
Moisture Protection for Oral Solid Dosage Forms

F
ormulating bitter and/or moisture-

sensitive active pharmaceutical 

ingredients (APIs) into oral solid 

dosage forms has always presented a 

significant challenge, and today’s grow-

ing requirement for chewable and orally 

disintegrating tablets (ODTs) adds fur-

ther complexity. Moisture-protective 

coatings and taste-masking solutions 

are well established within the pharma-

ceutical industry, but there is a continu-

ing need to improve their utility and to 

simplify and accelerate processing opera-

tions. The development of a new func-

tional film-forming polymer (Kollicoat® 

Smartseal 30D; BASF Pharma Solutions) 

that combines both taste masking and 

moisture protection with simple and eco-

nomic processing offers new possibilities 

for tablet, pellet, and particle coatings 

formulations for oral solid dosage forms.

Formulation Challenges

Many APIs and certain dosage forms 

(e.g., matrix tablets or formulations with 

a disintegrant, for example) are very sen-

sitive to the effects of moisture and must 

be protected from humidity. Therefore, 

steps are required during the formula-

tion and development of new products 

to ensure that drug stability and overall 

shelf-life can be maintained. Imperme-

able packaging has an important role, 

but moisture-resistant coatings are of-

ten used to provide the tablet core with 

a protective barrier that will also enable 

the API’s release when it reaches the ap-

propriate biological environment.

At the same time, formulators fre-

quently deal with bitter or unpleasant-

tasting APIs. Their ability to create a 

more palatable product could affect 

patient compliance, acceptability, and 

the ultimate success of the drug. While 

there are several different approaches 

to taste masking, coating the tablet 

containing the API, or coating the API 

particles themselves, is one of the most 

effective and widely used techniques.

As Dr. Rainer Dobrawa, Head of 

Technical Services, BASF Pharma Solu-

tions Sales Europe, explains, “When it 

comes to taste masking, the drug deliv-

ery form is highly relevant to the meth-

od selected. ODTs and chewables have a 

long residence time in the mouth, so the 

formulation requirements are different 

from those of standard tablets, which 

are swallowed immediately and gener-

ally require less taste masking. The goal 

with ODTs and chewables is to prevent 

the API from coming into contact with 

the taste buds for as long as possible.”

The taste masking of granules or 

small particles is especially important 

in the development of these newer 

dosage forms and is often quite chal-

lenging. Film thickness and flexibility 

as well as ease of processing are also 

important considerations for all solid 

dosage formulations.

Innovative Approach

Meeting this wide range of needs would 

normally require the use of more than 

one approach. However, a new film-

forming protective polymer meets the 

multiple requirements of masking un-

pleasant taste, providing an effective 

moisture seal, allowing rapid release 

of active ingredients and enabling easy, 

economical film coating.

Dobrawa describes the nature of this 

innovation: “Kollicoat® Smartseal 30D 

is an aqueous dispersion of a copoly-

mer comprising methyl methacrylate 

(MMA) and diethylaminoethyl meth-

acrylate (DEAEMA). There is no doubt 

that working with aqueous dispersions 

is more convenient and more environ-

mentally friendly than handling organic 

coating solutions and, importantly, this 

low-viscosity product can be used in 

highly concentrated coating suspensions 

and at high spray rates. This means that 

manufacturers can reap the benefits of 

reduced processing times and the associ-

ated cost savings.”

The polymer tackles the challenges of 

moisture protection and taste masking 

simultaneously, creating a barrier and 

concealing any unpleasant taste. “The 

films it produces are highly imperme-

able to water vapor, thus helping to 

preserve the potency of sensitive active 

ingredients. They are also insoluble at 

neutral pH, in saliva for example, but 

dissolve quickly under protonation in 

acidic media at pH values of 5.5 and be-

low, as found in the stomach,” Dobrawa 

explains. “This ensures efficient taste 

protection in the mouth together with 

quick release and rapid onset of action 

of the active ingredients in the stomach.”

Not only is this the first water-based 

protective polymer, but it also provides 

a solution to some of the key challenges 

of ODT formulation, allowing easy and 

scalable coating of pellets and particles 

without individual items sticking together.

Effective Masking

Studies show Kollicoat® Smartseal 30D 

masks the taste of bitter active ingredients, 

such as quinine hydrochloride and caf-

feine, at tablet coating levels of 4–5 mg/

cm2 (1). Human taste panel evaluations in-

dicate that it provides more effective taste 

masking at reduced coating thickness than 

other widely-used protective coatings. Fig-

ure 1 illustrates the number of individuals 

(from a seven-person taste panel) who re-

ported a bitter taste when placing coated 

quinine hydrochloride (100 mg at three 

different coating levels) into the cheek.
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When applied to caffeine pellets and 

theophylline granules, both the round 

caffeine pellets and the irregular the-

ophylline granules, could be coated 

homogeneously to give smooth, glossy 

surfaces which resulted in effective taste 

masking (2). Dissolution testing demon-

strated that drug release for both was 

found to be rapid in gastric fluid and 

negligible in saliva, while stability tests 

in different climate zones indicated that 

the formulations were stable.

