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PRODUCT SPOTLIGHT

Custom-Design 
Process Vessel
Ross Charles’ custom-design process 

vessel can be modified to fit a range of 

requirements. The 300-gallon vessel 

is suited for 5-psi internal pressure at 

300 °F. Product-wetted surfaces are 

304L-type stainless steel and polished 

to 240-grit finish. The vessel is agitated 

by a disperser blade driven to 1150 rpm 

by a 75HP explosion-proof motor. The 

agitator shaft uses a mechanical seal running in an oil bath. 

Additionally, the vessel comes with a 50-psig American Society 

of Mechanical Engineers code-stamped baffled jacket sur-

rounding the sides and bottom for heating and cooling. All elas-

tomers, nozzles, sensors, dip tubes, valves, and operator controls 

are supplied based on the end user’s specific requirements.

Ross, Charles & Son 

www.mixers.com

Air-Operated, 
Double-Diaphragm Pumps

Wilden, part of PSG, a Dover 

company, added PS220/230 

FIT 25 mm, one-inch metal air-

operated, double-diaphragm 

pumps to its lineup. The 

pumps feature bolted product 

containment and are direct 

replacements for existing 

clamped and bolted pumps 

from the company. Direct replacement allows for the pumps to 

fit bolt-to-bolt and pipe-to-pipe in existing fluid-handling piping 

systems. The pumps are shear sensitive and feature self-priming 

and dry-run capabilities, and offer the longest mean time between 

repair (MTBR), and increased anti-freezing and on/off reliability. 

These pumps are equipped with the company’s Pro-Flo Shift 

Air Distribution System (ADS) for energy efficiency, which incorpo-

rates an air control spool that automatically restricts the amount 

of air going into the pump during the latter part of each stroke, 

eliminating over-filling of the air chamber and resulting in reduced 

energy consumption, according to the company. The pumps, avail-

able in aluminum, stainless steel, and ductile iron, are available 

with maximum discharge pressures to 8.6 bar (125 psig), maximum 

flow rates to 254 lpm (56 gpm), and maximum suction lifts to 6.9 

m (22.7 ft.) dry, 9.0 m (29.5 ft) wet. Diaphragms are available in 

Buna-N, EPDM, Polyurethane, PTFE, Saniflex, Viton, and Wil-Flex.

Wilden

www.psgdover.com/en/wilden

Feeder for 
Continuous 
Processing
Coperion K-Tron, a part of Coperion’s 

Equipment & Systems division, has 

added the K3-PH-ML-D4-QT35 to the 

company’s K3-PH brand of feeders. 

The design is suited for multi-feeder 

clustering in a variety of continuous processes, including direct 

compression, continuous extrusion, wet and dry granulation, and 

continuous coating, as well as traditional batch processes. 

The design features a modular concept with a reduced overall 

footprint enabled by a smaller D4 platform scale, which uses the 

company’s Smart Force Transducer (SFT) weighing technology. 

The SFT single-wire weighing technology provides a weight signal 

with a resolution of 1:4,000,000 in 80 ms. The modular concept 

also features a drive using a servo motor, which helps reduce the 

overall footprint and offers a larger turndown range, including low 

feed rates. Electronic functions include linearization, temperature 

compensation, and a digital low-pass filter to reduce the effect of 

plant vibration. The digital design eliminates the need for calibration.

Coperion K-Tron

www.coperion.com

Temperature-Controlled 
Shipping Solution

Almac Group has expanded availability of 

the Almac Pod, a temperature-controlled 

shipping solution service for biologics and 

other temperature-sensitive products, 

to the United States as part of the com-

pany’s end-to-end, global supply chain 

management solution. Originally released 

in Europe, the service is compliant with good distribution practices 

and comes in three models: protected, optimized, and dynamic.

The protected model is qualified for up to 96 hours against 

thermal challenges by the International Safe Transit Association 

and is available in -15 °C to -25 °C, +2 °C to +8 °C, and +15 °C to 

+25 °C temperature ranges. The optimized model is also qualified 

for up to 96 hours of protection, eliminates temperature excur-

sions, is suited for reuse with no shippers left at the clinical 

site, and requires no disposal. The dynamic model features 

upgraded operational processing capacity and flexibility, and 

uses a phase-change material to offer increased thermal protec-

tion. It can be immediately placed into appropriate storage at 

each point of packing and in-transit. For this model, Almac has the 

ability to perform a year-round pack out of clinical shipments.

Almac Group

www.almacgroup.com
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Continuous manufacturing is increasing rapidly in Europe’s 

pharmaceuticals sector after expanding only slowly for

several years. In 2016, Europe had—at 35%—the largest 

share of world pharmaceuticals output through continuous 

processes, according to a report by Transparency Market

Research (TMR), Albany, New York, on the global continuous 

manufacturing market, which it forecasts will grow by a 

compound annual growth rate of 8.8% in 2017–2025 (1).

Automation and digitization

TMR expects Europe to retain its leading position as it maintains

an above average growth rate, mainly due to the availability of 

advanced technologies and the greater number of technology 

providers in the region, led by Siemens AG of Germany. The rise

in the introduction of continuous manufacturing technologies, 

however, has not been accompanied by a similar strong increase

in the use of automation, or in particular, the adoption of 

digitization through the application of sensor-based on-line

monitoring. The industry in Europe appears to be holding back 

from introducing advanced digitalized measuring equipment, 

data analytics, and advanced automated controls to raise the

efficiency of its manufacturing practices. There has, for example, 

only been cautious use of automated real-time release

testing (RTRT) for on-line or in-line measuring and controlling 

of the quality and specifications of medicine components.

“A number of manufacturers have implemented use

of instrumentation such as near infrared (NIR) or Raman

spectroscopy for gathering information on processes, and in

the case of active substance manufacture, for determining

reaction end points,” explains an official at Ireland’s Health

Products Regulatory Authority (HPRA), Dublin, in an interview

with Pharmaceutical Technology Europe. “However, not many 

have implemented these as fully operating real-time release

systems,” he adds.

Regulatory hurdles hinder adoption of new technologies

Ireland is one of Europe’s major centres for pharmaceuticals

production with nine out of 10 of the world’s leading drug

companies having operations there. A priority in its current 

strategy from 2016–2020 is to encourage new technologies 

such as digitization and the Internet of Things (IoT). Despite

initiatives by most regulatory agencies across Europe to

encourage pharmaceutical companies to introduce continuous

manufacturing and automation technologies, many producers

are deterred by the need to obtain regulatory approvals for the

installation of digital equipment and systems.

“The introduction of any in-process sensors as part of the

control strategy will need to be appropriately supported and 

approved prior to implementation,” says a spokesperson for 

the United Kingdom’s Medicines and Healthcare products

Regulatory Agency (MHRA). “It is also normal practice for,

where relevant, submission-specific manufacturing site

inspections to be carried out as part of the review process,

[which] would involve both assessors and inspectors.”

Pharmaceutical companies complain that in Europe, in

particular where post-marketing changes or variations to

processes are mainly approved at the national level, there are

too many inconsistencies in the way authorization decisions on

the changes are applied. The Parenteral Drug Association (PDA)

announced in July 2017 that a survey of its members on the 

impact of national-level post-approval changes showed a 97%

belief that the regulations on variations were hurting innovation

and holding back technological progress (2).

“It is not so much that the European regulations on

variations are prohibitive,” Ursula Busse, a European-based 

quality regulations specialist and member of the PDA board 

of directors, told Pharmaceutical Technology Europe. “A lot

depends on the way they are implemented.” 

PDA has been urging that more use be made of the

concepts behind the pharmaceutical quality system (PQS) 

put forward by the Geneva-based International Council for

Harmonization (ICH) to be applied throughout a product’s

lifecycle along with good manufacturing practice (GMP)

requirements. In today’s pharmaceuticals market, post-

marketing changes to processes are inevitable, PDA contends,

therefore, adherence to PQS principles should be used as a

possible means to reduce the need for approval of variations.

Gaps in existing regulations

Another concern for drug companies is that fast advances in

technologies, especially in automation and digitization areas,

are leading to gaps in existing regulations. “There does not 

need to be new regulations but rather a reshaping of existing

regulations and guidelines,” Busse said.

Pharmaceutical companies are worried about the

interpretation of regulations by the regulators themselves; the

regulations have failed to keep pace with the new technologies,

especially those based on the collection of vast quantities of 

data from automated equipment and sensor systems.

“Ten years ago, only limited amounts of process control

data could be captured, processed, and analyzed,” Peter 

Behner, leader of the pharma life sciences sector in Europe

Europe Leads the Way in 

Continuous Manufacturing
The shift toward continuous manufacturing among European pharmaceutical manufacturers has not been 

accompanied by a similar strong increase in the use of automation and sensor-based on-line monitoring.

Sean Milmo

is a freelance writer based in Essex, UK, 

seanmilmo@btconnect.com.
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at the PwC consultancy Strategy&, told Pharmaceutical 

Technology Europe. “Now huge amounts of it can be stored 

and analyzed,” he continued. “Furthermore, it can be stored 

and updated in a permanent, automatic process. This 

needs to be reflected in guidelines.” Revisions of guidelines 

can, however, take several years after allowing for multiple 

drafts and public consultations. As a result, new versions of 

guidelines could be technologically out of date by the time 

they are finally published.

The basic concepts governing regulations and their 

implementation for quality controls and management 

in pharmaceutical manufacturing are laid down in three 

International Council for Harmonization (ICH) guidelines—

Q8 and its revisions, Q9 and Q10 (3–5). ICH Q8 covers 

pharmaceutical development, Q9, quality risk management, 

and Q10, PQS. A fourth guideline, ICH Q11 (6), gives guidance on 

the production of drug substances in line with advice in Q8–10. 

A major disadvantage of the ICH Q8–10 guidelines is that, 

although accepted by both industry and regulators as still 

being highly relevant to today’s manufacturing trends, they 

were drawn up more than five years ago before automation 

and digitization began to make inroads into life-science 

sectors such as pharmaceuticals. Also, the guidelines were 

mainly focused on the creation of quality controls during 

the development of processes, whereas the introduction of 

automation systems, particularly in continuous processing, is 

likely to take place after a product is commercialized. 

ICH Q12 guideline

In line with the policy of regulators in Europe and North 

America to concentrate more attention on controls in the 

post-authorization period, ICH is currently creating a Q12 

guideline (7) to deal with what it calls a “lack of a harmonized 

approach on technical and regulatory considerations for 

lifecyle management.” ICH admits that “several gaps exist 

which limit full realization of intended benefits” of Q8–11, 

in which the main emphasis has been on the early stages of 

the lifecycle (7).

 “Generally what is and what is not a variation with 

digitalization/automation is still a bit of a grey area given the 

early stage of many of the technologies and their adoption,” 

said Marcus Ehrhardt, a life-sciences strategy advisor at 

Strategy&. “We hope that ICH Q12 expert working group will 

be much more specific in deciding how digitization can be 

used in quality control strategies.”

The expert group, including specialists from governments, 

regulators, and industry, was due to finalize Q12 in the second 

quarter of 2017, but now it is not likely to be finalized until 

the middle of 2018 (8). Meanwhile, professional organizations 

such as PDA and the International Society for Pharmaceutical 

Engineering (ISPE) have been putting forward their own 

guidance on automation. 

An ISPE group headed by Christoph Herwig, professor 

of biochemical engineering at the Vienna University of 

Technology, Austria, published this year proposals (9) for a 

“holistic” production control strategy that would “address 

challenges from digitalization and big data management.” It 

would aim to transform today’s development-based controls 

system into one that would meet the quality needs of 

post-authorization commercial manufacturing.

“Regulatory prerequisites for the [holistic] approach are 

already in place,” according to the ISPE group (9). The guidelines, 

however, need to be adapted to take into account current 

technological trends such as Industry 4.0, the fourth industrial 

revolution driven by automation, IoT, and cloud computing.

FDA and EMA jump onboard

Although European regulatory agencies, headed by the European 

Union’s European Medicines Agency (EMA), have been active in 

promoting innovation, they have fallen behind initiatives in 

digitization taken by the United States Food and Drug 

Administration (FDA). Nonetheless, the two agencies are 

collaborating on automation and digitization matters. In April 

2017, they published a report (10) on a five-year joint pilot 

programme for parallel assessments of applications containing 

quality-by-design (QbD) elements. The aim of the project, 

completed in 2016, was to facilitate consistent implementation 

by the two agencies of QbD concepts in ICH guidelines. 

The programme included assessment of RTRT methods and 

prediction models in continuous manufacturing processes and 

post-approval issues such as change management. The report 

concluded that on the basis of the parallel assessments in the 

pilot, “there is solid alignment between both agencies regarding 

the implementation of multiple ICH Q8, Q9, and Q10 concepts.” 

As a result, both agencies are “currently exploring potential joint 

activities with specific focus on continuous manufacturing (and) 

additional emerging technologies.” 

“FDA has been more open and progressive about digitization 

than EMA,” Behner said. “But FDA and EMA are working 

together and both take into account ICH thinking and 

guidelines. Ultimately, they will be aiming to achieve the same 

objectives with digitization.”
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ARTIFICIAL INTELLIGENCE

AI Provides 
New Insights 
for Accelerated 
Drug Development
By identifying patterns, artificial intelligence and deep 

learning platforms help researchers discover new drugs faster.

The enormous cost associated with drug 

development is one of the biggest challenges 

for pharmaceutical manufacturers. With an 

estimated cost of $2.6 billion and more than 10 

years (1) to develop and test a drug candidate, the 

pharmaceutical industry is constantly looking for new 

efficiencies that will save time, money, research, and 

resources. One new ally that is showing promise is 

artificial intelligence (AI) and machine learning.

AI is proving to have enormous potential in many 

areas of healthcare, including chemical research 

and discovery. Using large pools of aggregated data, 

AI can discover and learn, hence, turning data into 

usable and actionable knowledge. In the not-too-

distant future, AI platforms coupled with in-memory 

computing technology will be able to provide 

accelerated drug discovery and delivery and also help 

scientists find new uses for drugs. 

Data-driven development
The key enabler to the success of AI in drug 

development is sharable data. Pharma and medical 

researchers have vast pools of data at their disposal 

in the public health ecosystem. Sources of patient 

data include clinical trials, electronic health 

records (EHRs), high-resolution medical images, 

and genomic profiles, all of which can be useful 

for drug development. 

While the use of AI in clinical situations is still 

limited, the most practical applications for AI 

reside in taking on what can be considered the 

more mundane, data-driven tasks. Pharmaceutical 

researchers also have massive libraries of 

compounds and results from drug development 

testing. By using AI tools that can rapidly evaluate 

the extensive collections of synthetic and theoretical 

drug banks, the research teams—with an AI assist—

can uncover hidden gems. 

Using algorithms, AI systems can discover patterns 

in these data pools. The AI system rapidly learns 

how to hone in on key information and develop 

hypotheses. It can refine its answers over time.  

With machine learning, including deep learning, the 

computer is trained to figure out a problem, rather 

than having the answers programmed into it.  

It is no secret that the average biomedical 

researcher processes huge amounts of new 

information. Just keeping up with all the published 

data on a topic is a challenge. The bioscience 

industry is bombarded with tens of thousands of 

new publications uploaded on a daily basis from 

biomedical databases and journals around the world. 

Researchers, even those with large teams, cannot 

begin to process all the scientific data related to their 

area of investigation.

AI gives scientists and researchers the ability to 

correlate, assimilate, and connect existing data more 

rapidly. AI and in-memory computing can review 

billions of reported scientific research papers and 

abstracts and link direct relationships between the 

data, compiling a list of known facts. With these 

facts, AI can make connections that help generate a 

large number of possible hypotheses, using criteria 

set by the research team.

An additional benefit of using AI is breadth. 

Researchers in the early testing phase can tap into 

a broader chemical space, using AI to eliminate 

variables faster and help researchers pick the best 

compounds for efficacy and safety. 

AI coming to life 
Today, the approach used by most pharmaceutical 

companies involves screening large numbers of 

molecules for promising drug candidates, and then 

carrying out a number of tests in the hope of finding 

a winner. This is an expensive exercise that takes an 

enormous amount of time. But what if AI could do the 

tedious molecular screening?

Biotech company Insilico Medicine, for example, 

is working on “imagining” new cancer-like molecules 

with specified properties. The company is using a 

relatively new deep learning technique known as 

the generative adversarial network (GAN). GANs can 

create entirely new data that are indistinguishable 

from real data, by using two competing neural 

network models. A generative model tries to generate 

output that “looks like” real data. A discriminative 

model takes input from both the generative model 

and real data and tries to distinguish between them. 

Generative models are commonly used to create 
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images, speech, or text, but this is the 

first time a GAN has been used for 

cancer drug discovery. Researchers 

in Insilico’s Pharma AI division have 

reported that its network has used 

historical biological and chemical data 

to imagine 69 new molecules with the 

potential to fight cancer. 

Insilico has also used AI to help 

predict the therapeutic use of drugs. Its 

AI platform was fed experimentation 

data on 678 drugs and the effects 

they had on gene expression in three 

types of human cells. The AI platform 

developed an ability to classify drugs 

into therapeutic use categories, 

achieving 54.6% accuracy in identifying 

one out of 12 of the drug’s therapeutic 

applications.

This type of success with AI 

represents a huge step for researchers, 

who otherwise would have to make 

these predictions through countless 

hours of experimentation. And as 

a bonus, the AI platform’s “wrong” 

answers were helpful, pointing 

at secondary uses for drugs that 

researchers had not considered. 

Saving fallen angel drugs
Less than 10% of potential medicines 

make it to market, meaning millions 

of testing hours and dollars are spent 

on each fallen angel drug. Eager to 

find ways to use that research data, 

manufacturers are turning to AI to find 

new ways to repurpose drugs that 

have already gone through the early 

stages of testing. By doing that, the 

turnaround to market is faster and less 

expensive than starting from scratch.

