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EDITOR’S COMMENT

Can the Price Ever be Right?

A
s senior officials 

from seven Big 

Pharma companies 

recently faced the 

music in Washington, 

DC where senators 

quizzed them on 

increasing drug prices, 

the controversial and 

divisive topic has once again provided much 

‘food for thought’.

Widely reported in the United States, there 

has been much discussion around the topic 

of rapidly increasing drug prices, something 

that President Trump has highlighted as a top 

priority during his tenure. Pharma companies 

have emphatically laid the blame at the door 

of the pharmacy-benefit managers, who have 

been criticized for using, what some believe 

to be, an arcane drug price stabilizing system 

in the rebate negotiations that they employ.

This Senate hearing was the first 

major one since 2016 when Mylan CEO, 

Heather Bresch, was questioned about 

the dramatic increase in the price of 

EpiPens (1). Executives from Abbvie, Merck, 

AstraZeneca, Bristol-Myers Squibb, Janssen, 

Pfizer, and Sanofi were all present at the 

committee hearing on 26 February 2019, 

where they specified that certain structural 

obstacles are in the way of lower drug 

costs. Although amenable to potential 

congressional-imposed ideas about 

lowering prices, there was also agreement 

among the executives that independently 

lowering prices was not feasible financially 

or operationally (2).

A global issue

Yet, it isn’t in the US alone where drug 

pricing has been under the microscope. 

Earlier this year, on the international stage, 

the executive board meeting of the World 

Health Organization (WHO) focused on the 

topic of drug pricing, in particular pricing 

of cancer drugs. During this meeting, 

held on 29 January 2019, WHO released a 

roadmap on access to medicines, vaccines, 

and health products (Agenda item 5.7.1), 

which outlines WHO’s work on access to 

medicines and vaccines across the period of 

2019–2023 (3). This roadmap was requested 

during the 2018 World Health Assembly.

In response to the roadmap, Italy’s 

minister of health, Guilia Grillo, has provided 

a proposed ‘first draft’ resolution to 

improve the transparency of the pharma 

market, which she sent to Tedros Adhanom 

Ghebreyesus, the director general of WHO (4).

In Grillo’s letter, she specified that 

the draft resolution be discussed at the 

upcoming World Health Assembly, which 

will take place in May 2019, under the 

agenda item 11.7. “This resolution would 

provide WHO with the mandate to: collect 

and analyse data on clinical trial outcomes 

and adverse effects of health technologies; 

provide a forum for governments to share 

information on drug prices, revenues, R&D 

costs, the public sector investments and 

subsidies for R&D, marketing costs, and 

other related information; as well as provide 

crucial information on the landscape of 

patents on medical technologies, including 

information about disputes about the 

validity and/or relevance of asserted 

patents; and take further actions through 

meetings and for a designed to continue to 

make progress in this field,” she wrote (4).

The International Federation of 

Pharmaceutical Manufacturers & 

Associations (IFPMA), however, noted its 

disappointment in the area of pricing set out 

in the roadmap (5). In a statement, head of 

DG Office & Legal Issues, Grega Kumer, said, 

“… the roadmap takes a narrow approach 

by focusing on price transparency rather 

than on the broader context that enables 

better, sustainable financing policies. 

The unintended consequences of price 

transparency on the capacity of companies 

to offer preferential pricing to developing 

countries needs to be better understood 

before new work streams are created.”

Collaboration is key

A common theme across all discussions 

on the topic of drug pricing appears to be 

the necessity of collaboration to tackle the 

issue. As laid out by WHO in its roadmap (3), 

engagement with key stakeholders, such as 

international partners, research institutions, 

academia, donors, civil society, and the 

private sector will be key to finding solutions 

to health challenges, including pricing and 

affordability, and improving transparency.

As we approach a more intense period 

of innovation in bio/pharma, with more 

personalized medicines, gene and cell 

therapies, and orphan disease targets 

coming to the fore, it will be interesting 

to see if the issue of pricing is managed 

effectively or not.

References

1. PharmTech, “Congressional Committee 

Questions Mylan CEO Over EpiPen 

Controversy,” PharmTech.com, 21 Sept. 

2016, www.pharmtech.com/congressional-

committee-questions-mylan-ceo-over-epipen-

controversy. 

2. NBC News, “In Senate Testimony, Pharma 

Executive Admits Drug Prices Hit Poor the 

Hardest,” ABCNews.com, 26 Feb. 2019, www.

nbcnews.com/politics/congress/senate-

testimony-pharma-executive-admits-drug-

prices-hit-poor-hardest-n976346.  

3. WHO, “Medicines, Vaccines and Health 

Products,” http://apps.who.int/gb/ebwha/

pdf_files/EB144/B144_17-en.pdf

4. KEI Online, “Italy’s Draft WHO resolution: 

Improving the Transparency of Markets for 

Drugs, Vaccines, and Other Health-Related 

Technologies,” 16 Feb. 2019, www.keionline.

org/29721. 