Figure 2 shows microscopic images 

of the theophylline granules, reveal-

ing homogeneous coating and, notably, 

without any sticking together of the 

granules. Studies on the coating of ac-

etaminophen crystals, which have sharp 

edges and are notoriously difficult to 

coat, again show that the coating for-

mulation could be applied successfully 

using a fluid bed coater, without signifi-

cant sticking and agglomeration (3).

Moisture Sealing

Any solid dosage form exposed to hu-

midity will take up moisture. A protec-

tive coating can delay the time taken 

to reach equilibrium between ambient 

humidity and moisture content, both 

during the packaging process and fol-

lowing dispensing of the drug product. 

To demonstrate moisture sealing effec-

tiveness, highly hygro-

scopic sorbitol cores were 

coated with varying levels 

of a Kollicoat® Smartseal 

30D-based formulation 

(1). The tablets were then 

stored at 30 oC and 70% 

relative humidity, with 

water uptake determined 

at regular intervals. The 

coated tablets had sig-

nificantly less moisture 

uptake during storage 

and the barrier effect in-

creased with increasing 

coating levels. In addition, 

tests on isolated films 

have shown a lower water 

vapor permeability than 

other leading coatings.

Practical Considerations

Although Kollicoat® Smartseal 30D is 

not yet listed in the Inactive Ingredient 

Database or monographed, Dobrawa 

says BASF can provide customers with 

regulatory, toxicological, and applica-

tion data to support new product devel-

opment. Dobrawa adds, “We have also 

developed detailed recommendations 

that are designed to help customers op-

timize their product development and 

achieve an appropriate coating level. 

These include, for example, recom-

mendations when using acidic APIs and 

other substrates containing acidic ingre-

dients, considerations on the choice of 

plasticizers and antioxidants, and sug-

gested storage temperatures. However, 

as the properties of the API significantly 

influence optimal formulation there can 

be no one-size-fits-all guide. In terms 

of coating methodology, Kollicoat® 

Smartseal 30D is suitable for all types 

of coating equipment, although the 

choice of equipment can influence the 

performance of a formulation for all 

excipients, so this should be considered 

during optimization.”

What else is on the horizon for this 

unique technology? Dobrawa revealed 

BASF is looking to expand the applica-

tion of Kollicoat® Smartseal technology 

with the introduction of a powder ver-

sion. Dobrawa states, “This will enable 

coating from an organic solution as 

well as permitting the development of 

ready-to-use instant coating systems.”

Summary

A novel aqueous functional film-form-

ing polymer now gives formulators the 

ability to both conceal unpleasant tastes 

and create a moisture barrier using a 

single product. Films created with Kolli-

coat® Smartseal 30D are highly stable in 

saliva and specifically soluble in gastric 

juice, ensuring effective protection from 

unpleasant tastes in the patient’s mouth 

followed by rapid release and onset of 

action of active ingredients in the stom-

ach. Easy to handle, and convenient to 

apply, the polymer can be used in highly 

concentrated coating suspensions and 

at high spray rates, thus reducing pro-

cess times and costs.

Dobrawa is confident that, “This 

new polymer is helping tackle the 

challenges of formulating bitter or 

moisture-sensitive active ingredients 

whether for tablet, pellet or particle for-

mulations. Since it offers advanced pro-

tection, even in a very thin film, it really 

can help pharmaceutical companies 

streamline and accelerate film coating.”
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Figure 1: Individuals reporting a bitter taste.  

Source: Ref. 1.

Figure 2: Surface structure of coated theophylline 

granules. Source: Ref. 2.
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Facility Design

Serious Conditions–Drugs & Bio-
logics, which uses surrogate and 

intermediate therapeutic endpoints 

to accelerate the approval of break-

through products (3). The guidance 

impacts manufacturing in the fol-

lowing ways:

a) Places clinical manufacturing ca-

pacity on or near the product’s de-

velopment critical path by signifi-

cantly increasing the rate products 

can be developed, clinically tested, 

approved, and launched. 

b) Increases the urgency and risks of 

planning commercial manufac-

turing capacity by stating: “When 

sponsor receives an expedited drug 

development designation, they 

should be prepared to propose a 

commercial manufacturing pro-

gram that will ensure availability 

of quality product at the time of ap-

proval” (3).

c) Increases business risks because the 

products are approved based on in-

termediate endpoints. If long-term 

safety or efficacy concerns occur 

during post-marketing confirma-

tory monitoring, the product may 

be withdrawn or sales significantly 

restricted. 

The next generation of biophar-

maceutical 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, prod-

uct launch, inventory building, and 

long-term commercial supply. Such 

f lexibility 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 f lexible, 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-vol-

ume or time-sensitive cellular prod-

ucts 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 op-

erating core is approximately 23,500 ft
2

. 