AI can also build on structural 

and pharmacological similarities in 

drugs. By comparing testing results 

and rapidly evaluating huge amounts 

of data, an AI platform can find 

interconnections for something that 

hasn’t been recorded for a particular 

drug, eliminating hundreds of manual 

lab testing hours. 

The future value of AI
Though real results are just starting to 

come in, AI is showing positive traction 

in drug development. AI platforms 

are helping pharma researchers 

identify new drug targets. AI is also 

showing the potential to decrease the 

time required to screen molecules, 

as AI systems can identify patterns 

far more rapidly than humans. It 

can also determine which drugs are 

most effective in the treatment of 

specific diseases. Machine learning 

can help pharma recover the value of 

repurposed drugs by finding different 

therapeutic applications. 

With the capability to look at 

14 trillion data points in a single tissue 

sample, AI can help eliminate the years 

lost in trial-and-error drug development 

(2). By tapping into untapped data 

pools, AI has the potential to shave 

millions—maybe trillions—of dollars off 

the cost of drug development. 
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This has been another big year for acquisitions in 

the contract development and manufacturing 

organization (CDMO) industry. In the first three quarters 

of 2017, there have been 25 deals in which a CDMO was 

the acquisition target (see Figure 1). The final number 

of deals is likely to trail 2016 (34 CDMO acquisitions), 

but the total value of the transactions is likely to exceed 

US$20 billion, which will far exceed 2016’s total. Average 

deal multiples look to be about 13.5x EBITDA (earnings 

before interest, taxes, depreciation, and amortization), 

a big premium above the 10x multiple at which private 

equity investors typically value acquisitions; a number of 

deals have come in at multiples in the 15x–25x range.

Aside from the sheer size of the transactions, 

deals in 2017 are most notable because they 

may have finally created some CDMOs with the 

scale, breadth, and financial wherewithal to be 

strategic manufacturing partners to global bio/

pharma companies. Global bio/pharma companies 

represent the last frontier for CDMOs: they outsource 

only approximately 25% of their drug product 

manufacturing requirements, compared to 70–80% 

for small and mid-size bio/pharma companies, and 

they use CDMOs to manufacture fewer than 15% of 

their biologics products. 

CDMOs are fighting ingrained culture and deep 

pockets when trying to get global bio/pharma 

companies to outsource more of their manufacturing 

requirements, but they are also handicapped by 

scale and scope. An average size global bio/pharma 

company (top 25 by revenue) has approximately 

US$20 billion in revenues and 

US$3.5–4.0 billion in cost of 

goods, plus as much as another 

US$1 billion for developing and 

manufacturing clinical candidates. 

That means the manufacturing 

requirements of that average 

global bio/pharma company are 

two to three times the revenues 

of the three largest CDMOs, which 

all had revenues of US$1.5–2 

billion prior to the latest round of 

acquisitions. Even those largest 

CDMOs had limited capabilities 

(only API, no dose; or strong solid 

oral dose, limited injectable, and 

API), and companies in the next 

tier of CDMOs (US$500 million–

US$1 billion range) had even 

more limited capabilities and/or 

significant financial issues.

Global bio/pharma companies are struggling to 

manage complex supply chains with hundreds of 

vendors, but the limited scale and scope of most 

CDMOs left the global companies with few choices 

for consolidating their supply base without becoming 

too big a piece of a given CDMO’s business. Thanks to 

the latest round of acquisitions, however, the industry 

now has some participants that, either on their own 

or in concert with their parent companies, have the 

scale, scope of capability, and financial sophistication 

to be taken more seriously by global bio/pharma 

companies. Consider the implications of some of the 

major deals in 2017.

Lonza–Capsugel 
Capsugel’s US$1 billion in revenues pushes Lonza’s 

total revenues past the US$5-billion threshold, giving 

it manufacturing scale equivalent to a US$25 billion 

bio/pharma company. It also expends its scope by 

bringing dose form capabilities, including softgels 

and solubility-enhancing technologies such as spray-

drying, and its market-leading hard gelatin capsule 

business; all of those are key inputs for prescription 

pharmaceuticals and nutraceuticals and a big part of 

any bio/pharma company’s procurement spend.

Thermo Fisher–Patheon
Combining Patheon with Thermo Fisher’s clinical 

supplies business fills a major gap in Patheon’s 

service portfolio and creates a CDMO with US$3 

billion in revenue, comparable in size to Lonza’s 

CDMO Acquisitions Build 
Strategic Supplier Base
Recent acquisitions are creating CDMOs with scale that rivals global bio/pharma.
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 Source: PharmSource Strategic Advantage database.

Figure 1: Bio/pharma acquisitions in 2017, as of October 2017. 

SM is small molecule.
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pharma and biotech segment. 

Patheon is now better-positioned in 

the market for clinical development, 

manufacturing, and packaging 

services, which is becoming more 

important as a feeder into a CDMOs 

commercial manufacturing pipeline. 

As importantly, Patheon is now a 

significant part of a US$20-billion 

supplier of life-sciences products and 

services to the bio/pharma industry, 

rather than a US$2-billion standalone 

CDMO. 

Carlyle Group–AMRI
Acquisitions by private equity firms 

aren’t usually viewed as strategic, 

but a deal with a firm of the size 

and reputation of Carlyle could be 

transformational for AMRI. Carlyle 

will bring more financial savvy and 

operational focus to the company, 

which should strengthen it for the 

long term. The transformational 

opportunity will come about if Carlyle 

is able to bring in an executive team 

of significant stature and experience 

to drive the company to the next 

level, as Blackstone did for Catalent 

and JLL Partners did for Patheon.

Catalent–Cook Pharmica  
Catalent’s acquisition of Cook 

Pharmica, despite its nearly 

US$1-billion price tag, is not as 

transformational as some of the other 

recent deals: the company already 

has a growing biomanufacturing 

business, and the near-term revenue 

increment is much smaller than in the 

other cases. However, the deal makes 

Catalent a more complete provider 

in the biopharmaceuticals market 

as the addition of North American 

injectables and biomanufacturing 

capacity complement its existing 

biomanufacturing and analytical 

capabilities. 

Eurofins–multiple CDMOs 
Eurofins is worth noting not 

because of any one large deal but 

because of the way it has built a 

CDMO offering through a series of 

small acquisitions. Eurofins built its 

GMP analytical services capability 

around its acquisition of Lancaster 

Laboratories in 2011, but in the 

past two years, it has broadened 

its chemistry, manufacturing, and 

controls (CMC) portfolio into process 

development, formulation, and 

clinical manufacturing services by 

acquiring companies like Sinesis Life 

Sciences (Netherlands), Advantar 

Laboratories (USA), Alphora Research 

(Canada), and Amatsigroup (France 

and Belgium). Eurofins, with revenues 

exceeding US$2.5 billion, may be 

able to leverage its strong position 

providing analytical and bioanalytical 

services to global bio/pharma 

companies to get more of its clients’ 

development business.

The current financial market 

environment has been favourable to 

large-scale acquisition activity, and one 

might expect to see a few more large 

deals that consolidate the top end of the 

CDMO industry. However, the number of 

large and attractive acquisition targets 

is limited, which will limit the number 

of transformational deals in the near 

term. There is no doubt, however, that 

creating large-scale suppliers will be 

crucial to cracking the global bio/pharma 

market. PTE
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Pharmaceutical companies today face higher 

hurdles than ever before in getting products 

to market. The patient, as the end-user, is now 

a force to be reckoned with as governments, 

payers, and healthcare providers around the world 

place increasing emphasis on patient outcomes. 

With this new emphasis on patient centricity, the 

pharmaceutical industry has been quick to realize the 

importance of embracing the patient.

“The industry continues to move toward a system 

where the value of care determines a drug’s market 

success, as can be seen with outcomes-based 

management programmes targeting drugs for 

cancer, obesity, and pulmonary diseases,” observes 

Elizabeth Hickman, director of sales and marketing, 

Catalent Pharmatek. “Improving patient outcomes 

and patient experience is a growing trend,” she says. 

“And companies are looking at ways to achieve this 

through better drug design—such as bioavailability 

enhancement to improve therapeutic effect at lower 

doses, making drugs last longer with extended-

release profiles to reduce dosing frequency, delivering 

drugs through less invasive methods, simplifying 

complex regimens with combination drugs, and 

customized dosage forms for specific patient 

populations and/or indications.”  

Hickman cites a study by MarketWatch, which 

showed that patient noncompliance costs the 

pharmaceutical industry approximately US$330 billion 

annually (1). Noncompliance could be due to dose 

burden, size and quantity of dosage, or patient 

acceptance, she notes and highlights that aging 

and paediatric populations often present unique 

challenges to achieving compliance. “Dosage forms 

that improve swallowability, palatability, and dosing 

convenience, as well as reduce the pill burden 

can lead to better compliance, experiences, and 

outcomes for aging and paediatric populations,” 

Hickman explains. “These factors can also support 

better product differentiation, which can lead to 

improved product lifecycles and sales.” 

Children and the elderly
Patient-centric drug development considers the 

end-user from the start of the formulation process 

through to the selection and design of the dosage 

form and finished product. The evolving regulatory 

reforms in Europe and the United States (2–6) 

reflect the increasing drive toward patient-centric 

formulation development to ensure that drug 

products adequately meet the needs of end-users 

in all target patient populations. Developing a 

dosage form for geriatrics or paediatrics requires 

special considerations. In the elderly, factors such 

as age, morbidity, co-morbidity, multiple drug 

use, and reduced organ function have an effect 

on pharmacokinetics. The paediatric population, 

on the other hand, experience rapid and continual 

growth, development, and maturation; as a 

result, there are distinct physiological differences 

between neonates, infants, children, and 

adolescents. The most significant compliance 

challenge in older adults is polypharmacy and the 

Adeline Siew, PhD

Ensuring Patient 
Adherence 

in Paediatric 
and Geriatric 
Populations

Pharmaceutical companies are increasingly 

adopting patient-centric formulation 

development to ensure that drug products 

adequately meet the needs of end-users 

in all target patient populations.

The pharmaceutical industry has 
been quick to realize the importance 
of embracing the patient.
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pill burden, whereas for children, 

taste is often the biggest barrier.  

Geriatric. “The pharmaceutical 

industry acknowledges the special 

requirements for geriatric patients,” 

says Ravinder Kodipyaka, senior 

director and head of formulation 

R&D, Dr. Reddy’s Custom 

Pharmaceutical Services. However, 

he notes that product design and 

development for the elderly is 

complex because of the interplay of 

various factors. Geriatric patients 

often have concomitant conditions 

and according to Kodipyaka, pill 

cocktails for their multiple diseases 

have very limited clinical data 

available. “For those with cognitive 

problems, remembering multiple 

doses, multiple drugs, and their 

administration schedules can be a 

challenge. In addition, the reduced 

physical strength of the patient 

affects his/her ability to open packs, 

break tablets along the break-mark, 

or swallow tablets,” he adds. 

Although there are programmes 

and companies focusing on 

addressing the needs of older 

patients, Kodipyaka believes that 

there is scope to do much more. 

“We find that most of the drugs 

for chronic indications and/or 

that have age-related prescription 

potential are being developed 

as single-dose packs, push-pull 

packaging designs, and fixed-dose 

combination (FDC) products. Target 

population is a key factor that 

ODTs dissolve drug administration challenges

The advantages of orally disintegrating tablets (ODTs) as a patient-centric 

dosage form are well recognized. “Because of their convenience and ease 

of administration, ODTs are ideal for paediatric, geriatric, and psychiatric 

patients,” says Ralph Gosden, head of product development at Catalent’s 

Swindon, United Kingdom site. “They dissolve in the mouth without 

water, thereby addressing the problem of difficulty in swallowing. It has 

been reported that 25–45% of children have swallowing difficulties and 

30–40% of elderly institutionalized patients suffer from dysphagia.” He 

adds that ODT formulations reduce the overall cost of care, citing a study 

that showed children receiving orally disintegrating ondansetron tablets 

for the treatment of gastroenteritis had less vomiting, increased 

oral hydration, and reduced need for intravenous hydration (1). ODTs 

demonstrated economic value through cost savings from reduced length 

of hospital stay. The authors of the study noted that the ODT was easy to 

administer, had few side effects, and was safe and effective, making it a 

useful therapy in the emergency department for children with vomiting 

and mild-to-moderate dehydration as a result of gastroenteritis (1). 

According to Gosden, speed is an important parameter with ODTs. “The 

requirements for an ODT is to have fast dispersion rates,” he explains. 

“Rapid dissolution enables effective buccal and sublingual delivery, which 

may enable pre-gastric absorption, rapid onset of action, and reduced side 

effects by avoidance of food effects and first pass metabolism.” He adds 

that other desired critical quality attributes of ODTs include appearance, 

palatability, potency, physical/chemical stability, and physical strength to 

withstand packaging, shipping, and patient handling. 

Gosden, however, notes that drawbacks of ODTs include the requirements 

for taste masking and the drug loading capacity. Catalent’s Zydis Ultra 

technology was developed to address those limitations, he says. Zydis Ultra 

is the same basic formulation as Catalent’s Zydis ODT, which is a lyophilized 

oral solid-dosage form that dissolves in the mouth in less than three seconds. 

A lyophilization process is used to make the ODT. The API is formulated into a 

solution or suspension, which is then filled into blisters and passed through 

a specially designed cryogenic freezing process to control the size of the 

ice crystals and subsequent pore formation during freeze drying. After the 

drying step, the blisters are sealed to protect the product. 

Gosden explains that Zydis Ultra includes a dry coating process for 

taste masking. “Micronized polymer agglomerates, through the action 

of acoustic vibration and particle–particle interaction, are used to coat 

the host API. Particle collisions deform the deposited polymer to create a 

continuous coating layer,” he says. “No solvent is involved in this process; 

it is a completely dry process. It has the ability to coat small particles of 

approximately 100 μm and the potential for much higher API potency in 

the coated material.” 

Zydis Bio offers opportunities for the sublingual or buccal delivery of 

biologics, such as peptides, proteins, allergens, and vaccines in an ODT 

formulation, Gosden highlights. He adds that there are no extreme pH 

exposure or proteases in the oral cavity and this route avoids the harsh 

environment of the gastrointestinal tract. 

“For vaccines, Zydis Bio offers the potential to eliminate cold-chain 

storage. Zydis vaccines are suitable for mass immunization programmes 

and emergency response,” says Gosden. For stability, he explains, Zydis 

Bio uses a lyophilization process with low processing temperatures, and 

there are formulation options to optimize in-process stability such as 

through matrix component selection or pH adjustment. He adds that 

the dried product has low water activity to ensure long-term stability. 

Acceptable room temperature storage has been demonstrated for mul-

tiple peptide and protein compounds, according to Gosden. 

Catalent’s Zydis Bio technology enabled Danish pharmaceutical 

company ALK-Abelló A/S to successfully launch Grazax as a patient-

friendly allergen immunotherapy for the treatment of grass pollen-

induced allergic rhinitis (2). Grazax is a registered trademark of ALK-Abelló 

A/S. Patients previously had to make monthly visits to the clinic for their 

subcutaneous injections. The convenience of being able to administer 

a daily sublingual dose of the medication at home improved patient 

experience and increased patient adherence. 
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Adeline Siew, PhD

“Improving patient 
outcomes and patient 
experience is a growing 
trend.”

—Hickman, 
Catalent Pharmatek
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needs consideration in a product 

development programme. A holistic 

approach considering patient age, 

drug indication, and duration of 

therapy among others, needs to be 

adopted for systematic geriatric 

product development,” he says. 

Paediatric. Kodipyaka 

acknowledges that in terms of 

work that is done and being 

done for special populations, the 

paediatric population is one of 

the most progressive ones. “The 

pharmaceutical industry has actually 

developed and commercialized 

suitable products for children; for 

example, orodispersible dosage 

forms, orally disintegrating tablets, 

solutions, suspensions, powder 

for suspension, and drops for 

anti-retroviral, anti-tuberculosis, 

and anti-malarial products,” he 

says. An important driving force, 

he notes, has been the focus and 

support of regulatory bodies, 

non-governmental organizations 

(NGO), and global agencies such 

as the World Health Organization 

(WHO), which have gathered huge 

data points on what is required for 

paediatric patients. Despite these 

efforts, there are still unmet needs, 

according to Kodipyaka, “particularly 

with challenges of taste masking; 

the risk of suboptimal dosing due to 

spitting/vomiting by children; high 

dose drugs, where administering 

Reducing medication errors

Oral drug delivery continues to be the preferred route of administration 

because of its convenience and patient acceptance. The vast majority of 

marketed products today are tablets, observes Gretchen Bedford, global 

market research analyst at Colorcon. “As medicine advances, so do specialized 

solid-dosage forms with drug combinations and layered, extended- and imme-

diate-release tablets, as well as enteric-coated tablets and capsules,” she says. 

Charlotte Miller, film coatings manager, Colorcon EMEA, notes that the 

number and variety of medicines available are increasing. “Patients are now 

taking multiple medications and living longer,” she says. “Administering 

medicines may be carried out by several healthcare professionals, and 

communication failures can lead to mistakes.” Miller points out that 

medication errors are reported to harm 1.5 million people every year, 

some of which result in sickness, injury, and death (1). “It is estimated that 

between 2–14% of patients are admitted to hospitals due to medication 

errors, and approximately 1–2% of those patients are harmed as a result (2),” 

she continues, adding that these numbers are alarming considering that most, 

if not all medication errors could be prevented. “Further, these statistics 

only include those medication errors that have actually been reported,” she 

says, but highlights that awareness and better reporting have resulted in the 

increased number of recorded medication errors. “Many of the regulatory 

authorities have issued guidance or directives (3, 4) to ensure that any errors, 

no matter how small, are captured, as well as to ensure learnings are made 

to prevent reoccurrence of incidents.”