5. IFPMA, “EB 144 IFPMA Statement Under 

Agenda Item 5.7, Access to Medicines and 

Vaccines Roadmap,” 29 Jan. 2019, www.ifpma.

org/resource-centre/eb-144-ifpma-statement-

undeagenda-item-5-7-access-to-medicines-

and-vaccines-roadmap/.

Felicity Thomas

Editor of Pharmaceutical Technology Europe

Felicity.Thomas@ubm.com

As drug pricing comes under the microscope internationally, it 

appears that collaboration with all stakeholders is key to tackling the issue.
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T
he European generics and biosimilars sector has been

endeavouring, with the close support of its United States

counterpart, to accelerate the creation of a single pathway 

for the global development of its products so that these

treatments can be introduced more quickly both in the 

European market and elsewhere in the world. Although there 

has been progress in establishing a global regulatory system 

for generics and biosimilars, this progress remains fragmented

with overburdened national licensing agencies doing much of 

the assessment work for the approval of off-patent products.

Among the major obstacles still to be overcome is the

coolness among governments and their regulators—and 

even within parts of the industry—to the concept of global

comparator products, which could act as references for

marketing authorizations. Governments are worried that

reliance on global comparators would result in a loss of control

of a class of medicines, which in most countries account for

the vast majority of drugs on their markets. 

“Using a global comparator product for different 

regions around the world is mainly a political question,”

Gerard Beuerle, senior director, global generic R&D, Teva

Pharmaceuticals, told Medicines for Europe’s regulatory and

scientific affairs conference in London on 1 February 2019 (1).

Medicines for Europe is the region’s trade association for

generic medicines and biosimilars producers.

Strong political support for change is needed in the EU

member states and other European countries because 

legislation may have to be amended to allow international 

harmonization. At the same time, there will have to be close

collaboration between regulators including a willingness to

exchange information on existing comparators being used

by agencies.

However, global regulatory initiatives such as single 

pathways in the development of generics and biosimilars

would give patients greater access to affordable quality 

medicines. Hard pressed regulators would be able to process

more quickly authorization applications because of less

duplication and more efficient use of agency resources.

Closer co-operation between governments, regulators, and 

the industry is generating an international climate favourable 

to advances in the setting-up of a single development pathway.

International regulation of generics

The Geneva-based International Council for Harmonization

(ICH), the main world body responsible for establishing uniform

pharmaceutical standards, no longer exclusively deals with

new drugs. During the past three years, ICH has broadened its

scope to cover generics. It has also widened a membership

predominantly consisting of representatives from Europe, 

North America, and Japan to include those from emerging 

economies in Latin America and Asia.   

At its last assembly meeting at Charlotte, North Carolina, 

USA, in November 2018, ICH adopted a reflection paper on 

harmonizing of generic drugs standards (2). “Harmonization

may allow developers to use data submitted in support 

of a generic drug marketing application to meet multiple

jurisdictions’ regulatory requirements for marketing 

authorizations,” the paper says. “Harmonization may increase 

the size of the generic-drugs markets and thereby attract more

competition from (drug) developers.”

As a result of the adoption of the reflection paper, ICH is 

planning to set up in 2019 an informal generic drug discussion

group (IGDG) that will recommend areas for harmonization.

But the group will operate for only a year, after which ICH’s 

management committee will decide ‘whether additional work 

merits its continuation’.

Another source of collaboration is the International 

Pharmaceutical Regulators Programme (IPRP). This was

created from the merger of the International Generic Drug

Regulators Programme (IGDRP), which fostered collaboration 

among generic-drug regulators, and the International

Pharmaceutical Regulators Forum (IPRF) that dealt mainly with 

patented medicines. 

The World Health Organization (WHO) now exercises 

more influence over the international regulation of generics 

through its programme for assessing finished medicines and 

APIs, and quality control laboratories to qualify products 

for governments’ essential medicine procurement schemes

around the world. The pre-qualification programme includes 

an appraisal of the competency of pharmaceutical regulatory 

agencies with those that are classified as meeting ‘stringent’ 

standards being entitled to take part in the project (3).

The use of stringent regulatory authorities (SRAs) provides 

a useful platform for ensuring that comparators are quality 

products, Deusdedit Mubangizi, co-ordinator of the WHO 

prequalification team, told the London meeting. One drawback 

was that SRAs accounted for only around a third of the world’s

regulatory agencies and approximately 25–30% of the global

population, he said.

The EU and US are among the global leaders in single 

pathway development. The EU has long experience in the

use of reference products to harmonize procedures for the 

Europe Pushes for Global 

Easing of Generics Approvals
The European generics and biosimilars sector is working on the creation 

of a single pathway to accelerate development of and access to medicines.

Sean Milmo

is a freelance writer based in 

Essex, UK, seanmilmo@btconnect.com.
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approval of generic medicines among its member states. 