Depending on the projected size of the 

pipeline and its estimated manufactur-

ing requirements, the facility’s initial ca-

pabilities 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 pro-

cess. The remaining areas are available 

for other products or process activities.

The cleanrooms are connected by 

interlocking primary and out corri-

dors supporting both bi- and uni-di-

rectional flows of equipment, material, 

and personnel. The layout is a mixture 

of Grade C and D areas with some ad-

jacent 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 pro-

cesses, raw materials and components 

are supplied to the operating areas by 

totes and carts via the primary corri-

dor. Transfer of in-process materials is 

achieved using totes via the primary 

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).

contin. from page 34
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corridor. Under normal conditions, 

personnel movement is controlled 

using bidirectional f low via the pri-

mary corridor. Waste material, used 

components, and equipment are re-

moved using unidirectional f low via 

the out corridor. A utility f loor above 

the operating core contains the heat-

ing, ventilation, and air-conditioning 

systems; utility access (including water 

for injection, air, etc.); as well as closed, 

stainless-steel piping inter-area con-

nections, if needed. 

The facility’s flexibility comes from 

each of the 18 multi-functional clean-

room’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 configura-

tions based on available adjacencies 

and product priorities. Recent devel-

opments 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. 

The following example process 

demonstrates how a variety of manu-

facturing processes can be organized 

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.
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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 typi-

cal 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 man-

ufacturing any product can be grouped 

into LOUs. The LOUs are then appropri-

ately located within the layout depending 

on available inter-LOU connectivity op-

tions 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 flexibil-

ity, the example process is operated at 

scales ranging from 250 L to 2000 L 

single-use bioreactors (SUBs). In addi-

tion, the facility is adapted to support 

different operating rates and campaign 

lengths by adding the necessary sup-

port resources. The f lexibility and 

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 uti-

lization 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 pro-

cesses, 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, com-

mercial-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 pre-

vious 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 eas-

ily transferred via the B C primary cor-

Figure 4: The logical operating units (LOUs) for the three process scales shown in 

Figure 3, loaded into the layout shown in Figure 1. Support LOUs are added as needed. 

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

monoclonal antibody (mAb) 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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ridor. 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 pro-

cess in Arm A is removed, the 500-L 

process can be moved to Arm A to pro-

vide 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-pro-

cess materials can be transferred directly 

through appropriate adjacencies or totes 

via the B C primary corridor. For lon-

ger, more intense campaigns, in-process 

material can be transferred via stainless-

steel tubing from Areas B3 (SUB-N) to 

C4 (Harvest). Other UO/LOU combi-

nations 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 neces-

sary to supply commercial markets. 

Conclusion
The biopharmaceutical industry’s great-

est contribution to patients is to rapidly 

and efficiently develop and quickly sup-

ply new, high-quality biopharmaceuticals. 

Regulatory agencies continue to do much 

to expedite the approval of important 

new therapies. The biopharmaceutical 

industry must complement these regula-

tory 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 life-

cycle 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 appropri-

ately controlled multi-functional clean-

rooms, are capable of quickly adapting 

and accomplishing the required manu-

facturing challenges. While processes 

and products will come and go, a flexible 

multi-purpose facility that can be readily 

adapted to different processes will essen-

tially remain the same. Only existing, op-

erationally ready facilities flexible enough 

to manufacture whatever is required with 

minimal or no modifications can effi-

ciently fulfill the industry’s future product 

development challenges.
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C
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 program 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 labeled 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.

Rethinking Cleaning Validation 
for API Manufacturing
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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, 

Peer-Reviewed

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).
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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 minutes 

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 

800 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 lo-

cation, and the three spectra were baseline corrected and 

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
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averaged. Because the amount of material deposited by the 

spray method is difficult to predetermine, an independent 

method was established 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 

coupons at 80 °C for 16 hours. Different cleaning agents 

were evaluated to determine the most suitable chemistry 

to remove the residues. The cleaning agents evaluated in-

cluded the following:

• 1% w/v formulated neutral cleaner (Condition 1)

• 1% w/v sodium hydroxide (Condition 2)

• 1% v/v formulated cleaner containing sodium hydrox-

ide (Condition 3)

• 1% v/v formulated cleaner containing potassium hy-

droxide (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, 

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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moderately specific, and applicable to small quantities of 

compounds.

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 (R
2

 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 

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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part of the design and qualification stages of the clean-

ing validation life cycle approach. This article focused on 

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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A
s medicines shift from one-size-

fits-all treatments to personalized 

and small-batch drugs for rare 

diseases, the fill/finish industry is mod-

ernizing to address changing manu-

facturing needs. Parallel pressures to 

rapidly advance drugs while reducing 

cost and maintaining sterility assurance 

and high safety standards are accelerat-

ing the pace of change (1–4).