Miller notes that the United States Food and Drug Administration and EMA 

have published guidance for industry to minimize the risk of medication 

errors (5, 6). “These guidances aim to address the design of drug products 

to promote the safe and correct use and minimize or eliminate hazards con-

tributing to medication errors at the product design stage,” she says. “The 

FDA guidance conveys the current thinking about how a safety-by-design 

approach to new product development can be an effective tool in reducing 

the unintentional medication errors that result in 44,000–98,000 deaths 

in the US each year (7). Recommendations include, but are not limited to, 

the adequate distinction between immediate-release and extended-release 

or delayed-release products, differentiation between multiple dosage 

strengths, and inclusion of clear, legible imprints to help identification. The 

size, coating, and palatability of the tablets should also be considered to 

ensure tablets are easy to swallow, safeguarding patient compliance.”

According to Miller, manufacturers have a duty to ensure the medicines 

they develop are well differentiated, especially between dosages of the 

same product. “Medication is more easily identified if it has a distinctive 

appearance, and single or multiple visual indications are a defense against 

swallowing the wrong tablet,” she says. “For many, not just the elderly and 

their caregivers, colour alone can serve as that great safety net, an easy way 

to help reduce potential errors. For those who take multiple medications, the 

drugs can be safely commingled in a pill-sorting container where patients or 

caregivers rely on colour or other visual clues. Familiar colours, shape, and 

size also help patients remember proper dosing.” 

Miller adds that differentiating tablets does not have to be costly, but it 

does require the right resources at the right time. “Colorcon’s unique tablet 

design service, BEST, enables pharmaceutical companies to explore options 

and evaluate tablet shapes and sizes for ease of swallowing, as well as colour 

for differentiation,” she says. “Risk assessment studies using the proposed 

tablet(s) to simulate in-use testing can also be conducted with patients, 

pharmacists, and caregivers to identify any difficulties in identification of 

the product.”
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Patient-centric drug 
development considers 
the end-user from the 
start of the formulation 
process through to the 
selection and design of 
the dosage form and 
finished product.
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large volumes of liquid medications 

has practical challenges for the child 

and the drug administrator; and 

dosing accuracy with liquids.” The 

measuring cups or spoons routinely 

used with liquids may have residual 

volumes and most administrators 

either add overfills or the dose is 

administered less, he explains.  

Kodipyaka sees ample opportunities 

to develop more patient-centric, 

innovative drug-delivery systems 

and packaging systems that could 

address the specific needs of 

children. 

Controlled-release 
formulations to reduce 
dosing frequency
The shift to personalized medicine 

and an increasing focus on geriatric 

and paediatric applications is 

creating a demand for specialized 

dosage forms, observes Paul 

Spencer, head of the Oral Excipients 

Business at Evonik Health Care. 

“Controlled-release formulations, 

including once-daily applications, 

can improve patient adherence and 

enhance therapeutic success,” he 

says. “In an aging society, where 

there is an increasing number of 

people with multiple morbidities, 

who need to administer several 

drug products every day, 

controlled-release formulations 

offer significant advantages. 

They provide constant plasma 

levels over a desired timeframe, 

optimized bioavailability, minimized 

side effects, and reduced dosing 

frequency. Such factors help to 

increase patient quality of life and 

improve compliance. There are 

multiple chronic conditions where 

controlled-release formulations 

are being used, for example, 

cardiovascular diseases, diabetes, 

and diseases of the central nervous 

system, such as Alzheimer’s.” 

Fixed-dose combination 
to reduce pill burden
With polypharmacy and compliance 

being a huge problem, especially 

in geriatric patient population, Anil 

Kane, global head of Technical and 

Scientific Affairs at Patheon, part 

of Thermo Fisher Scientific, points 

out that FDCs offer the possibility of 

combining several drug candidates 

into a single pill. “FDCs could benefit 

patients from the potential increase 

in efficacy, synergistic effect, and 

a potentially lower dose, leading to 

higher convenience in administration 

and compliance,” he says. 

Kane explains that several drugs 

in the same category of therapeutic 

effectiveness have been combined 

for synergistic effects. “Specific 

examples include elvitegravir, 

emtricitabine, tenofovir disoproxil 

fumarate, cobicistat (Stribild, 

Gilead) for the treatment of HIV/

AIDS; metformin combinations with 

glipizide, glimepiride, pioglitazone, 

rosiglitazone, and many other 

gliptins for diabetes; and amlodipine, 

valsartan, and hydrochlorothiazide 

(Exforge HCT, Novartis) for 

hypertension,” he says. Citing an 

article (7) that listed the top 10 drugs 

that registered the maximum growth 

in global sales over 2015, Kane 

observes that interestingly, three of 

the 10 drugs are FDCs as highlighted 

in the following:

• Epclusa (sofosbuvir and 

velpatasvir), a new launch by 

Gilead, brought in US$1752 million 

in sales in 2016. Approved by 

the United States Food and Drug 

Administration in June 2016, the 

FDC was Gilead’s third sofosbuvir-

based regimen, but it marked 

the first and only all-oral, pan-

genotypic single tablet regimen for 

chronic Hepatitis C virus infection. 

• Genvoya (elvitegravir, cobicistat, 

emtricitabine, and tenofovir 

alafenamide) by Gilead recorded 

sales of US$1484 million in 

2016, compared with US$45 

million sales in 2015. The 

FDC demonstrated a better 

safety profile when tenofovir 

alafenamide was added to the 

combination. Genvoya has 

been the most successful HIV 

treatment launch since the 

introduction of the first single-

tablet regimen, Atripla.

• Triumeq (abacavir, 

dolutegravir, and lamivudine) 

by GlaxoSmithKline had sales 

of US$2151 million in 2016 

versus US$905 million in 2015. 

Triumeq was the company’s 

first once-daily, single-pill FDC 

tablet combining dolutegravir, 

an integrase inhibitor, with the 

nucleoside reverse transcriptase 

inhibitors abacavir and lamivudine.

From a development and 

manufacturing perspective, Kane 

says that various types of drugs 

have been successfully combined 

into a single unit of a solid oral-

dosage form, including low- and 

high-potency drugs; low- and high-

dose drugs, and immediate- and 

controlled-release profiles for 

individual drugs based on the site 

of absorption and efficacy. “Based 

on the chemical and physical 

stability of each active drug in 

the FDC, the dosage form can be 

developed as a simple monolithic 

tablet or a blend of actives with 

some excipients in a capsule,” he 

explains. “With molecules having 

stability challenges, we could 

develop dosage forms such as 

bilayer, tri-layer, tablet-in-tablet, or 

multi-particulates of each active 

in a bead/pellet form and filled 

into capsules. The techniques and 

technology have developed enough 

to achieve a good shelf life for a 

combination pill in one of these 

dosage form options.”

Taste-masking to 
improve palatability
Palatability and taste are crucial 

parameters for oral dosage forms 

because they have a significant 

impact on patient compliance, 

especially for the paediatric 

“The pharmaceutical 
industry acknowledges 
the special requirements 
for geriatric patients.”

—Kodipyaka, 
Dr. Reddy’s Custom 

Pharmaceutical Services.

“Controlled-release 
formulations, including 
once-daily applications, 
can improve patient 
adherence and enhance 
therapeutic success.”

— Spencer, 
Evonik Health Care
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population. Several approaches 

have been used to mask the taste 

of bitter APIs, such as the addition 

of flavours and sweeteners, 

modification of the API to minimize 

its solubility in the oral cavity, 

complexation with cyclodextrins, 

or the application of a coating to 

form a barrier between the drug 

and palate.

User-friendly dosage forms 
to improve patient 
experience and adherence
User-friendly dosage forms are 

increasingly popular with patients 

and consumers and are becoming 

more widely available on the 

market. “User-friendly dosage forms 

are orally administered formulations 

that are designed to make taking 

medication as convenient and 

trouble-free as possible for end-

users,” explains Martin Koeberle, 

head of Analytical Development and 

Stability Testing at Hermes Pharma. 

“These formulations, which include 

instant drinks, effervescent tablets, 

orally disintegrating tablets/granules 

(ODTs/ODGs), chewable tablets, and 

lozenges, overcome many of the 

difficulties commonly experienced 

with conventional tablets and 

capsules. As well as being easy to 

swallow, they can be formulated 

to offer a more pleasant taste and 

mouthfeel than traditional solid oral-

dosage forms. Some forms can be 

taken without any liquid, enabling 

consumers to conveniently integrate 

them into their daily routines.”

Koeberle notes that traditional 

oral dosage forms such as tablets 

and capsules pose a significant 

challenge for large number of 

people. A consumer survey, 

conducted in the US and Germany 

by Hermes Pharma and the Spiegel 

Institut Mannheim, found that more 

than half of the respondents from all 

age groups and genders experienced 

difficulties swallowing tablets and 

capsules (8). Various reasons were 

cited, but the most frequent were 

related to the pill being too large 

to swallow, becoming stuck in the 

throat, or having an unpleasant 

taste or odour. “As a result of 

these swallowing issues, some 

individuals reported not taking their 

medicine as intended (such as by 

crushing tablets or dissolving them 

in water), or worse still, not taking 

them at all,” Koeberle says. “For 

patients with chronic diseases or 

the elderly, who may need to take 

multiple medicines daily, this poses 

a significant problem.” He adds 

that because user-friendly dosage 

forms simplify administration and 

are more convenient to take, they 

can significantly improve patient 

compliance and treatment efficacy, 

as well as improve quality of life.

According to Koeberle, Hermes 

Pharma has developed a range of 

user-friendly combined calcium 

and vitamin D3 products for several 

international pharmaceutical 

companies. “These products 

are designed for osteoporosis 

patients, with doses ranging from 

500 mg to 1200 mg calcium and 

200 IU to 2000 IU vitamin D3. 

Our own versions are sold under 

the Calcimed brand, and include 

effervescent and chewable tablets 

as well as ODGs,” he says. “Many 

aspirin products are available on 

the market as effervescent and 

chewable tablets, instant drinks, 

and ODG formulations. With these 

user-friendly formulations, aspirin 

is often combined with other active 

ingredients such as phenylephrine, 

caffeine, and paracetamol.” 

Koeberle also highlights that in 

Germany, the most widely used 

formulation for mucolytic cough 

remedies containing acetylcysteine 

are effervescent tablets. “This 

user-friendly dosage form is more 

popular than other formulations, 

including syrups and conventional 

film-coated tablets,” he says.  

Conclusion
Kodipyaka sees a growing focus 

on patient-centric product 

developments. “In addition to safety 

and efficacy, patient compliance, 

convenience, and cost effectiveness 

are recognized as important 

elements for the commercial 

success of a drug product,” he 

says. Previous misconceptions 

that a business model focused 

on putting the patient first will 

not generate sufficient profits to 

satisfy shareholders are now being 

reconsidered; most pharmaceutical 

executives are beginning to see that 

patient centricity holds the key to 

sustainable profitability.
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“FDCs offer the 
possibility of combining 
several drug candidates 
into a single pill.”

—Kane, Patheon

“User-friendly 
dosage forms are 
orally administered 
formulations that are 
designed to make taking 
medication as convenient 
and trouble-free as 
possible for end-users.”
—Koeberle, Hermes Pharma
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Taste masking is a method used to improve not only the taste 

of bitter APIs in formulated drug products, but also mouth feel 

(smooth vs. gritty) and the overall acceptability of medications to 

patients. It can be achieved in various ways. Common methods 

include changing the API to a different form (e.g., drug freebase, 

salt, or pro-drug) that is less bitter; using sweeteners, buffers, taste 

modifiers, or aromas to reduce aversive sensory attributes; and 

complexing the API to prevent its interaction with taste receptors, 

such as with cyclodextrins and ion exchange resins. The API can be 

physically encapsulated through application of a coating (or coatings) 

to a drug particle or tablet, the use of barrier membranes, or the 

formation of solid dispersions via spray drying or hot-melt extrusion. 

Another potential method involves blocking of taste receptors 

directly or along the signaling pathway.

Taste masking is important because poor patient adherence often 

leads to worsening health and poor outcomes, along with increased 

costs across the healthcare system. A broader range of taste-

masking technologies is required for the growing number of different 

dosage forms and drug-delivery approaches in use and under 

development today to meet the unique and specialized needs of 

different patient populations. Paediatric patients consist of subgroups 

from babies to teenagers, each with its own requirements. Geriatric 

patients may have difficulty swallowing. Patients with neurological 

conditions may resist taking medications if the drug product is not 

easy to take. Excipient manufacturers and service providers focused 

on taste masking are overcoming a range of challenges—from 

regulatory hurdles to an ability to accurately predict and measure 

taste-masking performance—to develop technologies suitable for the 

growing range of dosage forms and delivery systems.

Many drivers
The use of taste-masking technologies is driven by a number of 

factors that can be classified as regulatory, economic, demographic, 

and philanthropic, according to Jeff Worthington, president and 

founder of Senopsys. Regulations in the United States and European 

Cynthia A. Challener 

is a contributing editor to 

Pharmaceutical Technology 

Europe.

Growing Demand 
for Taste-Masking 
Technologies
Taste masking increases drug acceptability and medication adherence 

in paediatric, geriatric, and other special patient populations.

Union both require the development 

of paediatric medicines and the 

submission of detailed plans that 

outline the studies to be conducted 

as part of the pharmaceutical and 

clinical development programmes. 

Unless a waiver is granted, 

pharmaceutical companies are 

required to develop paediatric 

formulations suitable for patients 

from birth to adolescence requiring 

age-appropriate dosage forms, such 

as liquids, orally dissolving films, 

fast dissolving tablets, granules 

(sprinkles), and mini-tablets, 

Worthington reports. 

Tablets and capsules effectively 

bypass the taste receptors in the 

oral cavity, but most of the paediatric 

(and geriatric) dosage forms have 

residence times in the oral cavity, 

meaning the drug active can be 

perceived. Palatability, however, is 

essential to dosing compliance and 

adherence; therefore, regulatory 

agencies require that companies 

demonstrate the palatability 

of drug products in paediatric 

patient populations as part of 

the pharmaceutical and clinical 

development programme. “Because 

many drug actives are bitter or have 

other aversive attributes including 

trigeminal irritation, malodor, and 

texture (e.g., grittiness), taste 

masking is required to ensure 

successful dose administration,” 

Worthington explains.

 Non-governmental organizations 

also support the development of 

paediatric dosage forms for use in 

developing countries. Solid-dosage 

forms that permit flexible dosing 

(e.g., granules and mini-tablets) 

are preferred due to a variety of 

factors, including lack of potable 

water, complex logistics, and lack of 

refrigeration, Worthington reports.

Geriatric patients present 

additional medication adherence 

challenges. “This demographic 

group is often taking multiple 

medications and dosages provided 

by their caregivers; they also have 

a greater degree of challenges with 

swallowing and handling. Taste-

masking is just one element that 

has to be considered,” according to 

Ali Rajabi-Siahboomi, vice-president 

and chief scientific officer of 

Colorcon.
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Dosage forms other than 

conventional tablets and capsules—

which may be difficult for older 

patients to swallow—need to be 

developed, adds Don Barbieri, 

technical product manager at SPI 

Pharma. He points to chewable 

tablets, dispersible powders, 

and orally disintegrating tablets 

as alternate dosage forms that 

can be administered to address 

swallowing difficulties. With orally 

dispersible products, however, 

there is a need for taste masking 

so that these dosage forms have 

acceptable palatability with little or 

no bitterness.

On the economic front, many 

of the growing number of drug 

candidates being developed to target 

orphan diseases, including many 

paediatric medicines, are often 

financially attractive due to premium 

pricing opportunities, market 

exclusivity, and priority regulatory 

reviews among other benefits; 

however, the formulations require 

taste masking, Worthington says. 

Formulators face
numerous challenges
A number of hurdles must be 

overcome when developing taste-

masking technologies that are 

effective. Top among them is 

achieving the necessary balance 

between preventing release of 

the API while the drug product 

is in the mouth but allowing for 

release once the medicine is in 

the stomach, according to Rajabi-

Siahboomi. “The pharmacodynamics 

and pharmacokinetics (PK) cannot 

be effected by the taste-masking 

technology,” he says. 

The taste-masking technology 

must be appropriate for the extent 

of bitterness of the API, its solubility, 

and dosage level, as well as the 

dosage form (coated tablet, liquid, 

or granules to be distributed on 

food, etc.). In some cases, adding a 

sweetener or flavour is sufficient; 

in others, some type of barrier 

membrane must be used. Taste 

maskers that sequester the API 

from taste receptors (e.g., particle 

coating, adsorption, complexation), 

however, may adversely affect PK, 

leading to effective taste masking 

but reduced bioavailability, according 

to Worthington.

Developers of taste-masking 

technologies also often work with 

APIs that have been incompletely 

or inaccurately characterized with 

respect to their aversive taste 

attributes because many APIs have 

multiple aversive taste attributes—

such as bitter and sour basic tastes 

with trigeminal irritation— each 

of which may require a different 

mitigation approach, according 

to Worthington. In addition, he 

notes that the absence of a robust 

measurement system to provide 

quantitative data on the intensity and 

duration of aversive taste attributes 

makes optimization of taste-masking 

technologies difficult.

Poor correlation of in-vitro taste 

models (e.g., the electronic tongue 

with human data) often results in 

sub-optimal taste masking and 

palatability issues, according to 

Worthington. There is also increasing 

regulatory pressure to reduce 

the number of excipients used in 

paediatric formulations, leading to 

the availability of fewer tools and 

lack of regulatory clarity on how 

specifically to approach paediatric 

formulation development. “For the 

most part, agencies have adopted a 

‘propose-and-justify’ approach, rather 

than ascribing a defined process,” 

Worthington comments.