The US Food and Drug Administration (FDA) was a major 

contributor to the ICH reflection paper by proposing means for 

harmonizing guidelines on scientific and technical standards 

for generic drugs.

The EU and US have now both built up a lot of experience 

in biosimilar medicines. “Sourcing of foreign reference 

products is in place without changing respective legislations 

(in the EU and US),” said Suzette Kox, secretary general of the 

Geneva-based International Generic and Biosimilars Medicines 

Association, at the conference (4). “Using a foreign comparator 

for biosimilar development is no limiting factor anymore for 

global development of biosimilar medicines.”

Global comparators: The biggest hurdle

Barriers to the introduction of global comparators remain 

the biggest hurdle to harmonization of generic medicines 

regulations because they are so closely linked to uniformity in 

bioequivalence standards. 

“Harmonizing the requirement for performing bioequivalence 

studies (would be ineffective) if the study has to be repeated 

for every single country simply because the reference 

has to be a local comparator,” Alfredo Arieta, head of 

pharmacokinetics and generic medicines at the Spanish 

Agency of Medicines and Medical Devices (AEMPS), told 

the meeting, which devoted a whole session to the global 

comparator issue (5). 

Arieta cited a study on comparators published in December 

in the Journal of Pharmacy & Pharmaceutical Sciences 

performed by himself and a team of regulators from 13 

other agencies comprising FDA, Health Canada, Japan’s 

Pharmaceuticals and Medical Devices Agency, and agencies in 

Australia, New Zealand, Taiwan, Singapore, South Korea, South 

Africa, Brazil, Colombia, Mexico, and Switzerland (6).

“The acceptance of foreign comparator products is the most 

limiting factor for the development and regulatory assessment 

of generic medicines marketed globally,” the study said. But 

it concluded that “there is currently no consensus amongst 

regulators on the acceptability of foreign comparators.”

Most of the agencies are members of the Bioequivalence 

Working Group for Generics (BEWGG), which also includes 

the European Medicines Agency (EMA) and aims to 

promote, within the IPRP, greater collaboration and 

regulatory convergence. Currently, the agencies follow 

rules inconsistent with an internationally uniform approach 

to generics regulation. Some, for example, require 

bioequivalence studies to be performed with a local 

comparator while others accept studies based on foreign 

comparators but only under certain conditions.

“How can the comparators be different in each country if 

they were approved (as new drugs) in all the countries based 

on the same clinical development (evidence)?” Arieta asked 

at the meeting. He put much of the blame for the problem on 

restraints on exchange of information among regulators.  

Due to the absence of legal agreements on information 

sharing, “regulatory agencies are unaware if the comparator 

product from other countries is the same product as their 

own comparator,” he said at the conference. In many cases, a 

potential flow of information between regulators is blocked 

by legislation. “Agencies are unable to use (exchanged) 

information for reasons of confidentiality and/or legal 

restrictions,” he explained.

Sharing information is a difficulty

Difficulties with exchanging scientific evidence between 

regulators is also considered to be a major barrier to 

harmonization of bioequivalence standards, said Beuerle. 

Lack of awareness about the scientific data on foreign 

comparators led at the local level to a lack of confidence in 

their bioavailability.

When bioequivalence studies are based on a foreign 

comparator, the “generics might (be considered) not to be 

switchable with the local comparator or the local generics 

in case of products of chronic use,” explained Arieta at the 

meeting, adding that they might also be thought to be less 

efficacious or less safe. One result could be an inadvertent 

protection of local industry with governments thinking that 

they do not have to accept generics based on references from 

countries that do not accept their references.

Among the possible solutions Arieta proposed could be a 

mutual recognition of a generic medicine by regulators from 

different countries when the drug involves the same marketing 

authorization holder, has the same qualitative and quantitative 

compositions and specifications, and is manufactured in the 

same plant or with the same production processes. 

Such a solution would gradually become more viable 

if consolidation in the generics industry continues 

with manufacturing taking place in large, centralized 

plants. “Increased capacity building facilitates standards 

harmonization,” Guido Rasi, EMA executive director, told 

the meeting (7). 

However, the consolidation trend is also being accompanied 

by a growing number of small suppliers entering the market. 

It would provide only a partial solution to the difficulties with 

regulatory convergence.  
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C
ontract manufacturing organizations (CMOs) are 

on the constant lookout for better single-use 

systems for their clients. By a relatively wide margin, 

CMOs have implemented novel single-use systems 

sooner than therapeutic developers (innovators). This 

is because CMOs stay competitive when they produce 

biologics, particularly for R&D and clinical trials, more 

efficiently and cost effectively (1). 