While switching to single-use tech-

nologies 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 pa-

tient safety, there’s the matter of clini-

cal success. By the time therapies reach 

fill/finish, pharmaceutical companies 

have already spent millions of dollars 

to advance their drug. A milestone pay-

ment 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 fund-

ing, mistakes at the fill/finish step can 

directly impact their bottom line. Major 

pharma companies aren’t immune to 

challenges: in February 2018, safety vio-

lations 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 ex-

citing time for the field, and moderniza-

tions that help reduce costs, speed de-

velopment, and increase product safety 

will ultimately benefit patients.

Product diversity increases  
Multiple macro trends are converging to 

drive industry change. First, the quan-

tity and diversity of drugs in clinical 

development are rising—in general, the 

number of new drugs approved by FDA 

is rising (see Figure 1), and the diversity 

of drugs in development is increasing 

as well. A report by Pharmaceutical Re-

search and Manufacturers of America 

(PhRMA) detailing the biopharmaceu-

tical pipeline as of August 2016 found 

9500 projects in clinical development, 

of which 822 were covered by an orphan 

drug designation awarded by FDA (dis-

eases 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 enti-

ties approved by FDA were classified as 

personalized medicines (7–9). In 2017, a 

record-breaking 16 personalized thera-

pies were FDA approved (10). These 

trends are mirrored in European drug 

approvals. In 2017, of the 92 new medi-

cines 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). 

Single-use technologies, modular

systems, and robots are on the rise.

Iain MacGilp, PhD, Iain.MacGilp@

amriglobal.com, heads manufacturing, and 

Martin Reid, Martin.Reid@amriglobal.

com, heads quality assurance at the Glasgow 

facility of AMRI, a global contract research and 

manufacturing organization. D
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As a result, the fill/finish industry is 

experiencing a need for highly flexible 

manufacturing equipment. Small-batch 

products are on the rise, requiring auto-

mated systems that can robustly handle 

frequent product shifts. In response to 

these pressures, single-use technolo-

gies, 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, short-

ening turnover times, increasing ca-

pacity, and reducing costs (13–15). 

It is estimated that the total time 

saved using d isposables  ra nges 

from four months to more than a 

year (16).

Additionally, disposable products 

remove risk of cleaning deficiency, en-

abling multiple products to be manu-

factured in the same plant with rapid 

turnaround (13–15). Higher-potency 

products are also on the rise, with ap-

proximately 25% of new chemical en-

tities (NCEs) in development deemed 

Figure 1: In general, the number of drugs approved by FDA is trending upwards. 

Source: FDA (7–9).
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“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, manu-

facturing changes are much more cost 

efficient to implement with single-use 

technologies. This flexibility is particu-

larly beneficial for customers at the early 

stages of development, when future ad-

justments are likely (18).

AMRI, for example, has adopted 

multiple single-use disposables, includ-

ing single-use glass, or ultra-low-density 

polyethylene (uLDPE) formulation and 

filling vessels, pre-assembled, irradi-

ated filters and filling lines, and single-

use isolators for operator protection 

to minimize the potential for product 

contamination. These risk reductions 

have been viewed favorably by external 

auditors and regulatory agencies, allow-

ing 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 scru-

tiny (20). In addition to regulatory ad-

vantages, 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 success-

fully 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 bank-

ing, 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 attrac-

tive (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 contain-

ment, to maximize product diversity 

and expedite process turnaround. Ven-

dor relationships and qualification are 

crucial to this philosophy and, when es-

tablished, allow technical teams to focus 

on maximizing throughput, including 

key internal sterilization processes for 

filling lines and cleanroom suites. 

cRABS delivers the sterility assur-

ance levels required by regulators while 

allowing for swift changeover from 

product to product. 

Automated filling systems within 

barrier systems and format-free robot-

ics have the major advantage of remov-

ing humans from cleanroom sterile 

core, thereby eliminating the primary 

source of environmental contamination 

(22). Automation also provides safety 

benefits for workers, protecting opera-

tors 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 

f lexibility in supporting multiple 

container types with limited or no 

change parts (23).  

Ideally, an automated fill/finish sys-

tem 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 run-

ning costs of an aseptic facility. In up-

grading, process flows may need to be 

adapted and, while not compromising 

sterility assurance, may require focused 

training and monitoring. Routine asep-

tic interventions change from manual 

Figure 3: Restricted access barrier systems (RABS) remove humans from the 

cleanroom sterile core.

Manufacturing: Fill/Finish

Figure 2: As of 2016, an estimated 40% 

of fill/finish tasks were automated. 

Source: BioPharm International (19).
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filling/stoppering to transfer processes and machine assem-

bly. Risk is reduced; however, training and routine qualifica-

tion 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 compa-

nies 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.

Vendor selection critical 
Nearly 40% of fill/finish operations are outsourced (19). As 

the industry adjusts to meet the changing needs of biophar-

maceutical 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 com-

mercialization—so it is crucial to find a partner who de-

livers technically and with flexibility, but whose style and 

approach aligns with yours. 

With a solutions-oriented, culturally aligned partner of-

fering 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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I
n 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 pharmaceu-

tical 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 manufac-

turers doubled the number of coun-

tries involved in clinical trials, and 

increased the number of Phase III sup-

port sites by 63%.