Modifying existing APIs through 

complexation to ionic exchange 

resins, while effective for taste 

masking, can present regulatory 

challenges, according to Barbieri. 

“In the United States, over-the-

counter (OTC) monographed drugs 

can be marketed without further 

FDA approval. When an OTC 

monographed drug is attached to an 

ion-exchange resin, however, FDA 

considers the complexed drug to 

be a new compound that requires 

regulatory approval,” he explains. 

Getting novel excipients of any 

kind approved for use in prescription 

medicines is also challenging 

because there is no separate 

approval pathway for excipients. A 

new excipient must be approved 

along with a formulated drug 

product, and often drug developers 

are hesitant to take on the added 

API manufacturers announce capacity expansions in October 2017

CordenPharma announced an agreement to acquire a former Hospira Boulder 

high-containment API site from Pfizer in Boulder, CO, USA (1). The company 

also announced a US$4.4 million investment in its Liestal, Switzerland facility 

for small-molecule, peptide, and carbohydrate development services (2). 

Cambrex reported an investment in equipment for the development and 

production of generic APIs at its site in Paullo, Milan, Italy, including  de-

velopment and analytical equipment for highly potent APIs (HPAPIs), and a 

2800-L hydrogenator and 1500-mm diameter centrifuge. This investment 

follows the installation of a pilot plant at the site in 2017, and the construc-

tion of a US$24-million, 4500-sq.-ft. HPAPI manufacturing facility in Charles 

City, Iowa, USA (3).

Piramal Pharma Solutions announced that it is investing US$55 million in 

the expansion of its API manufacturing capabilities in North America and 

Asia, including multi-purpose plants with more than 270 kL of capacity to 

support the current pipeline. The CDMO will also expand the potency foot-

print at its plant in Riverview, MI, USA and strengthen its early development 

capabilities at its Ennore, India site. The company also reported that it will 

add early development capabilities for drug substance and drug product to 

its Morpeth, UK facility (4).
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risk of using an excipient that has 

not already been proven acceptable 

to regulators.

On the production side, Barbieri 

notes that the use of solvents for the 

application of taste-masked polymer 

systems is an issue. “Aqueous 

systems are definitely preferred to 

avoid the additional testing that is 

required to quantify residual solvent 

levels and the added cost of handling 

and disposing of solvents,” he says.

Recent advances 
in taste-masking 
technology
Recent innovations in established 

taste-masking approaches have 

been incremental rather than 

breakthrough or novel technologies, 

according to Worthington. As an 

example, he notes that in particle 

coating there have been advances 

in barrier coatings used for taste 

masking that are better at balancing 

the need to maintain the target PK 

profile while minimizing particle size 

to minimize grittiness. 

Senopsys applies expertise in 

sensory and formulation science 

garnered from the food industry 

to the development of palatable, 

patient-accepted drug products 

for its clients. These efforts 

include advances in the company’s 

quantitative FlavorMetrics Taste 

Assessment and FlavorOpt 

Taste Masking platforms and 

the development of methods for 

assessing the ease-of swallowing 

multi-particulate dosage forms 

(granules and mini-tablets), and a 

science-based approach to screening 

age-appropriate dosing vehicles 

for multi-particulate products. The 

company also is focused on the 

development of novel dosage forms 

to address unique dosing challenges, 

such as bars, chews, gummies, and 

ready-to-use puddings for high drug 

loading applications, according to 

Worthington.

SPI Pharma has developed a gelatin 

coacervation process as a new 

approach to taste masking of APIs. 

Originally introduced to manufacture 

carbonless copy paper, the process 

is performed in water without the 

need for solvents. The gelatin coating 

provides an excellent taste-masking 

barrier, and the resulting hydrogel film 

around the particle provides great 

mouth feel with smooth sensation and 

improved swallowability, according to 

Barbieri. “Interest in acetaminophen 

and ibuprofen taste masked with 

coacervated gelatin has increased 

significantly and, worldwide, more 

products are planned for introduction 

in the next one to two years,” he 

observes. Given the continuing 

increase in both interest and sales, SPI 

is actively evaluating other APIs that 

would be good candidates for taste 

masking via a coacervation process, 

according to Barbieri. 

In addition to offering its 

established barrier membrane 

technology (Surelease/Opadry 

combination) and ion exchange resin 

(using DowDuPont AMBERLITE and 

DUOLITE) taste-masking solutions, 

Colorcon is working with BASF on 

the application of that company’s 

Kollicoat Smartseal, a novel, reverse 

enteric polymer that is highly 

stable in saliva and specifically 

soluble in gastric juice. It is being 

evaluated by Colorcon for inclusion 

in a film-coating system to simplify 

and accelerate coating operations 

and provide new options for taste 

masking of drug particles and 

granules. Colorcon also recognizes 

the industry need for a pigmented 

taste-masking solution to address the 

issues of differentiation and patient 

recognition. “However, because 

the polymer is a novel excipient, 

there is a real challenge to get it 

approved. We are working with some 

branded pharmaceutical companies 

who are evaluating its use in their 

formulations,” Rajabi-Siahboomi says.

Meeting pharma’s 
short-term expectations
As demand for taste masking 

increases further, the industry will 

look for ways to improve coating 

efficiency, reduce processing 

time, reduce waste, and maximize 

product yields, according to Barbieri. 

“Excipient manufacturers can be 

of benefit here by providing to 

pharmaceutical manufacturers a 

selection of different substrates 

for bead coating in a range of 

different particle sizes. The various 

core beads can be made to target 

specific particle size specifications 

and narrow particle size ranges. In 

this way, manufacturers can select 

the most appropriate seed product 

for their process without having to 

perform additional screening steps to 

sort out the inappropriate size beads, 

thereby facilitating manufacturing and 

reducing waste,” he comments.

To better support the application of 

its new taste-masking technologies 

and offerings, Colorcon is developing 

new methods for in-vitro testing 

using artificial saliva that will be 

truer tests and resemble what 

occurs within the body. They will be 

intended for use in conjunction with 

conventional dissolution testing. 

“There needs to be a mechanism for 

confirming that formulated products 

are indeed taste masked. Current 

dissolution testing methods don’t 

accurately model what is in the 

mouth,” says Rajabi-Siahboomi.

Worthington expects to see 

advances in barrier coatings in which 

these systems are combined with 

smaller particles to yield further 

improvements in palatability and 

swallowability. He also notes that 

further advances in 3D-printing may 

provide additional opportunities 

for taste masking as well as enable 

on-demand production of custom drug 

products (personalized medicines).

Receptor disruption 
as a long-term solution?
Humans have approximately 30–40 

known bitter taste receptors (many 

more than for sweet, sour, or salty); 

different compounds activate 

different sets of receptors. Efforts 

are underway to identify compounds 

that block bitter perception. Because 

individual compounds activate 

different sets of receptors, the 

prospect would appear greater for 

interrupting the common signaling 

pathway rather than a multiplicity of 

receptors, according to Worthington. 

“Regulatory agencies might consider 

these to be biologically active 

components at either the receptor 

or signaling pathway level, however, 

meaning that the bitter blockers 

would be regulated as drugs—or at 

best novel excipients—either way 

impeding adoption by industry,” he 

states. It is possible though, that 

basic research in taste perception 

may lead to future advances in taste-

masking technology. PTE
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A large percentage of new chemical entities (NCEs) have 

physicochemical properties that require enabling 

formulations to achieve acceptable oral bioavailability and the 

associated therapeutic efficacy. Because of the increasing 

need for enabling formulations, a range of new drug-delivery 

technologies have been developed and commercialized. However, 

although commercial precedence of a number of enabling 

technologies has been established, significant expertise is 

required to identify and apply the most appropriate technology to 

a given drug candidate. 

There has been a recent emphasis on efficiently evaluating 

the safety and efficacy of compounds in preclinical and early 

clinical studies to save time, money, and resources. For NCEs 

requiring enabling formulations, formulation identification 

and development are based on a clear understanding of 

gastrointestinal (GI) tract physiology; the physicochemical 

properties of the drug molecule; and the target product profile 

(TPP), including dose, optimal pharmacokinetics profile, and 

preferred final dosage form. With this knowledge, key technical 

challenges associated with the drug candidate can be addressed 

early in formulation development.

In addition to bioavailability enhancement (BAE), many TPPs 

also require modified-release (MR) or targeted GI delivery 

technologies. Site-specific release in the GI tract may be desired 

to avoid API exposure to the gastric environment to limit acid-

catalyzed degradation, to maximize exposure in the lower 

intestine for local-acting treatments, or to release solubilized 

API in the gut over an extended timeframe to achieve an optimal 

pharmacokinetics profile. Antiviral molecules are often dosed 

with a cytochrome P450 inhibitor acting as a pharmacokinetic 

“booster.” Fixed-dose combinations (FDCs) requiring BAE and MR 

are increasingly common for therapeutic effect or reduced dosing 

regimens. Dosage forms designed for specific patient population 

groups (e.g., paediatric or geriatric) may also be required to 

address dosing issues. Simultaneously achieving TPPs involving 

Michael Morgen, PhD, 

is senior principal scientist; 

Michael Grass, PhD, 

is principal scientist; and 

David Vodak, PhD, 

is senior director, all at 

Capsugel’s Bend, Oregon 

facility.

Selecting the 
Appropriate Technology 
for Oral Bioavailability 
Enhancement
Model-based formulation and technology selection

methodologies facilitate rapid product development.

both BAE and MR or targeted 

delivery for one or multiple APIs, 

as well as developing a robust 

formulation that can be effectively 

advanced in an efficient manner, 

requires innovative formulations 

based on mechanistic models.

Defining the mechanistic 
delivery challenge 
The first step in formulation 

development is to identify 

the technical challenge to be 

addressed, which may include 

low aqueous solubility, low 

permeability, slow dissolution rate, 

significant metabolism or efflux, 

requirements for site-specific 

release in the GI tract, and/or the 

need to maximize or minimize 

systemic absorption. Mechanistic 

understanding of the drug-delivery 

problem statement early in the 

candidate development programme 

minimizes iteration of technology 

and formulation screening. It 

also directs experimentation to 

critical aspects of formulation 

performance, stability, or 

manufacturability, which increases 

efficiency by focusing on the most 

critical factors for compound 

progression. Formulation 

experience is crucial to quickly 

identify and address bioavailability 

challenges. By leveraging extensive 

institutional knowledge of 

molecules with similar properties 

and TPPs in the form of compound 

property maps and other physical 

models, formulation scientists 

can rapidly identify key problem 

statements for the NCE, and 

therefore better select formulation 

approaches likely to address the 

particular formulation challenge.

In-vitro testing 
Models of varying levels of 

sophistication guide technology 

and formulation selection for drug-

delivery applications. Simple models 

include guidance maps based on 

large and diverse historical data 

sets of molecules that have been 

successfully formulated. Such 

maps can be used to identify 

formulation starting points using 

the knowledge generated for 

similar molecules and formulations. 

Quantitative mechanistic models 
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Formulation

include maximum absorbable dose 

(MAD) estimates based upon a 

few easily ascertained molecular 

properties that can be used 

early in development to obtain 

initial estimates of absorption. 

For programmes in later stages 

of development, more detailed 

mathematical models based on 

a larger number of fundamental 

physical properties of the drug and 

formulation can be used to refine 

predictions of relative or absolute 

performance characteristics, 

such as percent dose absorbed or 

pharmacokinetic profiles. The best 

use of in-vitro tests is to generate 

key physical parameters that are 

used as inputs to these mechanistic 

models to identify rate-limiting 

steps to absorption, to rank-

order formulations for parameter 

sensitivity analysis, and/or to 

otherwise understand the impact 

of a key property on performance, 

manufacturability, or stability. 

A variety of both well-established 

and novel in-vitro tests are used to 

measure compound or formulation 

physical properties that are used 

as model inputs. The utility of 

specific tests depends on the 

properties of the compound, the 

limiting mechanism to absorption, 

and the type of formulation. For 

example, measurement of the drug 

molecule’s amorphous solubility can 

be used to estimate the maximum 

improvement in absorption of a 

low-solubility compound using an 

amorphous drug form, such as a 

solid amorphous dispersion, relative 

to absorption from the crystalline 

drug form. Similar screening 

tests can be used to select 

polymers to maximize sustainment 

of supersaturation prior to 

manufacturing any formulations 

as part of the preformulation work 

flow. In evaluating solubilization 

performance, an assessment of 

drug speciation is crucial because 

the concentration of drug dissolved 

versus that incorporated into 

solubilized species such as micelles, 

colloids, and nanocrystals can have 

a large impact on performance. 

A brief case study demonstrates 

the importance of careful use 

of in-vitro measurements in 

conjunction with quantitative 

models to design enhanced 

formulations. Figure 1 shows the 

solubilized drug concentration 

from the spray-dried dispersions 

(SDD) of a poorly water-soluble 

API relative to that provided by 

the crystalline form. Analysis by 

centrifugation or filtration showed a 

large enhancement in solubilization 

for the enabled formulation. A 

MAD calculation based on this 

analysis predicted an eight-fold 

enhancement in absorption in dogs 

due to solubilization. However, 

as shown in Figure 2, the area 

under the curve (AUC) provided 

by the SDD was only a little more 

than two-fold higher than that 

from the crystalline suspension. 

A more careful assessment of 

the drug speciation in vitro using 

spectroscopic analysis of data from 

fiber optic probes (see Figure 3) 

showed that nanocrystalline 

drug particles rapidly form in the 

dissolution media, quickly reducing 

the drug activity and the driving 

force for absorption. Using the time-

concentration profiles of dissolved 

drug from this in-vitro analysis 

gave an accurate prediction of the 

enhanced absorption provided by 

the SDD, and guided development of 

a formulation that better sustained 

high dissolved drug concentrations.

Applying the mechanistic 

models and testing described 

here at the earliest phases of 

feasibility increases the likelihood 

of developing robust and scalable 

formulations, leading to lower 

risk, faster development timelines, 

and lower development costs. 

This approach is used routinely to 

assess applicability of technologies 

for the required performance, 

manufacturability, and product 

stability. It ensures that even at 

the initial formulation feasibility 

stage there is line of sight to the 

commercial product, reducing 

the risk that reformulation will 

be needed later in the drug 

development programme. 

To optimally formulate based 

on mechanistic science requires 

having a breadth of formulation 

technologies available to 

take advantage of the unique 

characteristics of various 

solubilization approaches. For 

example, if analysis suggests 

that modest dissolution rate 

enhancement is sufficient to give 

adequate oral exposure for a 

compound that also has chemical 

stability risks, then crystalline 

particle size reduction is likely a 

better choice than lipid/liquid-based 

or solid amorphous formulations. 

Figure 1: The initial spray-dried dispersion formulation provided high 

concentrations of solubilized drug.

Pharmaceutical Technology Europe NOVEMBER 2017    29



Formulation

Having a range of technologies 

available aids in advancement of 

the most appropriate technology. 

Likewise, the availability of a 

range of technologies also allows 

formulating in a phase-appropriate 

manner. For example, SDDs are 

ideal for early stage work, as they 

can be manufactured quickly 

using only a small quantity (10s 

of mg) of API. Depending on the 

application, SDDs can then be 

scaled up and advanced through 

later development, or potentially 

transferred to a hot-melt extrusion 

(HME) process, depending 

on technical and commercial 

considerations. Therefore, 

strategic application of enabling 

technologies based on the technical 

considerations, the phase of the 

development programme, and the 

TPP is a generally advantageous 

approach for the rapid and efficient 

progression of challenging drug 

candidate programmes.

Summary
The majority of drug compounds 

in the pharmaceutical 

pipeline require bioavailability 

enhancement and/or modulation 

of the pharmacokinetic profiles 

in order to achieve successful 

formulations. Efficient and robust 

development of these increasingly 

demanding drug products 

requires fundamental mechanistic 

understanding of the barriers to 

absorption, and of the interplay 

between formulation attributes 

and GI physiology. 

Physical and mathematical 

models informed by data collected 

from an array of appropriately 

chosen in-vitro tests guide 

technology and formulation 

selection, allowing for rapid and 

effective product development. 

Experience and process 

capabilities across the range 

of enabling BAE and MR/targeted 

technologies and formulations 

are prerequisites for developing 

and applying advanced modelling 

and testing in meeting challenging 

TPPs. PTE

Figure 2: In-vivo plasma profile in dogs (left) and the maximum absorbable dose (MAD) estimate based on 

the solubilization profile in Figure 1 (right). AUC is area under the curve. SDD is spray-dried dispersions.

Figure 3: Spectral analysis of the solubilized species 

identified rapid formation of nanocrystalline drug suspended 

in the dissolution media (top). Based on characterization 

of the dissolved drug concentration profile, the revised 

maximum absorbable dose (MAD) calculation is in good 

agreement with the in-vivo data (below). The in-vitro analysis 

was used to develop a non-crystallizing formulation. AUC is 

area under the curve.
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The regulation of pharmaceutical stability 

studies still lacks universally accepted techniques 

regarding the identification of out-of-trend 

data. Three methods have been suggested for 

identifying out-of-trend data in pharmaceutical 

stability studies: the regression control chart, the 

by-time-point method, and the slope control 

chart. In Part I of this article series, the regression 

control chart method is investigated, and an 

improved approach is suggested. The method 

is illustrated using realistic data. In Part II, the 

by-time-point method and the multivariate 

control chart method will be discussed.
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I
n the course of stability studies performed in the phar-
maceutical industry, stability profiles are obtained for 
batches by measuring the change of certain attributes of 
the pharmaceutical preparations over time. The samples 

from the batches are kept at certain conditions (e.g., tem-
perature, humidity) for the time of the study and measured 
at certain time points. The purpose of stability studies is 
to establish shelf-life of products. At the registration of the 
medicine, the method of recording the stability profile is 
regulated by the International Council for Harmonization 
of Technical Requirements for Pharmaceuticals for Human 
Use (ICH) (1). The same method may be used to monitor 
ongoing production processes. 