For example, in BioPlan Associates’ 15th 

Annual Report and Survey of Biopharmaceutical 

Manufacturing, which included responses from 

222 biopharmaceutical manufacturers and CMOs 

in 22 countries and 130 bioprocessing suppliers 

or vendors, tangential flow filtration devices 

are used by 94% of CMOs but only 73.9% of the 

biotherapeutic developers (Figure 1). Similar results 

are shown for novel devices such as membrane 

adsorbers, disposable chromatography, and 

perfusion devices. 

BioPlan surveys conducted during the past 15 

years have found the trend of adopting single-use 

equipment continues, with CMOs leading the way. 

Single-use equipment, particularly for upstream 

manufacture (e.g., bioreactors), now dominates small- 

to mid-scale, R&D, and clinical trial manufacture, 

while fixed stainless-steel equipment continues to 

dominate commercial manufacturing. 

Total capacity for single-use devices
In the BioPlan survey, respondents were asked 

about the adoption of SUS and about facilities’ total 

single-use capacity. In volume, 17% of respondents 

noted that their largest single-use bioreactor 

capacity was 1000 L, suggesting late-stage clinical 

or commercial manufacturing, and 2000 L was the 

maximum at 14% of facilities. Approximately one-

third of respondents reported facilities had single-use 

bioreactors with more than 1000 L capacity (i.e., 

working at large scale by single-use standards). 

As expected, few facilities (2.3%) had single-use 

bioreactors with greater than 2000-L capacity. 

However, this percentage is expected to increase in 

coming years.

Currently, 500–2000 L is often cited as the 

optimal or most cost-effective bioreactor size for 

pre-commercial-scale manufacture in mammalian 

systems, including monoclonal antibodies (mAbs). 

This range allows for the use of single-use equipment. 

But single-use equipment has only begun to be 

adopted for commercial product manufacture, and 

the current scale for SUS Bioreactors, generally 

limited to 2000 L, is still too small for most 

commercial antibody production, unless multiple 

bioreactors are used. While a few facilities, especially 

CMOs, run multiple 2000-L bioreactors together, 

large-sized fixed stainless-steel equipment continues 

to dominate commercial mAb manufacture. 

Few mainstream commercial mAb 
products are manufactured using 
single-use bioprocessing systems.

Few mainstream commercial mAb products 

are manufactured using single-use bioprocessing 

systems. This is expected to change, however, over 

the next few years as products currently in the 

development pipeline using smaller scale single-use 

systems are approved and enter the market. To get 

there, the US Food and Drug Administration (FDA) and 

regulatory agencies in developed countries will need 

to see that product manufacturing using single-use 

devices is safe, and that mAbs produced this way 

can be comparable to traditional mAb products. 

Further, many in the industry continue to expect that 

manufacture in stainless tanks will generally be more 

cost effective for large-volume liquids. 

Single-use capacity growth among CMOs
A growing number of established mainstream 

bioprocessing CMOs worldwide—and especially in the 

United States and Europe—are adding commercial 

manufacturing capacity involving single-use 

bioreactors in the 1000–2000-L or greater range, 

generally in one or more 2000-L bioreactor-based 

process lines (Table I).  In addition, specialized CMOs 

CMOs Leading the Way on 

Single-Use Systems Adoption
Single-use systems can be a cost savings for CMOs, and 

these savings can be passed on to clients and, ultimately, to patients.
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are bringing cell- and gene-therapy 

facilities online. 

Only a few years ago, the industry 

could boast of single-use bioreactor 

sizes up to only 1000 L. Now most 

companies offer bioreactor sizes 

up to 2000 L, and some are offering 

4000-L single-use bioreactors. 

Single-use systems can 
provide cost savings; 
sometimes these savings 
can be substantial 
compared with fixed 
stainless-steel systems, 
particularly larger 
systems.

CMOs are generally involved with 

more diverse products than innovator 

companies, and generally prefer 

single-use systems for the flexibility 

and fast changeover time. In addition, 

the full cost is often passed on to 

the client. But CMOs are reporting 

more issues with purification than 

developers. Innovator companies 

generally have more time and latitude 

to optimize downstream bioprocessing, 

because they develop and scale-up 

fewer products in-house; development 

time can be a decade or more. It is not 

surprising that CMOs responding to 

the BioPlan survey generally expressed 

higher interest than developers in 

single-use products, because single-use 

equipment provides the flexibility and 

rapid turnaround they require.

 Table I: Recently announced United States and European Union 
contract manufacturing organization single-use commercial-scale 
expansions and new facilities.

Company Main location Expansion 

Fujifilm Diosynth College Station, TX 12 x 2000 L

Patheon/Thermo-

Fisher
St. Louis, MO 12 x 2000 L

WuXi Biologics Dundalk, Ireland 24 x 2000 L

WuXi Biologics Worcester, MA
2 x 2000 L; 1 x 500 L 

perfusion

AGC 
Copenhagen, 

Denmark
7 x 2000 L

AGC Biologics Berkeley, CA 2000 L

AGC Biologics Bothell, WA >2000 L (est.)