For operating companies and their 

contract partners, whether contract de-

velopment and manufacturing or con-

tract research organizations (CDMOs 

or CROs), the increased complexity 

has posed some serious challenges. 

Impacts are being felt on the manu-

facturing and operations side, which, 

according to recent estimates, already 

accounts for 20% of all clinical trial 

costs, or some $30 billion per year (2). 

Manufacturing is feeling the im-

pact of increased protocol complexity 

in terms of risk mitigation (i.e., in the 

way that studies are being designed), 

as phases are combined or changed in 

midstream based on interim results.

This approach requires far more focus 

on upfront planning than traditional 

study design did. “Maintaining the 

f lexibility and agility needed to react 

to changing clinical protocols is a very 

real challenge,” says Mark Lewis, Al-

cami site director of Wilmington 

Drug Product Manufacturing Opera-

tions.

“Client requirements in early phase 

studies often evolve based on clinical 

results. This frequently means rede-

velopment or expansion of the dosage 

range covered by manufacturing,” says 

Lewis, “And our ability to respond to 

changes that benefit the patient is criti-

cal.” Any shortages of investigational 

medicinal products (IMPs), or other 

delays, can affect results of a trial and 

lead to financial losses of $1 million per 

day (2).

The impact of personalized medicine
Driving much of this change is the 

move to personalized medicine, says 

Andrea Zobel, senior director of prod-

uct management, clinical trial supplies 

and logistics, for PAREXEL. Replac-

ing the “one-drug-fits-all” model are 

individual preparations and dosages, 

and patient-specific drugs in autolo-

gous therapies. Consequently, patient 

numbers per batch are decreasing, and 

manufacturing must be f lexible for 

products with short shelf-lives. 

In addition, Zobel says, clinical ma-

terials are being manufactured closer 

to the clinical site, and the timelines for 

GMP quality processes are being short-

ened and automated. “Manufacturing 

sites with partial automation to produce 

hundreds or thousands of packages are 

no longer required. Instead, manufac-

turing sites with many parallel worksta-

tions are needed to produce many small 

batches continuously,” she says. 

She cites an example of a pharmaceu-

tical firm whose focus has shifted from 

cardiovascular therapies to oncology 

drugs. “In oncology today, the majority 

of innovative drugs are biopharmaceu-

ticals with short shelf-lives and require-

ments 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.” 

Currently, Zobel explains, the man-

ufacturing site for clinical supply of 

all global studies is comparably small, 

with approximately 20 different label-

ing/packaging rooms. These rooms are 

continuously producing clinical trial 

medication for many parallel trials 

with various treatment arms. 

Increasingly complex trial protocols have 

added to IMP manufacturing challenges.

Agnes Shanley

Clinical Manufacturing: 
Clearing Higher Hurdles

Clinical Trials Manufacturing
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The most advanced process is “man-

ufacturing on-demand,” an approach in 

which the IMP kit is labeled just-in-time 

for when the shipment request for a site 

is generated by an IRT system.While 

the process itself can be supported by 

technical solutions such as label print-

ing on demand, label work stations 

connected to IRT systems, and decen-

tralized manufacturing sites with stan-

dardized equipment, GMP-compliant 

quality controls and releases remain a 

challenge. Again, technical solutions 

can help to give the quality managers 

the required oversight and documenta-

tion to enable even remote releases (e.g., 

in-process-controls using bar-coded 

components), which are tracked in an 

electronic release system and can re-

place the paper based and visual checks. 

Additionally, the regulations must 

be adapted for some new therapies, es-

pecially 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 require-

ments, says Zobel.

Technical tools and solutions
Interactive response technology (IRT), 

including interactive voice response 

(IVR) software, first appeared on the 

scene about 20 years ago to help spon-

sors and contract partners better re-

spond to clinical trial complexity. The 

software aims to help users manage 

increased randomization and com-

plexity, 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 pro-

grams are interfacing with electronic 

data capture (EDC) systems and dis-

tribution systems, and with lab systems 

or electronic clinical outcome assess-

ment (eCOA) tools to improve clinical 

trial manufacturing and operations.

Still, it is up to sponsors to ensure that 

data are adequate and properly inter-

preted to optimize inventory levels and 

delivery times. “Complex study proto-

cols with dose changes, re-randomiza-

tion, and dynamic design updates are 

much harder to plan for with regards to 

how much drug is needed. Initial plan-

ning needs to be done based on numer-

ous assumptions, and it’s important to 

continuously fine tune the forecast of 

drug needs during the study based on 

actual data. This approach increases 

planning certainty and accuracy and al-

lows 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 clini-

cal 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 bio-

pharmaceuticals, in particular, the eco-

nomic impact can be high. In reviews 

of more than 200 clinical trials, Cen-

duit 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 mod-

eling tools to help improve initial proj-

ect planning. Used with IRT, simulat-

ing for forecasting and management 

offers insights into study designs and 

supply strategies that allow avoid-

ance of excess inventory and optimize 

overage, considering possible delays 

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

Santa Maria, vice-president of world-

wide clinical trial material and depot 

operations at PAREXEL.
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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 suit-

able 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 fore-

casting and supply scenarios, based 

on how the studies might be run. In 

addition, contract services providers 

are becoming creative in setting up 

and maintaining the IRT’s resupply 

module, says Melissa Peirsel, Manager 

of IRT Services at Sharp Clinical Ser-

vices. “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 recruit-

ment, 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 sys-

tem to have just the right amount of trial 

materials on site without causing insuf-

ficient 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 redistri-

bution to other study sites, Peirsel says.