Certain variation in data may well be explained by uncer-
tainty. Larger deviations are considered out-of-trend (OOT) 
results. OOT is to be distinguished from out-of-specifica-
tion (OOS); the latter means that the result is outside of the 
allowed range given by the specification. As noted by the 
Pharmaceutical Research and Manufacturers of America 
Chemistry, Manufacturing, and Control (PhRMA CMC) 
Statistics and Stability Expert Teams (2), “The procedures 
described for detecting OOT results can be viewed as an 
alarm or alert system, showing that some kind of action is 
needed. In other words, at each stability time point when a 
new result is collected, one should determine whether the 
result is in agreement with what is expected and if not, take 
the appropriate action.”

A stability result at a single time-point may not follow 
the expected trend in two ways: either in comparison 
with earlier batches or with respect to previous results 
collected from the observed batch. The OOT phenom-
enon is to be detected as soon as possible, because these 
results indicate errors either in the process of production 
or in the analytical measurement. If an OOT point is 
detected, one should find the source of error and fix it. 
Further actions may be required if the problem is found 
to be with the production process. 

Methods for Identifying 
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The PhRMA CMC Statistics and Stability Expert Teams 
began a dialogue toward building up a system, supported 
by statistical calculations, to identify OOT results in stabil-
ity measurements (2). The methods suggested in this 2003 
seminal paper were supported by example calculations in 
an article by Torbovska and Trajkovic-Jolevska (3). Also, 
statistically less efficient, but more user-friendly methods 
were suggested by the PhRMA CMC Statistics and Stability 
Expert Teams in a later paper published in 2005 (4). In this 
article, the authors reflect on the regression control chart 
method, described in reference 2 and used in reference 3, 
and attempt to refine the method. The amount of active 
substance (assay) of the pharmaceutical product was used as 
an example, but the method presented may be used for any 
other attributes that follow a linear trend over time. 

Detecting OOT results

Three methods are outlined and illustrated by the PhRMA 
CMC Statistics and Stability Expert Teams (2):

• Regression control chart method 
• By-time-point method 
• Slope control chart method.
In the regression control chart method, data are com-

pared within a batch, while in the by-time-point method, 
data are compared to historical data of earlier batches at 
the same time point. In the slope control chart method, a 
feature (the slope) of the stability profile of the observed 
batch is compared to that of earlier batches.

The technique of decision is the comparison of a value 
to a statistical interval. Three kinds of statistical intervals 
are used: confidence, prediction, and tolerance. Users are 
sometimes confused about which interval should be used 
in certain situations (5). 

The confidence interval is the range in which a parameter 
(e.g., the expected value) occurs with a certain probability. 
The prediction interval is the range in which a future observa-
tion is found with some specified probability. The tolerance 
range contains a specified part of future observations (con-
tent) at a certain probability (confidence). There is a connec-
tion between the latter two intervals: a prediction interval to 
contain a single future observation with 1-alpha probability 
is equivalent to a tolerance interval to contain, on average, 
1-alpha proportion of the population (6). Calculating the con-
fidence and prediction range is straightforward; it is found in 
standard textbooks and taught in basic statistics courses. The 
tolerance range is more difficult to calculate, and sometimes, 
only approximate methods are available.  

The interval is characterized by its acceptance probability. 
For quality engineering, usually a 99.73% confidence level is 
used in control charts. This may not be the proper choice in 
OOT analysis of stability studies. The higher the confidence 
level, the lower the chance of identifying data as OOT while 
it is actually not the case (i.e., type I error, “false positive 
alarm”), while the chance of accepting an OOT data as non-
OOT is increased (i.e., type II error, “false negative case”). 

This latter probability is not explicitly stated, however. In 
the pharmaceutical industry (and also from a regulatory 
viewpoint), type II error (not realizing that the data are ac-
tually OOT) presents a more serious threat, but such errors 
can be avoided if the confidence level is decreased. The 95% 
confidence level is used in this paper.

Identifying OOT data by regression control chart

The peculiarity of identifying OOT phenomenon with re-
spect to stability studies is that there is a trend in data any-
way, because the attributes change with time due to chemi-
cal and physical changes, and OOT is to be stated in relation 
to this obvious trend. In this method, a straight line model is 
used, however, one should justify the assumption of linearity 
of a stability profile.

Control charts. Control charts (7) are widely used in the in-
dustry to monitor the production process. The regular usage 
of the charts can be separated into two phases (8). In the 
first phase (Phase I), parameters of the distribution (typi-
cally mean and standard deviation) of the reference data are 
estimated. In the second phase (Phase II), certain statistics 
(e.g., sample mean, range, etc.) of the observed sample are 
plotted and examined. In the example used by the authors, 
the observed sample contains only a single datapoint, thus 
the statistic to be plotted is the individual value (individu-
als control chart). The distribution parameters obtained in 
Phase I are used to construct lower and upper control limits 
(i.e., lower and upper quantiles) for the statistic (i.e., the in-
dividual value) and added to the chart. The interval between 
the control limits of the individuals control chart contains 
the allowable value of the new data of the observed process 
with a certain probability, when the process is in control. 
Typically, this probability is 0.9973, which conforms to the 
±3σ range (3 is taken from z-table). This range is valid only 
if the reference sample size in Phase I is theoretically infi-
nite, because the method (calculation of quantiles) assumes 
the perfect knowledge of the distribution. If the distribu-
tion is not perfectly known (e.g., the parameters are esti-
mated only), the 0.99865 and 0.00135 quantiles are at best 
approximate only. This method is proposed by Shewhart 
for industrial processes and proved to be useful there for 
distinguishing assignable and common causes, thus they 
serve as statistical process monitoring (9). The typical ap-
plication requires at least 25 samples in the reference set. For 
the authors’ study, this method is valid only if the sample 
size in the reference set of Phase I is large enough, then the 
0.9973 probability for the ±3σ range is reached as a limit. 
This approach will be referred to as the Shewhart method in 
this paper. In the current situation, however, the Shewhart 
method is not considered reliable because the reference data 
set is small.

In the case where the sample size is small, one should con-
sider the uncertainty of expected value and variance. The 
earlier is taken into account by including the term   
into the standard deviation, while the latter is taken into 
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account by using t-distribution instead of z. Thus, the width 
of the valid control limits in the authors’ typical case (small 
reference set) are , which is the prediction interval.

The prediction limits are used in Phase II of the individu-
als control chart to check whether the stability is further 
maintained. If a point is found to be OOT, one may choose 
from two routes, depending on whether data analysis is in 
real time or not. If the data analysis is performed in real 
time, the OOT suspicion, if arisen, is followed by the repeti-
tion of analytical measurement. If the non-OOT nature is 
justified (by re-measurement), the stability study is contin-
ued, neglecting the point. If the OOT nature is justified, a 
corrective action follows the detection, and thus, the origi-
nal process is ended.  

The other route is followed if the analysis of data are 
performed not in real time but upon collecting more data. 
Here, the original process is continued, and the point that 
is later found to be OOT cannot be re-measured and should 
be removed from the data set. If the OOT point is not re-
moved from further analysis, the acceptance range will be 
widened, hindering detection of further OOT points. If a 
point is found to be non-OOT, the point is added to the 
historical data set, new control limits are calculated, and a 
new control chart is made for the next observed data. 

Regression control chart. The regression control chart 
is used to monitor processes where there is a systematic 
change over time (10). The “parameters” of the chart are a 
regression line (i.e., an expected value changing with time) 
constructed by the previous data from Phase I and the 
variance of residuals, and both are considered as known 
in the Shewhart method. If the new point is found to be 
within the control limits, the point is accepted; if not, the 
point is rejected and declared as OOT. 

Use of regression control chart method, original proposal

The PhRMA CMC Statistics and Stability Expert Teams (2) 
suggest fitting a regression line to historical data of the ob-
served batch and extrapolating the line to the time point of 
the new data. Control limits are calculated for the expected 
value by expected value±ks at the new time point. The k is 
taken from a table of normal distribution at a desired sig-
nificance level. The residual standard error (s) is calculated 
either by only the regression line of the observed batch, or 
by regression lines of historical batches. In the latter case, a 
common slope is assumed, and different intercepts are al-
lowed for the historical batches. If the observed point is out 
of the interval, it is identified as OOT. It is also mentioned 
in the paper (2) that using prediction or tolerance interval 
is a better but more complex method. The limits calculated 
there (and in reference 2) using the expected value±ks for-
mula are called the Shewhart limits (SL) here.

Suggested use of regression control chart method

The prediction interval with t-distribution is to be used if 
one asks about a single new observation, because both the 

expected value and the variance are unknown and estimated 
only from a small sample. The method requires points in 
the observed batch as reference data to construct the first 
regression line. One should decide how many points from 
the beginning of the observed batch should be considered 
as the reference data set. Moreover, one should assume that 
those reference data are non-OOT. Here, the first three 
points of the observed batch are considered to be the refer-
ence data, and the fourth point is the first to be analyzed 
by the method. 

The prediction interval for the measured variable (y) at 
the new time point (x*) is calculated in Equation 1:

 
 [Eq. 1]

where  is the predicted value of y at ,  is the one-
sided upper critical t value at α/2 one-sided level (with (n-2) 
degrees of freedom, where n is the number of points used 
to construct the regression line), y* is the new measured 
value at x* time point, and  is the sample standard 
deviation calculated for the  variable. The right side of 
the inequality is the upper prediction limit (UPL), while the 
left side is the lower prediction limit (LPL). If the inequality 
is satisfied, that is the y* is within the limits, the data are 
accepted, otherwise it is OOT.

 is calculated through the extrapolation of the regression 
line to the x* new time point by Equation 2:

  [Eq. 2]

where b
0
 and b

1
 are the intercept and slope of the regres-

sion line (created with reference data), respectively.

 is calculated by Equation 3:

 

 [Eq. 3]

where s
r
 is the residual standard deviation, n is the num-

ber of points used to construct the regression line, and 
is the mean of the x

j
 values (time points) of data (without 

x*) used to estimate the regression line. The third term in 
the bracket is the reason of constriction of the band in the 
middle. 

As the PhRMA CMC Statistics and Stability Expert Teams 
highlights (2), the residual standard error may be calculated 
using earlier batches as well, not only from the recent one in 
study. The use of earlier batches may follow several different 
routes. The authors of reference 2 used parallel lines (i.e., 
the common slope for all historical batches). The authors of 
this article are not convinced about the usefulness of this 
assumption, however. If common slope is forced for histori-
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cal batches, the fit is deteriorated. This situation would lead 
to greater residual error than would be achieved using the 
best linear fits (letting different slopes). On the other hand, 
if separate lines are fitted to historical batches, the residual 
standard errors obtained may be pooled. The pooled error 
has higher degrees of freedom than that obtained from a 
single batch, thus, it is a better estimate to the variance, lead-
ing to better estimated control limits. If every group has 
the same number of data, the pooled sample variance is 
the arithmetic average of the individual sample variances:

 
 [Eq. 4]

where  is the pooled sample variance,  is the 
squared standard deviation of residuals for the ith histori-
cal batch, and p

i
 is the number of historical batches involved. 

For this purpose, regression lines were fit to each historical 
batch and residual standard errors (s

i
) were calculated. The 

pooling is justified only if the variation of data of different 
batches has the same variance, which can be tested by the 
Bartlett and Levene tests for example. For the authors’ data, 
the hypothesis of homogeneity of variances is accepted (de-
tails of the tests are not shown here).

For calculation of the prediction interval with pooled 
residual standard error, in Equation 3,  is substituted for s

r
. 

The degrees of freedom of  is p(n-2), thus a different 
t

α/2
 should be taken from t-table when calculating the 

control limits.
For illustration purposes along with prediction limits, the 

Shewhart limits (α=0.05), confidence limits (α=0.05), and 
tolerance limits (P=0.99 as content, γ=0.95 as confidence 
level) are calculated as well. None of these are appropri-
ate to use in the current situation (where only a single new 
data point [y*] is observed), except for the prediction limits. 
These prediction limits are discussed in detail as follows.

Calculation of the Shewhart limits:

  [Eq. 5]

where z
α/2

 is the critical value of standard normal distri-
bution at two-sided α/2 level, and σ

r
 is the square root of 

variance of residuals, equal to s
r
. As the known variance 

is assumed, there is no room for pooling. One may use the 
square root of the pooled standard deviation, however, as a 
substitute of the σ

r
. The latter is falsely assumed to be known 

because of the small sample size as explained earlier. When 
the square root of the pooled estimated variance is substi-
tuted, σ

r
 is taken to be equal to .

Confidence limits are calculated in Equation 6:

   [Eq. 6]

For the calculations with pooled standard deviation, s
r
 is 

substituted with  in Equation 6 and degrees of freedom 
of  is used to obtain the t-score.

Tolerance limits can be calculated by Equation 7:

  [Eq. 7]

Where k
1
 is calculated by Equation 8 (11): 

 

 [Eq. 8]

where n’ is the effective number of observations, ν is the 
degrees of freedom of s

r
2 (n-2 actually),  is the criti-

cal value of the chi-square distribution at a one-sided 1-γ 
level with ν degrees of freedom,  is the critical value 
of non-central-chi-square distribution at one-sided P level 
with ν degrees of freedom, and δ is the argument in the non-
central-chi-square function. Actually, its value here is 1/n’.

n’ can be calculated by Equation 9 (12):

 
 [Eq. 9]

This equation is simplified to Equation 10:

 

 [Eq. 10]

Where 

 

 [Eq. 11]

For the calculations using pooled standard deviation, s
r
 is 

substituted with  in Equation 10 and Equation 11 when-
ever a new effective number (n’) of observations is to be 
obtained. The proper substitution is performed for degrees 
of freedom as well in Equation 8. Also, in Equation 8, a new 

 is calculated with the new n’, which is calculated 
by Equation 10.

Example: Regression control chart

The data in Table I are from a realistic stability data set 
from a pharmaceutical manufacturing process (details 
are not given due to proprietary reason). The amount 
of active substance of the medicine was recorded over 
36 months. 

Peer-Reviewed



Pharma’s dedicated packaging 
& drug delivery event

EXHIBITION & CONFERENCE 7-8 FEBRUARY 2018 PARIS EXPO, PORTE DE VERSAILLES

NEWS, WHITEPAPERS 

& EVENT PROGRAMME AT 

WWW.PHARMAPACKEUROPE.COM 

#PharmapackEU

• Innovation Gallery

• Pharmapack Awards

• Innovation Tours

• Pharmapack Start-up Hub

IN
N

O
V
A

TI
O

N

• Conference

• Symposium

• Workshops

• Learning Lab

REGISTER NOW!

•  Networking Areas 

& Events

•  International Meetings 

Programme

FR
EE

to
 a

tte
nd

! 

Follow the link:bit.ly/2v0ZXYd

N
E
TW

O
R
K

IN
G

E
D

U
C
A

TI
O

N



38    Pharmaceutical Technology Europe NOVEMBER 2017  PharmTech.com

Batch IX is the object of these calculations; the rest of the 
columns refer to historical batches. The regression line was 
created from the first three points of the observed batch; 
it was then extrapolated to the new point (i.e., the ninth 
month), and the prediction interval (LPL, UPL) is calculated 
along with the other intervals that should not be used to 
identify OOT points (see Table II). 

The limits calculated with pooled standard deviation are 
given in Table II. Using Equation 4, the calculated s_(p(res))^2 
is 1.438. Figure 1 shows the fitted line, the data points up to 
the nine-month time point, the 95% Shewhart interval (SI), 
the 95% confidence interval (CI), the 95% prediction inter-
val (PI), and the 95% tolerance interval (TI) containing 99% 
of future observations.

The confidence interval is very narrow in the range of 
historical data (i.e., for the first three points); it allows an 
even tighter interval than the Shewhart limits. The uncer-
tainty of the parameters of the regression line is the reason 
behind the bend in the limits. The farther the new point is 
from the historical data, the wider the interval is given. As 
the Shewhart method assumes known parameters of the 
regression line, the band of that is not bent; the limits are 
parallel to the regression line.

 Table I: Stability data set.

Amount of active substance (%)

Time 

(month)
Batch I Batch II Batch III Batch IV Batch V Batch VI Batch VII Batch VIII Batch IX

0 97.6 98.4 100.9 98.7 98.8 100.5 100.3 101.5 100.9

3 97.7 99.4 98.2 95.8 97.5 96.5 99.7 100.1 97.3

6 97.7 96.2 98.5 96.7 97.5 96 98.6 99.5 97.7

9 96.9 97.3 94.6 97.5 98.9 96.3 98.3 99.6 98.4

12 94 95.3 96.9 94.7 97.5 98.3 96.8 98.3 96.5

18 96.5 94.9 96.3 93.7 96.5 94.1 96.7 95.2 99.5

24 96 97.5 95.8 93.1 96 92.5 96.3 97.1 96

36 92.1 92.7 92.3 91.3 92 89.5 93.9 93.8 93.7

 Table II: Prediction limits, Shewhart limits, confidence limit, tolerance limits, regression control chart method 

using pooled standard deviation sp(res). LPL is lower prediction limit. UPL is upper prediction limit. LSL is lower 

Shewhart limit. USL is upper Shewhart limit. LCL is lower confidence limit. UCL is upper confidence limit. LTL is 

lower tolerance limit. UTL is upper tolerance limit.