AGC Biologics Chiba, Japan

2000 and 500 L 

bioreactors; number 

of each not cited

Xcellerex/GE Cork, Ireland

4 x KuBio modular/

SUS facilities (GE to 

operate for 4 cos.)

Lonza AG Singapore 4 x 2000 L 

Avid Bioservices Tustin, CA 4 x 2000 L (est.)

Rentschler 

Biotechnologie GmbH
Laupheim, Germany 2 x 2000 L; 2 x 1000 L

Sartorius Stedim 

Cellca (BioOutsource)
Ulm, Germany 5000 L (est. total)

BioInvent International 

AB
Lund, Sweden

2 x 1000 L, also 200 L 

and 50 L

Oncobiologics Cranberry, NJ 2000 L; 200 L

Avantor Bridgewater, NJ 2200 L total

Celonic AG Basel, Switzerland 2000 L; 200 L

Total ~150,000 L

Source: BioPlan Associates, Inc. resource website www.top1000bio.com

Figure 1: Applications in biopharmaceutical manufacturing; percent using single-use products.
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Single-use and 
modular manufacturing
Single-use equipment and manufacturing 

technologies continue to improve, and 

more modular bioprocessing facilities are 

entering the market. These advancements 

are enabling developing regions—such 

as Brazil and Thailand—to increasingly 

manufacture for their own domestic needs 

including commonly used vaccines with or 

without the participation of original product 

developers and current manufacturers. 

Cuba has been manufacturing diverse 

biopharmaceuticals for itself and 

international commerce for some time.

Accommodating multiple products 

in a single plant is a typical way to 

increase facility utilization, and single-use 

technologies such as disposable buffer/

product bags, drug substance bags, and 

flow path assemblies for chromatography 

and ultrafiltration/diafiltration enable quick 

transition from product to product.

In addition, a facility designed as a 

shell with reconfigurable space, similar 

to a nonclinical pilot plant, allows rapid 

reconfiguration to accommodate a wide 

range of process sequences. To achieve 

this, the processes, equipment, and 

automation must be designed to be highly 

productive in small, portable modules that 

can be easily rearranged to enable rapid 

changeover. Modular designs are enabling 

plant operators to easily switch between 

different types of equipment to make 

different products. Combined modular and 

single-use technologies reduce investment 

and operating costs, as well as the 

financial risk of building new manufacturing 

facilities. The benefits of this approach, 

including enhanced quality control, 

reduced waste, reduced impact on current 

operations, and simplified site logistics, are 

leading to a significant change in the design 

of the next generation of manufacturing 

facilities.

Improvements are expected in the 

physical/mechanical properties of 

single-use products and how these 

products are manufactured and supplied, 

with a deeper understanding of how they 

interact with processes and ultimately 

with patients. These improvements will 

occur not just for bioreactors but for 

other critical components like flow paths, 

filtration, and chromatography, which still 

lag behind cell culture in terms of capacity. 

Future opportunities to expand the 

application base for single use will arise 

with the introduction of new therapeutic 

modalities or novel ways of manufacturing 

established products. Cell culture-based 

vaccines, highly potent antibody-drug 

conjugates, bispecific antibodies, antibody 

fragments, and gene and personalized 

therapies will involve unique production 

challenges.

Single-use systems can provide cost 

savings; sometimes these savings can be 

substantial compared with fixed stainless-

steel systems, particularly larger systems. 

However, as in previous surveys, direct cost 

savings did not appear to be the primary 

factor for decision-makers. The data 

indicate that users of disposable systems 

are as concerned or more concerned about 

factors that will save time (add speed), 

reduce risk and processing disruptions, 

increase flexibility, and accelerate 

campaign turnaround. They are also 

interested in reducing capital equipment.

As the industry matures, vendors 

are introducing technologies such as 

improved single-use films/bags, sensors, 

chromatography systems, and mixers 

to differentiate themselves from the 

competition. This bodes well for customers, 

as competition may drive down prices 

and create more options to choose from. 

Recent advances continue in the area of 

single-use bioreactors where the size and 

scale of the vessels are increasing along 

with their automation.

Single-use systems can save 
on facility and campaign costs 
for CMOs, which in turn can 
reduce operating costs and 
capital investments. 

Single-use systems can save on facility 

and campaign costs for CMOs, which in 

turn can reduce operating costs and capital 

investments. The flexibility and quick 

turnaround times between process runs 

and client projects allowed by single-use 

equipment can also improve efficiency, 

which can reduce costs. These savings can 

be passed on to clients and, ultimately, to 

patients. Such savings also increase the 

perception of the cost-savings associated 

with contract manufacturing and 

potentially increase CMO profits. 
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M
odern manufacturing technologies are being 

adopted by pharma and biopharma companies 

because of the value that they can provide in 

improving quality, efficiency, and flexibility, as well 

as profitability. Replacing manual activities with 

automated systems can remove error and increase 

the speed and accuracy of activities. Examples of 

such technologies range from automatic data capture 

and electronic batch records, which can improve 

data integrity, to using robots, which removes the 

potential for human error and reduces the exposure 

of operators to ergonomic or safety hazards. 