Partnerships and data sharing
Planning relies on sharing data more ef-

fectively, and more sponsors are partner-

ing 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) labeling, in which 

medication is initially labeled without 

protocol or country- specific information, 

without a batch number or expiry date, 

and with the minimal information to en-

sure correct picking against a shipment 

request. Complete regulatory-compliant 

labeling is then performed as close in 

time to shipment to the site as possible. 

Final packaging, labeling, release, and 

shipment are performed within 48 hours 

of receipt of trial/country/patient specific 

shipment request.

EU regulations 

will expand 

tracking and 

documentation 

requirements, 

but also improve 

clarity by requiring 

that practices be 

spelled out in the 

trial protocol.

IRT can also help prevent quality 

issues, says Dürr, by creating the kit 

list required for labeling and exclud-

ing 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 ther-

apy after its expiration date could be 

reduced even further, Dürr notes. For 

example, sites could scan the kit num-

ber 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. 

IMP returns move to transparency
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 de-

scribed in enough detail during study 

set-up; training is often not sufficient 

;and responsibilities are often not as-

signed,” she says. 

Zobel believes that the upcoming EU 

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

additional complexity when the track-

ing and documentation is expanded to 

used and unused IMPs and auxiliary 

products. However, she notes, new re-

quirements will also improve clarity 

because they will require description 

in the protocol of the specific arrange-

ments for tracing, storing, destroying, 

and returning IMPs.

Although the clinical site is initially 

planned to be where the IMP is de-

stroyed, many trials’ country regula-

tions and site capabilities often require 

a reverse supply chain with return 

shipments to certified destruction fa-

cilities 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 sup-

port clinical site accountability. “The 

new trend to apply barcodes on IMP 

packages, instead of reading and en-

tering kit numbers, allows packages to 

be scanned and tracked automatically 

and reduces workloads for clinical staff 

while improving data quality,” she says.

Clinical Trial Manufacturing
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Ensuring cold chain performance 

has become essential to ensuring pa-

tient safety, says Santa Maria. Close 

integration between IRT and distri-

bution systems is essential to enable 

manufacturers to manage supply risks 

faster and ensure there are no site stock 

outs, says Dürr. Thorough testing is re-

quired to ensure that IMPs are kept at 

the right temperature, not just in tran-

sit but also during storage.   

It is up to sponsors 

to ensure that 

data are adequate 

and properly 

interpreted to 

optimize inventory 

levels and delivery 

times.

Direct-to-patient models
The move away from traditional trial 

models to direct-to-patient (DTP) ap-

proaches is also complicating clinical 

trial operations. This newer approach 

to clinical trials may make logistics 

more complex and costly, says Dürr.  

However, he notes, it will also reduce 

inventory requirements at clinical 

trial sites, make trials more patient-

centered, and reduce overall IMP over-

supply problems. 

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 avail-

able to dispense medication directly to 

patients. In addition, most pharmacies 

have no GMP licenses for IMP primary 

and secondary packaging, she says. 

As the move to personalized ther-

apies 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 also minimizing 

drug overage and wastage, predicts 

Tim Gilbert, senior director of prod-

uct management, randomization, and 

trial supply management at PAREXEL.  
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outsourcing outlook

A
t the end of the summer of 2018, 

contract manufacturing orga-

nizations (CMOs) and contract 

development and manufacturing or-

ganizations (CDMOs) were continu-

ing the trend of acquisitions and bio-

pharmaceutical services expansions. 

The following are a few develop-

ments in the CMO/CDMO market.

Mergers and acquisitions
Catalent reported on Aug. 14, 2018 

the completion of its previously an-

nounced tender offer for all outstand-

ing shares of Juniper Pharmaceuticals 

at $11.50 per share. As a result of the 

merger, Juniper will become a wholly 

owned subsidiary of Catalent. 

According to Catalent, the acquisition 

of Juniper expands and strengthens its of-

ferings in formulation development, bio-

availability solutions, and clinical-scale 

oral dose manufacturing, and comple-

ments its integrated global clinical and 

commercial supply network.

Juniper prov ides bioava i labi l-

ity enhancement for poorly soluble 

compounds, including nano-milling, 

spray drying, hot-melt extrusion, 

lipid-based drug delivery, and cGMP 

clinical manufacturing for potent and 

controlled substances. Catalent re-

ports that it will continue to support 

Juniper’s Crinone (progesterone gel) 

franchise marketed by Merck KGaA 

outside of the United States (1).