Time 

(months)
S
p(res)

Observed 

data
LPL UPL LSL USL LCL UCL LTL UTL

0 - 100.9 - - - - - - - -

3 - 97.3 - - - - - - - -

6 - 97.7 - - - - - - - -

9 1.2 98.4 91.0 99.8 93.1 97.8 91.8 99.1 89.9 101.0

12 1.2 96.5 93.0 100.6 91.5 96.2 93.8 99.8 91.7 101.9

18 1.2 99.5 91.0 99.1 88.3 93.0 91.8 98.3 89.8 100.4

24 1.2 96.0 88.3 98.8 85.1 89.8 88.8 98.2 92.6 102.7

36 1.2 93.7 89.3 97.9 78.7 83.4 90.1 97.2 90.3 100.7

Figure 1:  Statistical intervals of regression control chart.
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Having accepted the nine-month time point, the calcu-
lations are repeated, but now the line is fitted to both the 
initial three data points and the accepted data (nine-month 
time point) while the new data at the 12-month time point 
is observed. Having continued the calculation practice, the 
18-month time point is found to be out of the prediction 
interval, as 99.5 > UPL; therefore, it is declared as OOT. The 
outlier point is then left out from the examination of later 
points if the study is to be continued, but intervention is 
clearly required. The grey colouring indicates that the ob-
served data in the row of the grey pair of boxes is OOT con-
sidering the limits specified in the columns. The mistakenly 
used confidence interval would give the same qualitative 
result in the current situation, while with tolerance interval 
approach, all the points would be accepted, and with the 
Shewhart interval method, every point would be OOT.

Conclusion

Having realized that the regulation of pharmaceutical 
stability studies is still lacking universally accepted tech-
niques for the identification of OOT data, three methods 
were suggested earlier by PhRMA CMC group. The re-
gression control chart method discussed in this paper is 
a possible way to identify OOT data within a batch. To be 
statistically more rigorous, the earlier suggested approach 
is improved. As only a small sample is available, the use of 
prediction interval with t-distribution is justified. Incor-
rectly using the tolerance interval instead would unneces-
sarily widen the acceptance interval, while the unjustified 
use of the Shewhart procedure would result in too narrow 
an interval. 
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A company should consider whether it has a data governance 

policy and, if so, whether it is comprehensive and effective. Data 

governance policies have become a regulatory expectation as one of 

the core quality system policies. It has been stated by the Medicines 

and Healthcare products Regulatory Agency (MHRA) (1, 2), European 

Medicines Agency (EMA) (3), World Health Organization (WHO) (4, 5), 

Pharmaceutical Inspection Cooperation Scheme (PIC/S) (6), and the 

Australian government’s Therapeutic Goods Administration (TGA) 

(7) that a data governance system should be an integral part of the 

pharmaceutical quality system. The United States Food and Drug 

Administration (FDA) draft data integrity guidance states: “Firms 

should implement meaningful and effective strategies to manage 

their data integrity risks based upon their process understanding and 

knowledge management of technologies and business models” (8). In 

response, many organizations have hastily created a data governance 

policy. Somewhere in the haste to get a data governance policy in 

place, many organizations lost sight of the purpose and function 

of a data governance system.  As defined by the MHRA, a data 

governance system is the “sum total of arrangements to ensure that 

data, irrespective of the format in which it is generated, is recorded, 

processed, retained, and used are complete, consistent, and accurate 

record throughout the data lifecycle” (1, 2). The stated purpose of the 

data governance system is to ensure data integrity is maintained, but 

the ultimate goal is to ensure patient safety. The data governance 

system, at all firms seeking to be fully cGMP compliant, should provide 

an acceptable state of control based on risk. 

Establishing a data governance system might appear simple enough: 

just one more policy to be written and added to the corporate quality 

manual. However, issuance of a quality system policy, in itself, will do 

little toward ensuring the integrity of data, unless the policy addresses 

all relevant aspects of the company’s operations, including personnel 

behaviours and actions. Data integrity breaches can result from 

intentional actions, poor practices, or inadequate systems/procedures. 

To be effective, a data governance policy must drive personnel 

behaviours and actions, including that of senior management. The 
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Establishing an Effective 
Data Governance System
Data governance is necessary for compliance with current regulatory expectations 

for data integrity in pharmaceutical R&D and manufacturing organizations.

role of senior management with 

respect to the integrity of data needs 

to be emphasized. International 

Council for Harmonization (ICH) Q10 

states: “Senior management has 

the ultimate responsibility to ensure 

an effective pharmaceutical quality 

system is in place to achieve the 

quality objectives, and that roles, 

responsibilities, and authorities 

are defined, communicated, and 

implemented throughout the 

company” (9). The MHRA draft data 

integrity guidance additionally states: 

“Senior management is responsible 

for the implementation of systems 

and procedures to minimize the 

potential risk to data integrity, and for 

identifying the residual risk, using risk 

management techniques such as the 

principles of ICH Q9” (2). In addition to 

the legal and ethical responsibilities 

for ensuring patient safety, the 

financial risks of poor data integrity as 

discussed in a white paper (10) justify 

significant engagement by senior 

management. 

An all too familiar regulatory 

observation is, “Your quality system 

does not adequately ensure the 

accuracy and integrity of data to 

support the safety, effectiveness, 

and quality of the drugs you 

manufacture.”  Ensuring data integrity 

requires a holistic approach. The 

Parenteral Drug Association (PDA) 

has described the elements of a code 

of conduct (11). Correspondingly, 

a comprehensive data governance 

policy should include guidance for 

the following key systems supporting 

an effective data governance policy: 

a code of ethical conduct, employee 

training, systems and procedures 

regarding the control and security of 

raw data, internal audits by quality 

assurance personnel, reporting and 

investigation of suspect data integrity 

breaches, disciplinary actions, 

regulatory agency notification, 

and data integrity with respect to 

outsourced services. The following 

paragraphs contain recommendations 

for these key systems, which are 

further detailed by PDA in its “Points 

to Consider” document (11). 

Code of ethical conduct
Companies should adopt a code of 

ethical conduct, which includes the 

following: 
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• A commitment to the development 

and commercial marketing of 

safe and effective medicines of 

high quality that comply with 

all applicable standards and 

regulatory requirements 

• Company and management 

commitment to provide the 

necessary resources and training 

and support of a work environment 

culture that enables open and 

transparent communications, 

professional behaviour, and 

compliance at all levels

• A commitment requiring personnel 

at all levels, without exception, to 

maintain the integrity of all the data 

and records that are generated 

from product development to 

commercialization of all products 

throughout the lifecycle of each 

product

• A zero-tolerance policy for 

any employee who is found to 

purposefully manipulate and/or 

falsify any data/records

• A commitment to investigate all 

reported instances of questionable 

or unethical behaviours and take 

appropriate action

• An encouragement for employees, 

without fear of retaliation, to report 

any coercion by coworkers or 

supervisors, implicit or explicit, to 

compromise data integrity

• A management commitment to: 

fully investigate any breaches; 

determine the root cause; implement 

the proper corrective actions 

and preventive actions (CAPAs) 

preventing future recurrences; verify 

the validity and reliability of the data; 

retest and recall impacted product 

batches, or resubmit/amend the 

pertinent sections of an impacted 

submission; and fully disclose 

the investigation to the relevant 

agencies/authorities, as appropriate.

Employee training
All employees should be trained 

on the basic applicable cGxP, good 

documentation practices (GDP), code 

of ethical conduct, and data integrity 

policies along with other relevant 

subjects based on the assigned job 

functions and/or the defined roles 

and responsibilities. Annual cGxP 

training should cover: GxP topics, code 

of ethical conduct, and data integrity 

policies and procedures.

Control and security of
raw data
There should be established 

procedures and processes to 

ensure data are accurate, legible, 

contemporaneous, original, 

attributable, complete, consistent, 

enduring, and available (ALCOA+) 

when needed (7). Records must 

include complete data (12). 

Procedures should address, as 

applicable, GxP activities, such as: 

GDP, sample handling, weighing 

practices, chromatographic practices, 

data review, internal audits, computer 

system validation, instrument 

qualification, reference standard 

and test sample reconciliation and 

accountability, data retention policies, 

investigations, and handling of 

suspect data integrity events.

Documented procedures should 

clearly define the terms: “data,” 

“raw data,” “metadata,” “static 

record data,” and “dynamic record 

data.”  Data security procedures 

must address source data, dynamic 

records, static records, and all forms 

of metadata.

GxP data, records, and 

documentation include, but are not 

limited to, clinical records, non-

clinical study records, development 

and commercial operations, test data, 

analytical records including cross-

references, reports, batch records, 

process data, logbooks, deviations, 

investigations, maintenance 

cleaning records, environmental 

monitoring data/alarms, validation 

documentation, annual product 

reviews, etc. 

Instrument/equipment use 

logbooks or the electronic equivalent 

should be maintained to allow for the 

reconstruction of events associated 

with testing/manufacturing. Logbooks 

should record activity (including any 

batches or samples involved), date 

and time of activity, and operator 

signoff along with any comments.

Manual operations require 

stringent oversight and should require 

contemporaneous, second-person 

verification of data entry to reduce 

the data integrity risk. For basic 

electronic equipment incapable of 

electronic data storage (e.g., balance, 

pH meter), a printout is considered 

the raw data. 

All forms, worksheets, templates, 

registers, logbooks, and notebooks 

must be issued, controlled, and 

managed throughout the lifecycle of 

the records following documented 

procedures. These records must be 

reconciled as part of record issuance 

and controls. 

Records must be made 

contemporaneously as specified in 

GDP procedures and consistent with 

ALCOA principles (7). Employees 

must sign/initial and date the original 

hardcopy records contemporaneously 

with the recording activities. Similarly, 

the data reviewer must sign/initial 

and date the review of records 

contemporaneously. 

Data review. Companies should 

establish adequate data review 

procedures to verify the accuracy, 

consistency, completeness, and 

truthfulness of data and information 

(hardcopy and electronic) generated 

for GxP-related activities. This 

verification includes the review 

of metadata (e.g., audit trail). 

All supporting information (e.g., 

qualification status of equipment, 

equipment-use logbooks, procedures, 

reference standards) should be 

reviewed. The data review procedures 

should provide details to ensure the 

complete information/data associated 

with cGMP production and testing are 

reported (12, 13).

Computerized systems. 

Computer system validation (CSV) 

following the system development 

lifecycle (SDLC) approach should 

be evidenced with proper 

documentation for all equipment 

and instruments that are equipped 

with the ability to acquire, process, 

and maintain electronic records 

(14). Qualifications for systems, as 

configured, must meet both US 21 

Code of Federal Regulations (CFR) 

Data governance policies 
have become a regulatory 
expectation.

The data governance 
system, at all firms 
seeking to be fully cGMP 
compliant, should provide 
an acceptable state of 
control based on risk.
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Part 11 requirements and regulatory 

expectations for ensuring data 

integrity. Vendors generally do not 

provide systems that are validated 

as configured and, therefore, 

supplemental validation, once 

computerized systems are installed, 

is almost always required. Mapping 

of the established data flow process 

(data acquisition, processing, review, 

reporting, and backup/archive) 

should be part of the qualification 

documentation.

Computerized system access 

requires unique user login accounts 

for each user to be implemented 

for computerized systems to allow 

actions to be attributable. It is a 

fundamental cGMP requirement 

that all activities performed are 

attributable to the individual 

that performed them. System 

administration should be an 

information technology (IT) function. 

The user types and privileges for 

each computerized system must 

be defined and documented. 

Computerized system account 

creation, maintenance, periodic 

review, and deactivation needs to be 

described in applicable procedures as 

another key part of the holistic data 

governance system. Additionally, the 

following should occur:

• There should be a documented 

procedure to require system end 

users to log off the system, and 

access-timeouts should also be 

established.

• System users should not have 

the ability to delete, save-as and 

rename, or modify electronic 

records on standalone or network 

computerized systems.

• Metadata such as date/time 

and programs built for simple 

manufacturing and laboratory 

devices that do not have electronic 

storage capability (e.g., balance, 

loss on drying apparatus, pH meter, 

titrator) should be password-

protected, and the ownership of 

the password should be granted 

only to personnel who have no 

vested interest in the data.

• There should be established 

electronic record naming 

conventions and, wherever 

possible, the naming conventions 

should include meaningful 

information on the source, such as 

equipment used, sample tested, 

and date of acquisition. 

• Audit trails should be configured 

“on” and users should not have 

the ability to amend or disable the 

audit trail.

• Only validated software (e.g., 

spreadsheet, database access, 

instrument application) should be 

used for GxP-related activities.

For electronic signature use, a 

company must file the Letter of 

Non-Repudiation Agreement with 

FDA attesting that the employees’ 

electronic signatures are the legal 

binding equivalent of the traditional 

handwritten signatures (14). This 

requirement mandates that the 

company document its process and 

systems to verify the authenticity 

of personnel identification. 

Computerized systems need to 

ensure that the person who signs 

the records electronically enters the 

account name (User ID) and password 

at the step where the electronic 

signature is required. 

Data retention. Companies should 

establish a record retention policy 

covering both hardcopy records 

and electronic records as part of 

their data governance processes. 

All records (including all metadata) 

should be readily available in both 

human readable and electronic 

form suitable for inspection, review, 

and copying by the authorized 

regulatory official throughout the 

defined records retention period. 

Data backup, archival, and recovery 

processes should be validated and 

periodically tested.

Internal audit by QA
An effective data governance system 

should include a documented 

procedure for the initial and periodic 

quality assurance (QA) review of 

the overall systems (paper-based 

and electronic) and procedures 

associated with the integrity of data 

(i.e., procedures regarding collecting, 

analyzing, reporting, and retaining 

information and data). The review 

should include:

• The validation status of 

computerized systems

• A risk-based review of raw data, 

including electronic records, to 

ensure the effectiveness of the 

data review procedures

• Training records to ensure that 

training (e.g., GxP, codes of ethical 

conduct) is provided, as required

• Investigations, events, and 

deviations and associated quality 

metrics.

Suspect data integrity 
breaches
The data governance system should 

include documented procedures 

requiring employees to notify 

management if they become aware 

of data falsification, unauthorized 

changes, destruction, or conduct 

that raises data integrity concerns, 

and a reporting mechanism for 

suspected data integrity breaches 

should be established (e.g., an 

anonymous data integrity hotline 

or similar system to encourage 

reporting of questionable 

practices).

Procedures should be established 

for investigating any alleged 

intentional action, poor practice, 

or inadequate system/procedure 

that raises data integrity concerns. 

The investigation should determine 

the root cause and impact on 

product/data quality, from which 

appropriate CAPAs are derived and 

implemented.

Disciplinary actions. There should 

be documented procedures regarding 

disciplinary action due to wrongful 

acts, including: data falsification, 

unauthorized modification, or 

destruction; violation of the written 

policies and/or procedures; and 

any conduct that would raise data 

integrity concerns.

Management engagement 
in implementation, 
operation, and continuous 
improvement of these 
systems is of crucial 
importance.

An effective data 
governance system should 
include a documented 
procedure for the initial 
and periodic quality 
assurance review of the 
overall systems.
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Regulatory agency notification. 

Companies should commit to 

prompt regulatory notification if 

the company becomes aware that 

a product in commerce is impacted 

by a data integrity breach; or if a 

pending or approved submission 

contains untrue statements or has 

omitted statements of material 

fact. A company must investigate 

all data integrity breaches and take 

the appropriate corrective actions 

to report the correct and complete 

data/information to the regulatory 

authorities.

Outsourced services
All pertinent requirements and 

controls to ensure the integrity of a 

company’s internal data should apply 

to contracted manufacturers and/

or contract laboratories as defined 

by the quality agreement and said 

requirements periodically audited by 

qualified personnel. 

Conclusion
As stated in the MHRA draft data 

integrity guidance: “The validity 

and integrity of the data should be 

commensurate with the risk and 

impact of a data integrity failure to the 

patient or environment” (2).  Keeping 

the focus on patient safety, companies 

need to establish comprehensive 

data governance systems with a 

holistic design encompassing the key 

elements described here. For a data 

governance policy and its associated 

systems to be effective, management 

engagement in implementation, 

operation, and continuous 

improvement of these systems is of 

crucial importance to ensuring the 

integrity of GxP data.
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Endotoxins are small, hydrophobic molecules that are part of 

the lipopolysaccharide complex that forms most of the outer 

membrane of Gram-negative bacteria (1). They are released when the 

bacteria die and their outer membranes disintegrate, triggering the 

toxicity mechanism of the fractionated lipopolysaccharides. To ensure 

patient safety, endotoxin testing must be carried out, not only on end-

product medical devices or injectables, but also on the raw materials 

that are used to make them.

Despite this requirement, endotoxin testing is often overlooked, and 

many pharmaceutical manufacturers may rely too much on sterility 

testing. As described in the harmonized European, United States, 

and Japanese pharmacopoeias (2–4), sterility testing will detect live 

microorganisms, including Gram-negative bacteria. If these bacteria 

are destroyed during the sterilization process, however, endotoxin will 

be released and will remain undetected.

Potentially fatal effects of endotoxin exposure
Failing to detect endotoxins can have harmful, or even fatal, effects. 

When bacteria and endotoxin enter the human blood stream, they 

trigger an immune response, usually inflammation, the release 

of cytokines such as interleukin 1, and the production of tumour 

necrosis factor. The release of cytokine signals cause neutrophils to 

migrate toward the point of infection. This migration usually leads 

to phagocytosis of all associated organisms and proteins. When 

the host’s immune system is weak, or a high level of infection is 

encountered, the bacteria can cause sepsis and its associated risks.

The importance of endotoxin testing is clear when looking at how 

susceptible and sensitive humans are to even minute amounts of 

endotoxin. Endotoxin can be introduced to the blood stream through 

contact with contaminated intravenous devices or medications. Exposure 

to endotoxins causes fever, inflammation, and endotoxemia. When left 

untreated, this exposure has the potential to cause septic shock (5), which 

is responsible for 44,000 deaths in the United Kingdom (6) each year.