Connecting manufacturing systems and individual 

pieces of equipment using the industrial Internet of 

things (IIoT) improves data flow, so that decisions can 

be made more quickly and with more information, 

and data analytics tools create insights that enable 

improvements in many areas. Whether these 

technologies are labelled as advanced manufacturing 

technologies, Industry 4.0 (1), or the digital plant, they 

are poised to transform bio/pharma manufacturing.

Bio/pharma companies and equipment 

manufacturers see the benefits of connecting 

processes, data, and decision making. “The idea 

behind the digital plant is to link design, engineering, 

manufacturing, supply chain, distribution, and 

services into one intelligent system. The benefit is 

that the analysis of data from all these disciplines 

can be used to self-validate, self-improve, and 

even self-correct production processes within the 

system,” says Ben Newton, chief digital officer at GE 

Healthcare Life Sciences. 

“Consistent operations and the use of advanced 

data analytics allow for continuous improvement in 

product quality,” agrees Heather Coglaiti, pharma 

and specialty chemicals market leader for Honeywell 

Process Solutions. 

The promise of right-first-time, high quality product 

with improved uptime is a key reason to implement 

digital technologies, says Pamela Docherty, 

life-sciences industry manager, USA, at Siemens. She 

notes that other important benefits include reduced 

time to market for new product innovations, greater 

transparency of operations that improves planning, 

increased employee productivity and health and 

safety, and better knowledge transfer, which is crucial 

with an ageing workforce. 

Bio/pharma companies and 
equipment manufacturers see the 
benefits of connecting processes, 
data, and decision making.

“We have to educate ourselves on emerging digital 

capabilities, so we can see the full set of possibilities,” 

says Jim Weber, advisor to manufacturing and quality 

IT digital manufacturing at Eli Lilly and Company. 

New technologies can provide creative solutions 

to problems, but he notes that for any project, a 

business case review is needed to ensure that the 

focus is the value, not the technology itself. One 

project at Lilly, for example, enhances predictive 

maintenance using an in-house engineering 

productivity tool and information management 

system, with a payback period of less than a year (2). 

According to analysts at McKinsey, fundamental 

shifts in the way data is used are leading to “a 

Jennifer Markarian

Embracing the 

Digital Factory for 

Bio/Pharma 

Manufacturing

New technologies enhance 

quality, efficiency, and flexibility.
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Drivers for Manufacturing Advances

quantum change in manufacturing 

and order-of-magnitude 

improvements in processes” (3). 

They report that in recent examples 

of digital plant transformation 

projects, they have seen changeover 

times reduced by more than 30%, 

deviations reduced up to 80%, and 

increases in overall equipment 

effectiveness of more than 40% on 

packaging lines (3).

Digital maturity
Companies can evaluate their 

progress on the digital transformation 

journey using various digital maturity 

models, such as one developed by 

the BioPhorum Operations Group (4). 

These evaluations are valuable for 

setting strategies and goals, as well 

as for choosing projects. 

“By performing a digital maturity 

model assessment and associated 

gap analysis, organizations … can 

identify which assets and processes 

need performance improvement and 

identify specific, measurable KPIs 

[key performance indicators]. Armed 

with such data, it is easier to build 

a business case that can be used to 

evaluate success,” explains Dennis 

Belanger, director of operational 

certainty consulting at Emerson.

“Bio/pharma companies are more 

advanced than one would expect,” 

says Ulf Schrader, senior partner 

at McKinsey and an expert in the 

application of digital technologies 

in pharma manufacturing. “Clearly, 

automotive and electronics are 

far ahead. But pharma has lots of 

data, and scientists are interested 

in obtaining more insights from 

the data. Compared to some other 

industries (e.g., consumer goods), 

pharma is ahead.”

Transformation will require both 

organizational and operational 

changes. “Leaders target 

high business impact, have 

a clear roadmap to scale this 

[transformation], and work closely 

with HR [the human resources group] 

on the related people topics and with 

IT [the information technology group] 

on the tech strategy,” says Schrader.

“Transformation will happen 

through time, replication, and 

accumulated learning,” adds Weber. 

“We believe the most valuable 

benefits of digital transformation 

come from the new capabilities that 

our people develop.”

Implementation challenges
Implementing digital transformation 

can be difficult due to technical 

aspects (such as acceptance and 

fast adoption of cloud technology, 

cybersecurity risks, data integrity 

risks, and the integration of new 

and legacy systems), organizational 

resistance to change, and budgetary 

constraints, notes Coglaiti. She 

suggests that initial projects 

could include introducing on-line 

tools for workflow, reporting, and 

documentation—or integrating 

manufacturing assets, such as 

sensors or smart instrumentation—

with the software for data analytics 

using the IIoT.