Emergent BioSolutions announced 

on Aug. 9, 2018 that it has entered 

into an agreement to acquire PaxVax, 

a company focused on specialty vac-

cines that protect against existing and 

emerging infectious diseases, for an 

all-cash consideration of $270 million.

Emergent will also acquire Euro-

pean-based cGMP biologics manu-

facturing facilities from PaxVax as 

well as approximately 250 employees, 

including those in R&D, manufactur-

ing, and commercial operations with 

a specialty salesforce. 

Gaining these facilities will ex-

pand Emergent’s international opera-

tions and contract development and 

manufacturing ability, according to 

Emergent.

This transaction is subject to cus-

tomary closing conditions, including 

antitrust regulatory approval, and is 

expected to close in the fourth quarter 

of 2018 (2).

New facilities and services
SGS announced on Aug. 28, 2018 

a new 200m
2

 laboratory in Geneva, 

Switzerland that will provide biophar-

maceutical testing to respond to the 

growing need for biopharmaceutical 

studies during the early and late phase 

of characterization. 

The new laboratory will comple-

ment the existing 800m
2

 facility and 

offer the new services for high order 

structure analysis of biologics, includ-

ing circular dichroism, Fourier-trans-

form infrared spectroscopy, extrinsic 

and intrinsic f luorescence, analytical 

ultracentrifugation, size exclusion 

chromatography with multi-angle 

light scattering, dynamic light scat-

tering, and differential scanning calo-

rimetry.

“To fulfill regulatory requirements, 

the biopharmaceutical industry in-

creasingly expects its contract ser-

vice providers to offer comprehensive 

characterization capabilities from a 

single location,” said Luc-Alain Savoy, 

Managing Director SGS Life Sciences 

Geneva, in a press release. 

“SGS is committed to investing in 

its network of laboratories to offer 

integrated solutions and adapt to its 

clients’ local and global needs” (3).
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Biopharma Demand 
Continues to Influence 
CMO Actions

Partnerships, mergers, and new services indicate that 

biologics are continuing to influence CMOs’ and CDMOs’ 

decisions to expand their biopharmaceutical services. 
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Regulatory Watch

The NIST genome editing consortium 

includes a range of industry members 

and seeks experts who can help design 

reference materials and refine assay 

protocols.

In addition, manufacturers pursuing 

initial development of novel gene and 

cellular therapies now may gain early 

advice from less formal meetings with 

FDA experts. A new INTERACT pro-

gram (Initial Targeted Engagement for 

Regulatory Advice on CBER producTs) 

replaces current pre-pre-IND meetings 

for all CBER products. The aim is to help 

less experienced sponsors and investi-

gators better understand FDA expecta-

tions for preclinical testing, aspects of 

manufacturing for first-in-human trials, 

and initial clinical development strate-

gies, with the aim of avoiding unneces-

sary or inadequate studies. At the same 

time, CBER staff hopes to gain early in-

sight into new products and technolo-

gies entering the R&D pipeline. These 

very early meetings still will be followed 

by more formal meetings between spon-

sors and FDA staff at pre-IND and pre-

biologic license application (BLA) meet-

ings, as has been the case (1). 

FDA further outlined in a guidance 

document (2) what manufacturing in-

formation is needed to support clinical 

development on chemistry, manufac-

turing, and control (CMC) information 

for investigational human gene thera-

pies. This update of a 2008 advisory 

describes how manufacturers should 

provide sufficient CMC information to 

assure the safety, identity, quality, purity, 

and strength/potency of investigational 

gene therapies. A related guidance ad-

dresses the proper testing of retroviral-

based gene therapy products to ensure 

proper testing for replication competent 

retrovirus (RCR) during production (3).

Additional FDA guidance documents 

address how sponsors should assess 

when and how to monitor the long-term 

follow-up of gene therapies and provide 

recommendations for developing novel 

treatments for hemophilia, retinal dis-

orders, and rare diseases. These guid-

ance documents are “building blocks of 

a modern, comprehensive framework” 

for advancing the field of gene therapy, 

said FDA commissioner Scott Gottlieb, 

in announcing these advisories for ad-

vancing innovative R&D. Some of these 

products “are almost certainly going to 

change the contours of medical practice,” 

he commented, and FDA seeks to ensure 

the safety and effectiveness of resulting 

treatments to “build peoples’ confidence 

in this novel area of medicine” (4).
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Instead of taking the usual August recess, the Senate stayed in Washington 

to approve several multi-agency budget bills for the government fiscal year 

that begins Oct. 1, 2018. The measures boost funding for FDA and the National 

Institutes of Health (NIH) and include a contentious provision that requires 

biopharma companies to disclose product prices in direct-to-consumer (DTC) 

advertising.

The DTC ad measure was added to a major Senate appropriations bill for the 

Departments of Labor, Education, and Health and Human Services (HHS). That 

legislation provides a $2.3-billion increase in NIH funding, to $39 billion, with 

some of that money directed to combat the opioid epidemic by supporting NIH 

research to develop non-addictive pain therapies.