Ensuring that equipment and medication are free from endotoxin is 

particularly important when caring for vulnerable patients, including 

Alex Wheeler is senior 

technician, bacterial 

endotoxin and cytotoxicity, 

at Wickham Laboratories 

Ltd., UK.

Comparing 
Endotoxin 
Detection 
Methods
Inadequate endotoxin testing places patients 

at risk. Knowing the relative strengths and 

weaknesses of available test methods is 

crucial to maintaining quality and safety.

the elderly, patients in intensive 

care, and infants. For example, 

sudden infant death syndrome (SIDS) 

has been linked to varying levels of 

bacterial endotoxin present in the 

bloodstream (7).

It has also been shown that 

endotoxin can damage nerve axons 

directly or indirectly (8), suggesting 

that exposure to endotoxins is an 

essential factor in the pathogenesis 

of critical illness polyneuropathy (CIP) 

in sepsis. This article describes and 

compares the analytical methods 

that can be used to detect bacterial 

endotoxins in pharmaceuticals.

Currently, detection methods 

include the rabbit pyrogen 

test, described in the European 

Pharmacopoeia (Ph. Eur) 9.0 2.6.8. 

and United States Pharmacopeia 

(USP) <151> (2,3). This method 

involves injecting live rabbits with the 

injectable product and monitoring for 

an increase in body temperature. 

Alternatively, in-vitro tests 

such as the monocyte activation 

test (MAT) and methods that use 

limulus amoebocyte lysate (LAL) are 

widely used to detect the presence 

of bacterial endotoxin. LAL is an 

aqueous extract of amoebocyte cells 

found in Limulus polyphemus, the 

Atlantic horseshoe crab. The main 

LAL-based methods for endotoxin 

testing include gel clot, chromogenic, 

and turbidimetric.

Gel-clot method
The gel-clot method is the simplest 

LAL test and is used to detect the 

presence or absence of endotoxin 

in the prepared sample. When 

endotoxin encounters LAL, it initiates 

a series of enzymatic reactions. The 

activation of this pathway results in 

the production of at least three serine 

protease zymogens: Factor C, Factor 

B, and a proclotting enzyme (9). 

These enzymes alter the amoebocyte 

coagulogen present in LAL to form a 

detectable gel-clot.

LAL testing should always be 

performed to the test manufacturer’s 

If [Gram-negative] 
bacteria are destroyed 
during the sterilization 
process, endotoxin will be 
released and will remain 
undetected.
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recommendations. Usually, testing 

is performed by adding equal parts 

reconstituted lysate to prepared test 

sample in a 10- x 75-mm depyrogenated 

soda lime glass reaction tube. Test material 

should be processed (e.g., using a vortex 

mixer) for at least 30 seconds, and then 

placed in an equilibrated heating block or 

water bath at a temperature that is typically 

37 ± 1 ºC. 

After inserting the first tube, the timer 

should be set for 60 minutes (or whatever 

time the lysate manufacturer has validated 

and recommended) and the tube left 

undisturbed until the incubation time 

has elapsed. While samples are tested, a 

standard curve with at least four known 

endotoxin values must be drawn to prove 

the sensitivity of the lysate (Table I). 

Sensitivity vs. speed 
If a clot has formed and remains intact 

at the bottom of the tube, the result of 

the test is positive, showing that the 

concentration of endotoxin in solution is 

equal to or greater than the sensitivity of 

lysate used. Where no clot forms or the 

clot breaks when inverted, the result is 

negative, and the amount of endotoxin 

present in the solution is less than the 

sensitivity of lysate used.

The gel-clot method is thought to be 

the most sensitive and accurate LAL test, 

giving fewer false positives and being less 

susceptible to interference than other 

methods. It is used as the standard test 

for many products that are listed in the 

Ph..Eur, USP, and Japanese Pharmacopoeia 

(JP), and has become the default method 

used by regulatory authorities to confirm 

the presence of endotoxin in materials and 

product, should there be any questions of 

test accuracy. 

However, it is a time-consuming 

process. Currently there is no automated 

procedure for this method, which also 

requires an operator to read and interpret 

test results, adding potential for bias or 

human error. A number of factors can 

affect the results obtained, including but 

not limited to: 

• pH disruption (i.e., when samples in test 

solution are not within the stated 6.0-

8.0 pH range) (2)

• Presence of chemical inhibitors such as 

ethylenediamine tetra-acetic acid (EDTA)

• Viscosity of the product, because 

naturally viscous products could create 

a clot like structure in the tube

• Denaturing agents such as a strong acid 

or base, a concentrated inorganic salt, 

or an organic solvent

• Base alcohol molecules, which can 

react with the LAL and precipitate out 

of solution.

Chromogenic method
The chromogenic method was first 

developed in 1977, when it was 

determined that the hemocyte lysate of a 

horseshoe crab would hydrolyze specific 

amino acid sequences containing the 

chromophore pNA (p-nitroanilide) (10). 

This method uses synthetic 

chromogenic substrate containing a 

specific amino acid sequence, which 

mimics the cleavage site in in coagulogen. 

Endotoxin-activated LAL cleaves this site, 

causing the release of pNA, which gives 

the assay its distinctive yellow colour. 

The pNA molecules absorb light at the 

specified and validated wavelength, and 

the chromogenic assay measures the 

absorbance of light at this wavelength.  

The degree and rate at which light is 

absorbed is directly proportional to the 

amount of endotoxin within the sample.

Testing is performed in duplicate, 

by adding equal parts of reconstituted 

lysate to each test sample and incubating 

at 37 ± 1 ºC. Both sample and reagent 

are placed in an absorbance microplate 

reader, and the reaction is automatically 

monitored over time for the appearance of 

a predetermined absorbance change.

The pNA released is measured after 

diazo-coupling photometrically, at 405 nm, 

continuously throughout the incubation 

period. The reaction time is inversely 

proportional to the amount of endotoxin 

present; to determine test results, 

technicians plot a graph showing log/log 

correlation between the reaction time and 

the endotoxin concentration.

Chromogenic kinetic and 
endpoint approaches
For the kinetic method, the concentration 

of endotoxin in a sample is calculated 

based on its reaction time compared 

with the reaction time of the endotoxin 

standard curve (Figure 1). The end-

point-chromogenic method reads the 

value of endotoxin in each sample only 

after a predetermined incubation period 

The gel-clot has become 
the default method ... to 
confirm the presence of 
endotoxin in materials and 
product. However, it is a 
time-consuming process. 
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has elapsed. Both methods use 

a standard curve that requires a 

minimum of three known endotoxin 

concentrations. 

The chromogenic method can be 

automated, decreasing the amount 

of time required to perform the test, 

so that more tests can be run per unit 

time period. The chromogenic method 

is user-friendly, and calculations can 

be performed simply. 

Results can vary, however, as 

shown by a wide range in the 

coefficient of variation (CV), which 

measures precision in testing. 

Results for this method are only valid 

when CV values are ≤10% or ≤25%, 

depending on the requirements set 

by the lysate vendor. The higher the 

CV% value is, the more variation there 

is between the two test replicates, 

meaning a lower level of precision for 

the result.

Because it is user friendly, the 

chromogenic method has become the 

“go to” method for many testing labs, 

but the sensitivity of the test means 

that interference can be an issue. 

This interference can be caused by 

products that denature proteins, bind 

endotoxin, and cause precipitations. 

Sometimes samples may turn a 

specific colour when exposed to the 

LAL, which can cause interference 

with test results. For instance, some 

serine proteases may yield false 

positives, simply because of their 

colour in solution. 

Turbidimetric method
The turbidimetric method measures 

either the time required for the reaction 

mixture to reach a predetermined 

absorbance or transmission level or the 

rate of turbidity development (2). It is an 

automated, modified extension of the 

gel-clot test.

In the turbidimetric method, 

modified LAL reagent is altered 

to contain a lower quantity of 

coagulogen, resulting in a turbid 

mixture that cannot form a solid 

clot when it is exposed to endotoxin 

(11). The advantage of using the 

turbidimetric method over the simpler 

gel-clot method is that it gives a 

quantitative result that shows the 

level of endotoxin present in the 

sample solution.

In this approach, an equal mixture 

of sample and reconstituted lysate 

should be incubated at 37 ± 1 ºC. The 

turbidity or optical density (OD) of 

the mixture can then be measured 

at each specified and validated 

wavelength continuously throughout 

the incubation period. 

The reaction time (i.e., the amount 

of time required for the mixture 

to reach onset OD) is inversely 

proportional to the amount of 

endotoxin present. Therefore, by 

spiking the sample with known 

quantities of endotoxin in sterile 

water and creating a standard curve, 

the quantity of endotoxin present in 

the mixture can be calculated. 

The end-point-turbidimetric 

method is performed in the same 

way as the end-point-chromogenic 

method. The result given by the 

turbidimetric method can be altered 

when testing blood, plasma, serum, 

and similar materials, but it is 

particularly sensitive to interference 

from suspended or turbid products, 

which can result in false positives. 

Importance of consistency
All the methods described in this 

article have been approved by Ph. Eur 

9.0 2.6.14, USP 40 <85>, and JP XVII 

4.01. for medical devices, injectable 

materials, and the raw materials used 

to make them. Generally, one single 

endotoxin reagent should be used for 

each test, and endotoxin reagents 

from different manufacturers should 

not be mixed in any application. 

As discussed, no endotoxin-

testing method is perfect, and 

each has its own advantages and 

disadvantages. Many scientists 

believe that the LAL gel-clot 

method yields the most accurate 

result when determining whether 

bacterial endotoxin is present in a 

sample (11). Because the method 

is known to interact with fewer 

materials, its results are less likely 

Figure 1: An example of a standard curve used for kinetic quantitative 

chromogenic limulus amoebocyte lysate (LAL) testing.

Table I: A gel-clot standard curve graph. The symbol λ is the sensitivity of the 

lysate used. A standard curve is considered valid when the end-point falls 

between 2λ and 0.5λ.

2h h 0.5 h 0.25 h

+ + - -

+ + - -

Because it is user friendly, 
the chromogenic method 
has become the “go to” 
method for many testing 
labs, but its sensitivity 
means that interference 
can be an issue. 
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to have been affected by inhibition 

or enhancement from the sample. 

Despite this fact, the amount of time 

required for sample preparation 

using this process has made it less 

popular for use in raw material 

testing in some laboratories.

Extrapolating results
The most significant advantage of 

kinetic and end-point methods over 

the gel-clot method is the fact that 

they allow users to extrapolate a 

quantitative result. Being able to 

determine a quantitative result 

is invaluable when testing raw 

materials, because it can offer 

insights into potential sources of 

endotoxin contamination. 

The chromogenic method is a 

high yield, user-friendly method, but 

it may interact with many different 

compounds, influencing results. The 

same is true for the turbidimetric 

method. As a result, validation using 

these methods can be time consuming. 

Yet another consideration is the 

potential for technician error in 

interpreting test results. Until the 

endotoxin testing process can be 

fully automated, with minimal human 

interference, subjectivity may affect 

the interpretation of results.

The need for proper training
The best, and only, way to approach 

endotoxin testing is to try different 

methods and ensure that laboratory 

technicians are well trained in each 

one. Technicians who will be using 

these methods should be fully aware 

of the strengths and limitations of each 

procedure, as well as the potential 

difficulties that each individual sample 

may pose. Due care and attention must 

be taken at every stage of the testing 

process, whichever methods are used.

Despite issues with some test 

methods, endotoxin testing is 

crucial to ensuring pharmaceutical 

product quality and patient safety. Its 

importance as a quality control tool 

should never be overlooked. 

References 
1. X. Wang and P.J. Quinn, “Endotoxins: 

Lipopolysaccharides of Gram-Negative 

Bacteria,” In: X. Wang and P.J.Quinn 

P. (eds) Endotoxins: Structure, 

Function and Recognition. Subcellular 

Biochemistry, Vol. 53, (Springer, 

Dordrecht) https://doi.org/10.1007/978-

90-481-9078-2_1, 2010. 

2. European Directorial for the Quality of 

Medicines and Healthcare, European 

Pharmacopoeia 9th ed, (Strasbourg, 

Council of Europe, 2016).

3. US Pharmacopeial Convention, United 

States Pharmacopeia 40. Rockville, MD, 

US Pharmacopeial Convention; 2017). 

4. Pharmaceuticals and Medical Devices 

Agency, Japanese Pharmacopoeia XVII,  

(Tokyo, Pharmaceuticals and Medical 

Devices Agency, 2016).

5. S.M. Opal, et al., (Eds): Endotoxemia 

and Endotoxin Shock: Disease, 

Diagnosis and Therapy. Contrib 

Nephrol. Basel, Karger, vol 167, pp 

14–24, 2010. (DOI:10.1159/000315915) 

6. University of York, “Sepsis Could Cost 

UK Economy up to £15.6 Billion Each 

Year, New Study Suggests,” www.yori.

ac.uk, www.york.ac.uk/news-and-

events/news/2017/research/sepsis-

economy-report/ [Accessed 22 Sep. 

2017].

7. N. Sayers, et al., Journal of Clinical 

Pathology, 49(5), pp.365-368, 1996.

8. B. Mohammadi et al., Journal of 

Neurology, 255(2), pp.265-272, 1996.

9. T. Sandle, “Pyrogens, 

Endotoxin and the LAL Test: 

An Introduction in Relation to 

Pharmaceutical Processing,” Global 

BioPharmaceutical Resources 

Newsletter, pp1-16, 2012 www.

academia.edu/1802210/Pyrogens_

Endotoxin_and_the_LAL_Test, 

accessed 28th Sep. 2017.

10. T. Morita et al., Jpn J Med Sci Biol. 

31(2):178-81, 1978. PMID: 682375

11. T.Joiner, P.Kraus, and T.Kupiec, 

International Journal of Pharmacutical 

Compounding, 6(6): 408-409, 2002. PTE

Each endotoxin testing method has its pros 

and cons, and selecting the best method 

depends on specific requirements. Shown 

here, a lab technician tests samples of a 

pharmaceutical for the presence of bacterial 

endotoxins. 

Until the endotoxin testing 
process can be fully 
automated, with minimal 
human interference, 
subjectivity may affect the 
interpretation of results.
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CPhI Pharma 

Awards 2017 

Winners
On 24 Oct. 2017, CPhI World-

wide announced the winners 

of the 2017 CPhI Pharma 

Awards. This year’s awards at-

tracted more than 200 entries, 

which included innovations 

in products and service offer-

ings from across the bio/phar-

maceutical supply chain and 

honoured companies and in-

dividuals driving the industry 

forward at awards ceremony 

in Frankfurt, Germany.

Excellence in Pharma: 

API Development. Cambrex 

has developed a robust, 

commercially scalable pro-

cess for ospemifene that 

uses standard plant equip-

ment, and needs only two 

synthetic steps and one 

recrystallization step. Waste 

is minimized and the use of 

solvents has been dramati-

cally reduced with recycling 

and reuse. The original 

published synthetic route 

of ospemifene was a seven-

step process that involved 

multiple purification and 

recrystallization steps. 

Excellence in Pharma: 

Formulation. Orbis Biosci-

ence’ Optimum Platform 

delivers dispersed dosage 

forms with functional coat-

ings in a single manufactur-

ing step. Developed for oral 

drug products, the technol-

ogy has the ability to create 

microcapsules with uniform 

shell thickness that contain 

pH-responsive polymers 

for targeted delivery ap-

proaches for a broad range 

of active ingredients.

Excellence in Pharma: 

Excipients. Colorcon’ Opa-

dry QX for film coating 

reduces preparation and 

production times, ensuring 

coating process efficiency 

and cost savings in all types 

of equipment, from tradi-

tional to continuous coating. 

The system can be applied 

across a broad range of pro-

cess conditions and consis-

tently results in a premium 

quality finish for tablets. 

The commercial impact of 

the process and equipment 

flexibility offered by Opadry 

QX means that pharmaceu-

tical companies can easily 

transition the manufacture 

of drug products across 

sites, overcoming challenges 

often met with equipment 

differences. Capital invest-

ment may also be deferred 

through more efficient 

equipment utilization as pro-

ductivity demand increases.

Excellence in Pharma: 

Manufacturing Technol-

ogy and Equipment. MJR 

PharmJet’s MicroJet Reactor 

technology offers efficient 

control on particle size and 

homogeneity of particle size 

distribution. A wide range 

of particle sizes from 10 nm 

up to 20 μm, with a combi-

nation of different process 

parameters can be produced. 

The manufacturing platform 

has no limitation on par-

ticle types or batch sizes.

Excellence in Pharma: 

Bioprocessing. Capsugel’s 

modular automated sam-

pling technology (MAST) 

platform for the biopharma 

industry allows direct 

transfer of aseptically col-

lected bioreactor samples to 

analytical devices, providing 

rapid, reliable data for supe-

rior bioprocess guidance.

Excellence in Pharma: 

Analysis, Testing, and 

Quality Control. 1CryoBio’s 

FlexiQuot is the world’s first 

dividable cryotube, which 

is revolutionizing sample 

collection, storage, and 

handling for liquid sample 

long-term storage products. 

FlexiQuot guarantees high-

est sample quality over time, 

eliminates errors because 

of mix-ups and poor iden-

tification, and drastically 

reduces costs in sample 

preparation and storage.

Excellence in Pharma: 

Drug-Delivery Devices. Per-

len Packaging’s single use in-

haler (DPI) Perlamed-BLISTair. 

Excellence in Pharma: 

Packaging. Aero Pump’s 

side actuation device for 

ophthalmic drug-delivery 

devices has a metered dos-

ing pump that ensures strict 

dose accuracy through-

out the product lifecycle. 

Only one defined drop is 

delivered per actuation, 

independent of the filling 

volume of the bottle. The 

outcome of a usability study 

showed that Aero Pump’s 

side actuation device meets 

patients’ needs in regards of 

a convenient eye dropper.