“An organization needs to identify 

the areas of production that will most 

benefit from that transformation first 

and most improve the bottom line; 

these will help prove ROI [return on 

investment] for further investments,” 

says Derrick Tapscott, GTC Lead 

EMEA at Rockwell Automation.

Shifting to a cloud platform 

is key, says Docherty. “Data 

in the cloud provides easier 

and more affordable access to 

computing power, the ability to 

deploy applications that visualize 

customer-specific insights, and the 

ability to contextualize data with 

many data sources. Cloud platforms 

should be open to allow data 

collection from any asset and any 

vendor. Additionally, it is imperative 

that a comprehensive cybersecurity 

strategy is put in place that covers 

all aspects of a facility, ranging 

from building access to firewalls 

and preventing phishing attacks.” 

Retrofitting 
existing facilities
Existing facilities offer a myriad 

of opportunities for digital 

transformation, but “not all projects 

have to be complete plant overhauls,” 

says Bob Lenich, director of global 

life sciences at Emerson. “Many 

of the best digital transformation 

results come from pilot projects on 

operational units that underperform. 

Site-level teams and gap analysis 

can quickly highlight opportunities 

for improvement, and the discovered 

opportunities can jumpstart digital 

transformations. The benefit of 

performing pilot projects is that 

organizations can then scale these 

pilots up to achieve the full-scale 

benefits. Therefore, to get the most 

benefit from digital transformation 

projects, it is crucial to develop a 

scale-up strategy as part of pilot 

implementation.”

A key challenge for transforming 

existing plants and equipment 

is changing the control systems. 

Facilities typically have equipment 

from various vendors, and these 

pieces of equipment may be difficult 

to connect. “Plants can end up with 

a mess of various communication 

protocols and equipment that do not 

speak to each other,” says Docherty. 

“In creating the digital plant, it is 

critical that components are able 

to communicate with each other to 

allow potentially large amounts of 

data to flow seamlessly throughout 

the plant. Communication protocols 

that allow this include Profinet, Hart 7, 

and others.” 

A key challenge for 
transforming existing 
plants and equipment 
is changing the control 
systems.

“Many legacy control systems were 

not built with the ability to connect to 

IIoT applications and cloud analytics,” 

agrees Belanger. He notes that 

integrated process control systems 

allow new automation controllers 

to be installed on top of existing 

equipment.

“Making changes to the control 

layer in a regulated environment is 

a challenge, given that any control 

changes have consequences for 

validation and qualification,” adds 

Tapscott. “Another challenge is 

retrospective data integrity as paper 

records aren’t linked to the batch 

system.” 

Advanced manufacturing 

strategies are useful throughout the 

industry, whether manufacturing 

raw materials or finished drugs. For 

example, GE Healthcare Life Sciences 

is in the process of transforming 
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its manufacturing facility in Logan, 

Utah, which produces dry powder 

media, liquid media, and serum for 

the company’s cell-culture business, 

by the middle of 2019. The facility 

has implemented an electronic batch 

record system and is implementing 

a fully automated manufacturing 

execution system (MES), which will 

connect, monitor, document, and 

control the manufacturing processes 

and data flows. The facility will use 

GE’s Brilliant Manufacturing software 

suite, made by GE Digital for use by 

all types of manufacturing industries; 

the software combines lean and 

advanced manufacturing with 

data analytics.

Data analytics
Data analytics—using the “Big Data” 

collected throughout processes—is a 

crucial part of digital transformation. 

Lilly’s digital plant vision—called 

“Smart Manufacturing”—is “largely 

driven by analysis of data and the 

communication of what adjustments 

need to be made based on the results 

of the data analysis,” says Wilfred 

Mascarenhas, advisor for data and 

analytics, manufacturing and quality 

IT at Lilly. With “smart machines,” this 

analysis “may be performed at the 

‘edge’ (i.e., at the machine itself) and 

then communicated to other relevant 

machines/processes and humans,” 

he explains. 

Advanced analytics projects at Lilly 

are being used to identify trends and 

patterns more quickly and effectively. 

“Some examples include using natural 

language processing to find patterns 

in complaints, applying data models 

to predict process failures, and using 

artificial intelligence techniques to 

identify and fix errors in supply chain 

data,” says Weber. “We’re doing 

these things in our existing facilities 

and leveraging data from current 

IT and automation systems. At the 

same time, we’re trying to anticipate 

equipment and system lifecycle 

timelines, so that we can build 

digital plant capabilities into new 

installations from the start.” 

Data analytics tools are no 

longer limited to specialists but are 

available for the average engineer, 

using domain knowledge to provide 

context to data, to “translate the 

findings in Big Data into actionable 

knowledge,” notes Belanger. “Finding 

a way to get critical data from the 

plant floor systems and sensors 

to edge (computing at or close to 

the device) and cloud analytics 

systems with appropriate context 

for analysis is an essential step for 

most pharma manufacturers—even 

the ones that have already begun 

digital transformation.” One solution 

is integrated MES and distributed 

control systems that are designed 

to work together help eliminate the 

“islands of automation” that inhibit 

data access.