Most notable is an amendment that aims to provide consumers with more 

information on drug costs by instructing HHS to develop and implement rules 

requiring manufacturers to list drug prices in ads. This provision most likely will 

involve a formal rulemaking process to clarify what information (e.g., list or dis-

counted prices) should be disclosed and how the policy would be implemented.

In another major funding bill for the Department of Agriculture and other 

agencies, the Senate approved a $159-million budget increase for FDA, to bring 

its resources up to $5.4 billion for 2019, including more than $2 billion in user 

fees. That increase directs FDA to allot an additional $88.5 million to enhance 

medical product oversight. The Senate plan, though, provides much less than 

the $400-million hike for FDA requested by the administration, and is well 

below the $308-million boost approved by House committees. The House plan 

would provide $260 million in added funds directed to advance drug and medi-

cal device manufacturing, modernize general drug development, and support 

new science to evaluate drugs.

Senate leaders hope that their House colleagues will agree to negotiate 

final funding packages through conference committees, instead of waiting 

for formal House approval of separate budget bills. All parties want to final-

ize these spending bills before Oct. 1, 2018 when the government could shut 

down without approved funding for the 2019 fiscal year. Pharma companies 

seek to remove the price disclosure provision, while advocates for sufficient 

FDA resources, such as the Alliance for a Stronger FDA, are working to gain final 

funding closer to the higher House proposals.

—Jill Wechsler

Senate Spending Bills Give Minor Boost to FDA, Seek Price Disclosures in Ads

contin. from page 16
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glatiramer acetate), or complex polysaccharides such as 

pentosane polysulfate or enoxaparin. Even though they 
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Ross Bow Tie Dispersers, 

or High Viscosity 

Dispersers, are heavy-
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for heavy pastes and 

viscous liquids up 
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with stainless steel 304 wetted parts. An 

explosion-proof inverter-duty motor helps 

the mixers incorporate solids into liquid 

vehicles in a consistent manner without 

running at high speeds.
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www.mixers.com • tel. 800.243.ROSS
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Pharma & Biotech, is the leader in capsule-

based solutions and services, proudly 

offering Capsugel® products. With a 
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and manufacturing, bringing unmatched 

products and technical support to our 
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Thermo Fisher Scientific provides end-

to-end development and manufacturing 

solutions to customers of all sizes 

through Patheon and Fisher Clinical 

Services, which deliver pharma services 

and clinical trials services. With more 

than 40 locations around the world, 

the company has extensive capabilities 

including drug substance and product 

development, clinical trials, and 

commercial-scale manufacturing.

Patheon • 4815 Emperor Blvd,  Durham, NC 

27703-8580 • www.patheon.com
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CordenPharma is your full-service CDMO in 

the manufacturing of APIs, drug products, 

and packaging services. Through a 

network of facilities organized under five 

Technology Platforms — Peptides, Lipids & 

Carbohydrates; Injectables; Highly Potent & 

Oncology; Small Molecules; Antibiotics — 

CordenPharma experts translate complex 

ideas into high-value products.

Corden Pharma International GmbH • 
www.cordenpharma.com

CPhI Worldwide Booth Number: 7F30

Catalent’s global clinical supply network has 

eight cGMP facilities and over 50 supporting 

depots, managing more than 150,000 

shipments per year to over 80 countries.

Recent multi-million-dollar investment 

at its sites in Singapore, Philadelphia, 

and Kansas City has expanded Catalent’s 

capacity to meet the challenges of today’s 

complex clinical trial supply demands. 

Catalent Pharma Solutions • 14 Schoolhouse Rd, 

Somerset, NJ 08873 • tel. 1.888.SOLUTION • 

solutions@catalent.com • www.catalent.com

CPhI Worldwide Booth Number: 3D10

Vetter is a leading 

contract development 

and manufacturing 

organization 

headquartered in 

Ravensburg, Germany, 

with production facilities in Germany and 

the United States. Its service portfolio 

ranges from development support 

including clinical manufacturing to 

commercial supply and packaging solutions 

for prefilled syringes, vials, and cartridges.

Vetter Pharma International GmbH • 

Eywiesenstrasse 5, 88212 Ravensburg, 

Germany • 0049 751 3700 0 • 

www.vetter-pharma.com/en/ •

info@vetter-pharma.com 

CPhI Worldwide Booth Number: 3C80
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Checking Incoming Goods

Detailed process descriptions and robust documentation aid in compliance 

as well as training, says Siegfried Schmitt, principal consultant at PAREXEL.

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 odors/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. PT

D
A

M
IA

N
 P

A
L
U

S
/S

H
U

T
T

E
R

S
T

O
C

K
.C

O
M

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



+1 877 536 1509   >  www.fedequip.com

Federal Equipment Company has on-hand inventory in more than 200 
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scalable solutions.
reliably supplied.

CLINICAL SUPPLY 
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