Excellence in Pharma: 

Supply Chain, Logis-

tics, and Distribution. 

TraceLink’s first compliance 

and digital information 

platform for the EU Falsi-

fied Medicines Directive 

connects the entire pharma-

ceutical supply chain on an 

interoperable network, facili-

tating a new era of real-time 

information sharing that will 

transform how the industry 

provides care to patients.

Excellence in Pharma: 

Contract Services and Out-

sourcing. Crystec’s modified 

supercritical anti-solvent 

(mSAS) technology for accel-

erated product development 

is a single-step, high yielding, 

and readily scalable process 

for generating dry, free 

flowing particles, designed 

to meet a target product 

profile and optimized drug 

delivery. The process offers 

a solution to challenges 

commonly encountered in 

drug development by tak-

ing an “in particle formula-

tion design” approach.

Excellence in Pharma: 

Regulatory Procedures 

and Compliance. Piramal’s 

quality and regulatory sys-

tem takes learnings from 

other industries and applies 

them to the pharmaceutical 

industry. Perpetual audit 

readiness at sites is main-

tained through tools such 

as vSENSOR and vPREDICT.

Excellence in Pharma: 

Corporate Social Responsi-

bility. Laboratories Pharma5 

won this category for its 

Hepatitis project in Morocco. 

After the success of the new 

generation drug against 

Hepatitis C, Pharma5 is now 

launching the first treatment 

of Hepatitis B in Morocco.

Excellence in Pharma: 

CEO of the Year. Richard 

Chin, CEO of KindredBio. 

KindredBio is a biopharma-

ceutical company focused 

on saving and improv-

ing the lives of pets.

Excellence in Pharma: 

Pharma Company of the 

Year—SME: BenevolentAI 

applies its technology to 

human biology and has 

made significant progress 

in accelerating drug de-

velopment, particularly 

in reference to amyo-

trophic lateral sclerosis.

Excellence in Pharma: 

Sustainability Initiative 

of the Year. AptarGroup’s 

Landfill Free Certification 

promotes efficiencies and 

the conservation of natural 

resources in a global manu-

facturing setting. With more 

than 40% of the company’s 

manufacturing sites already 

certified through this pro-

gram, Aptar has achieved sig-

nificant accomplishments in 

waste reduction, cost savings, 

and employee engagement.

Excellence in Pharma: 

Export Promotion: Ra-

chana Overseas Inc. was 

awarded for its waste 

water treatment plants.
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Excellence in Pharma: 

OTC. Pronova Laboratories 

was recognized for its in-

novation in wart treatment.

Excellence in Pharma: 

Patient Centricity. ERT’s Tar-

get My Hives is an innovative 

digital health network that 

provides support for patients 

through stronger engage-

ment with physicians, patient 

association groups, and 

others affected by chronic 

urticaria (including parents 

and caregivers). Through this 

inclusive approach, and the 

global patient community it 

creates, “Target My Hives” al-

lows patients to learn from 

others like them how to man-

age their disease, set goals for 

themselves, and share their 

results with each other. By 

motivating and supporting 

each other, Target My Hives 

helps patients to actively take 

control of their condition.

Excellence in Pharma: IT, 

mHealth, and Digitilization. 

Biocorp designs, develops, 

and manufactures medical 

devices for the pharmaceuti-

cal industry, with the aim of 

enhancing drug reconstitu-

tion, safety, packaging, and 

delivery. Recognized for 

its expertise in device R&D, 

Biocorp has incorporated 

software development 

capacities to develop con-

nected drug-delivery systems, 

including the DataPen, a 

reusable smart pen injector 

that automatically transmits 

data to a treatment mobile 

app, helping patients to 

manage their treatment; 

and a range of smart sensors 

for existing drug-delivery 

devices such as pen injectors 

and metered dose inhalers.

UBM Announces 

BioLive Event
On 26 Oct. 2017, UBM an-

nounced a new biopharma 

event, BioLive, that will 

launch alongside CPhI 

Worldwide 2018 in Madrid 

from 9–11 Oct. 2018. The 

show will offer a mixture of 

science and technology con-

tent through presentations 

and conferences alongside 

business development and 

partnering programmes.

The new event, which will 

focus on bioprocessing and 

manufacturing, will serve as 

a global hub for upstream 

and downstream processing 

and will connect biotechnol-

ogy firms, Big Pharma, and 

service providers working 

in early stage development 

through commercial manu-

facturing, as well as regula-

tory services. BioLive will 

help Big Pharma companies 

to assess the specific niche 

services they need, such as 

analytics and testing. The 

event will also empower 

small- and medium-sized 

bio-innovators who want to 

feed new therapies into the 

development pipelines of 

larger companies. Bio-inno-

vators will be able to look for 

the external partners they 

need to push forward their 

drug development and com-

mercialization programmes.

“It’s a hugely exciting time 

for the bio industry globally, 

and we expect rapid growth 

in what is now a maturing 

supply chain. Independent 

research showed a dissatis-

faction amongst existing op-

tions, and we have identified 

that we can provide broader 

depth in bio manufactur-

ing and processing, whilst 

capitalizing on our collective 

portfolio strength to bring 

additional value by combin-

ing the small- and large-

molecule worlds together 

with contract services,” com-

mented Rutger Oudejans, 

brand director at UBM, in a 

press release. He added, “It 

is firstly to provide an eco-

system to bring together 

the bio development and 

manufacturing sectors. But 

it also enables companies 

and professionals involved 

across the full pharma value 

chain of both small- and 

large-molecule to learn from 

each other and evolve new 

strategies to overcome the 

challenges in bio processing 

and manufacturing.”

UBM is the parent com-

pany of Pharmaceutical Tech-

nology, Pharmaceutical Tech-

nology Europe, and BioPharm 

International.

FDA to Recognize 

Inspections from 

EU Drug Authorities
Effective 1 Nov. 2017, the 

United States Food and Drug 

Administration will recognize 

the pharmaceutical drug 

manufacturing inspection 

data from eight European 

regulatory authorities, po-

tentially reducing duplicate 

inspections by different re-

gional authorities. In a 31 Oct. 

2017 announcement, FDA 

reported a new policy that 

will enable the agency and 

the drug regulatory authori-

ties of Austria, Croatia, France, 

Italy, Malta, Spain, Sweden, 

and the United Kingdom to 

use each other’s good manu-

facturing practice (GMP) in-

spections of pharmaceutical 

facilities.

“At a time in which medi-

cal product manufacturing 

is truly a global enterprise, 

there is much to be gained 

by partnering with regulatory 

counterparts to reduce dupli-

cative efforts and maximize 

global resources while realiz-

ing the greatest bang for our 

collective inspectional buck,” 

said FDA Commissioner Scott 

Gottlieb, in a statement. “By 

partnering with these coun-

tries, we can create greater 

efficiencies and better fulfill 

our public health goals, rely-

ing on the expertise of our 

colleagues and refocusing 

our resources on inspections 

in higher risk countries.”

All drugs approved in the 

US, including those manufac-

tured overseas or containing 

foreign ingredients, must 

comply with applicable US 

regulations. Previously, FDA 

inspected domestic and 

foreign drug manufacturing 

plants for compliance with 

manufacturing standards and 

product label requirements.

“Beginning 1 Nov. , we will 

take the unprecedented and 

significant step forward in re-

alizing the key benefits of the 

Mutual Recognition Agree-

ment with our European 

counterparts in that we will 

now rely on the inspectional 

data obtained by these eight 

regulatory agencies,” said 

Dara Corrigan, FDA’s acting 

deputy commissioner for 

global regulatory operations 

and policy. “The progress 

made so far puts us on track 

to meet our goal of complet-

ing all 28 capability assess-

ments in the European Union 

by July 2019.”

In June 2017, the European 

Commission determined that 

FDA had the capability and 

procedures to carry out GMP 

inspections at a level equiva-

lent to the EU.

“The completion of these 

capability assessments en-

ables FDA and the EU to avoid 

duplication of drug inspec-

tions and allows regulators 

to devote more resources to 

other manufacturing facilities 

in countries where there may 

be greater risk,” FDA stated 

in the announcement. “Ulti-

mately, this prioritization of 

inspections will help identify 

potential drug quality prob-

lems more quickly and pre-

vent poor quality drugs from 

entering the US market.”



PRODUCT/SERVICE PROFILES

PIM 941–Particle 

Inspection Machine

The Rommelag PIM (Particle and Cosmetic 

Inspection Machine) for full automatic 

control of Blow-Fill-Seal containers uses a 

superimposed agitation pattern including 

vibration for the detection of free moving 

particles. This method causes a particle in 

the ampoule to move. The PIM inspects the 

containers with cameras, comparing three 

or more pictures before and after the 

vibration. This shows any particles inside 

the ampoule that have changed the 

location. A side effect of this process 

causes a tremendous reduction of impeding 

bubbles within the containers. Additionally, 

the PIM offers a set of extension modules 

inspecting for cosmetic defects like 

deformations, discolorations, black and 

white spots and other geometrical 

alterations along with a fi ll level check. In its 

maximum confi guration the PIM is a fully 

automatic 360 degree quality inspection 

tool and defect sorting machine. Even more, 

the PIM protocoling features allowing the 

creation of an individual customized batch 

report and comprehensive statistics and 

trending screens.

Rommelag ENGINEERING

www.rommelag.com

mail.rch@rommelag.com

Contec Mop 

Saturation System

Contec’s Mop Head Saturation System 

allows mop heads to be presaturated 

prior to being passed into the controlled 

environment.  This eliminates the need for 

any water to be passed into the clean-

room.  Small and compact, the stainless 

steel cart with twin 8L buckets is ideal 

for small to medium-sized cleanrooms.  

Being lightweight and manoeuvrable, 

the cart is easy to use.  Fitted with 

autoclavable castors, the whole cart can be 

autoclaved before use. In order to make the 

system highly effi cient and cost effective, 

the mop heads used need to be fast-wicking 

and highly sorbent. 

Contec has developed a new fl at mop 

head to be used as part of the system; 

Contec Quiltec I Polyester Mop Heads. They 

are manufactured from 100% 2-ply polyester 

around a rayon core so are ideal for even the 

highest grade of cleanroom as they generate 

small numbers of particle and fi bres.

Contec Inc

www.contecinc.com

infoeu@contecinc.com

GMP Laboratory 

Testing Services

Eurofi ns BioPharma Product Testing is the 

largest network of harmonized bio/

pharmaceutical GMP product testing 

laboratories worldwide providing 

comprehensive laboratory services for the 

world’s largest pharmaceutical, 

biopharmaceutical, and medical device 

companies.

Our service offerings are fully 

comprehensive and include testing of drug 

substance, fi nal product, intermediates, and 

starting materials for both small- and 

large-molecule drug products.

With a global capacity of more than 

92,000 square meters and facilities located 

in the US, Canada, Europe, India, and 

Southeast Asia, our network of GMP 

laboratories operates under the same strict 

quality procedures, LIMS and centralized 

billing system across 28 locations 

worldwide.

We give our clients the fl exibility to 

choose from three unique service models to 

meet specifi c project needs, including the 

award-winning Professional Scientifi c 

Services® (PSS), and we also provide secure 

24-hour data access via our online data 

portal, LabAccess.comSM.

Eurofi ns BioPharma Product Testing

Eurofi ns.com/Biopharma 

pharma@eurofi ns.com
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PPSQ 51A/53 A Protein 

Sequencer Series

Greater simplicity and 
reliability in the determination 
of amino acid sequences
Shimadzu provides perfect fi t solutions in 

hardware and software components. For 

amino acid sequences, the PPSQ 51A/53 A 

protein sequencer series and the 

LabSolutions PPSQ software create user 

benefi ts leading to greater simplicity and 

reliability combined with FDA compliance.

PPSQ protein sequencers separate 

PTH-amino acids isocratically. This improves 

baseline stability and allows high-sensitivity 

analysis of PTH-amino acids. Isocratic 

sequence analysis provides more stable 

retention times, so peaks detected in 

previous cycles can be cancelled using 

subtraction chromatogram processing, 

making it easier to identify sequences.

LabSolutions PPSQ software provides 

compliance with FDA 21 CFR Part 11 

guidelines and enables compliance with the 

security, user management and audit trail 

requirements specifi ed by FDA 21 CFR Part 

11. Specialized protein sequencer software 

makes it simple to perform reprocessing of 

chromatograms, overlay of multiple 

chromatograms and automatic estimation 

of amino acid sequences, which are 

required for sequence analysis.

Shimadzu Europa GmbH

www.shimadzu.eu

shimadzu@shimadzu.eu

Contract Microbiology & 

Toxicology Testing Services 

As a GMP/GLP compliant laboratory with 

over 50 years of experience, Wickham 

Laboratories Ltd is a trusted name in the 

pharmaceutical and medical device 

industries, providing rapid turnaround while 

maintaining only the highest standard of 

quality at all stages.

We provide a wide range of microbiology 

and toxicology services for QC batch 

release, drug/device safety of existing 

products and new formulations, and 

research into new medicines and 

technologies, including:

• Absence of specified pathogens 

• Antimicrobial efficacy

• Bacterial endotoxin

• Bioburden

• BI enumeration

• Cytotoxicity

• Environmental monitoring

• Microbial identification (via MALDI-ToF)

• Microbial ingress 

• Microbial limits

• Potency bioassays

• Rabbit pyrogen (RPT)

• Stability storage/testing

• TAMC/TYMC

• USP class I-VI.

Whether assisting a start-up company 

demonstrating proof of concept, or working 

with a global medical device manufacturer, 

our expert technicians recognise the 

importance of delivering an exceptional 

service by taking the time with every client 

to fully understand their individual 

requirements.

Wickham Laboratories Ltd

www.wickhamlabs.co.uk

mail@wickhamlabs.co.uk

PRODUCT/SERVICE PROFILES

Sterile Disposable Garments

VAI’s sterile disposable garment lines meet 

the needs of any operation. Our garments 

are available in two fabric types that are 

constructed identically but cited for two 

different uses. Our 1600 line is composed of 

a non-woven SMS fabric that is comfortable, 

breathable, and has excellent bacterial 

fi ltration effi ciency. Our 1700 line is 

composed of a non-woven, MicroPorous 

coated material that is impervious, is low in 

particulates and shedding, and has 

excellent water repellence. 

Both lines come standard with elastic 

thumb loops, tunnelized elastic wrists and 

ankles, athletic styling, and a fi ve-year 

closed bag sterility assurance. Available 

garments include coveralls, hoods, frocks, 

boots, and sleeves.

VAI’s garments are folded in our 

patented Easy2Gown System®. Easy2Gown 

allows proper aseptic gowning to be an 

easy process instead of a routine challenge. 

The inside of the gown is presented to keep 

the sterile outside protected from the 

transfer of contamination during the 

gowning process.

Veltek Associates, Inc.

www.sterile.com

vai@sterile.com

Pharmaceutical Technology Europe NOVEMBER 2017    51



52    Pharmaceutical Technology Europe NOVEMBER 2017  PharmTech.com

The level of formality in change control may be holding back your 

SOP progress, according to Siegfried Schmitt, principal consultant at PAREXEL.

Q.We have one established change control process, and 

this process is applied to all planned changes, including 

changing standard operating procedures (SOPs). On average, it 

takes far too long to complete the process. For example, just

preparing a line-by-line description of the rationales for each indi-

vidual change in the text of the SOP can take several weeks. The

result is that we often have to operate according to draft versions 

of SOPs, as changes must be implemented faster for operational

or safety reasons. How can we expedite this process?

A.You have correctly interpreted the regulations, which

require you to establish change control, or as International 

Council for Harmonization (ICH) Q10 calls it, change management

(1), and to have documented procedures, most likely in the form 

of SOPs (2). The issue seems to lie in the way change control is

applied (i.e., the level of formality).

A formal change control process, which as you describe can 

take weeks or months to complete (e.g., for the replacement of a 

filling line), typically consists of these steps:

• Change request

• Feasibility assessment

• Technical review

• Input by regulatory affairs

• Review by quality assurance (QA)

• Approval of change

• Implementation of change

• Verification of change effectiveness

• Close-out of the change request.

Notwithstanding the formality of the process, a change control 

process should be effective (1), meaning it is user-friendly, simple, 

and with minimal cycle time for decisions. This is aligned with the

concept in ICH Q10 that the level of effort and formality should be 

commensurate with the level of risk.

Your example of preparing a line-by-line description of the

rationales for each individual change in the text of the SOP gives a

good idea of the level of formality you apply at present. A change

to a SOP will be requested by the owner of the procedure covered

by the SOP. So this person needs this change and is thus in a

position to assess the technical and operational feasibility of the

change very well. More importantly, the requester is perfectly well 

aware of the reasons (i.e., the rationale for each change in the

document). For these reasons, it is standard industry practice to 

provide a summary rationale, not a line-by-line explanation in the

revised document (e.g., change due to revision in the applicable

regulations).

It is also easy for reviewers to see changes to the revised draft

document as these are created with word processors in ‘track 

changes’ mode. This normally provides sufficient information for 

the reviewers and approvers. One issue often encountered at

this step in the change process is the number of reviewers and

approvers that have to sign off on the document. In effective 

organizations, this is kept to a minimum (i.e., two or three 

signatures).

The solution to your problem is to review the level of formality 

applied, especially in the documentation of the change and the 

reasons for the change. There is no reason why a change to a

SOP cannot be completed in a compliant, controlled, and formal

manner in as short a time as one working day.

References
1. ICH, Q10 Pharmaceutical Quality System (ICH, June 2008),

www.ich.org.

2. European Commission, EudraLex Volume 4, Part I, Chapter 4
Documentation, https://ec.europa.eu/health/documents/eud-
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