Integrating disparate sources 

of manufacturing data can be 

a challenge, agrees Tapscott. 

“Many valuable sources of data 

are older machines that may have 

been implemented without data 

integration in mind. However, an 

IIoT platform architecture can 

access that data, integrate it across 

production, and deliver insights 

with context to operators and 

management,” he explains. 

Predictive maintenance is 

one manufacturing area where 

machine learning and AI are proving 

effective. “Due to the predictive 

and prescriptive nature of these 

types of tools, we can get very early 

indications of potential production 

and reliability problems and take 

corrective actions to prevent them 

from occurring,” says Belanger. 

“Projects with industry clients 

have been shown to be able to 

reduce maintenance expenditure 

by 40–50%.”

Digital twins
One of the technologies enabled 

by data analytics is the digital 

twin, which is a virtual model of 

a manufacturing process or even 

a complete manufacturing plant. 

This model can be used to simulate 

changes in manufacturing before 

implementing them in the real facility. 

“The digital twin could certainly 

be a game changer in the pharma 

industry,” says Docherty. The 

model could be used for virtual 

commissioning or for operator 

training, as personnel could 

“walk through” a digital, as-is 

representation of a plant/skid/facility; 

feedback could be used in new 

designs. “It is important to realize 

that the digital twin is not something 

that is achieved in one simple 

project; it is a step-wise process that 

starts with the implementation of 

a few software tools. From there, it 

can evolve into different directions 

depending on the need of the 

individual business,” says Docherty. 

“A challenge for the pharma industry 

will be getting FDA to agree that the 

digital twin can be used in lieu of 

online testing, which would enable 

faster qualification and avoidance of 

downtime for code changes.” 

Digital Manufacturing Enables Personalized Medicine

Manufacturing of personalized medicines, such as cell therapies, requires the traceability 

and efficiency enabled by a digital enterprise. “As these targeted therapies become 

more prevalent, manufacturers will need to adapt to the new challenges created by new 

processes,” says Bob Lenich, director of global life sciences at Emerson. “To maintain the 

timeliness, pace, and traceability necessary to deliver life-saving personalized therapies 

to patients, manufacturers are leveraging electronic scheduling systems with material 

collection/tracking software and manufacturing execution systems to ensure the 

patient therapy is properly planned, manufactured, and delivered back to the patient 

in the required timeline.” 

“In personalized medicine production, the market is challenged with fast production 

and quick release,” agrees Pamela Docherty, life-sciences industry manager, USA, at 

Siemens. “The material must be closely tracked through the production to ensure 

the patient receives their application and, once completed, the release should also 

be almost immediate in returning the treatment to the patient. The standard release 

testing is not applicable. A digital enterprise enables proper tracking and data collection 

to add efficiency.”
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Coglaiti points to Honeywell’s 

Virtual Unit Operations Controller 

(vUOC) as an example of a digital 

twin. “The virtual, machine-based 

UOC is a simulation controller with 

large memory for use in pilot plants 

and R&D facilities.”

At GE Healthcare, digital twins are 

being used to predict the behaviour 

of cell-culture processes so that 

optimal yield and harvest times can 

be obtained, says Newton. Data 

analytics tools can make process 

development and manufacturing 

faster and more efficient. “For 

continuous biomanufacturing, linking 

experimental design, manufacturing, 

and the measurement of key 

outcomes (such as yield and harvest 

time), we can predict the right 

conditions for focus and we can 

also adjust experimental conditions 

in real time to keep production 

yields high and costs low,” explains 

Newton. 

Flexible facilities require 
traceability and control
Continuous manufacturing of both 

biopharmaceuticals and solid-dose 

drugs offers increased flexibility and 

speed. These processes also require 

a high level of process control and 

traceability of materials through the 

process, which are enabled by digital 

technologies. 

Smaller patient populations 

are driving an increasing need for 

flexibility in volume and the ability 

to produce multiple products, 

whether using continuous or batch 

processing. “With multiple drugs 

per line, changeover management 

and operator guidance will be 

more important to help lower the 

cost of switchovers in terms of 

downtime and operator training,” 

says Tapscott. 

“Digital technologies give 

facilities greater flexibility through 

an increased capability to produce 

multiple products with less 

changeover time and with a smaller 

manufacturing footprint,” agrees 

Coglaiti. “Physical assets can 

be connected for more efficient 

processing and data flow. Improved 

data capture and data analytics allow 

for data to be more easily accessed 

by authorized users. Digital plant 

technologies also enable quick and 

easy scale up of processes and 

facilities.” 

Data integration leads to 

efficiency improvements, such as 

real-time release and optimized 

inventory management, in these 

flexible facilities, adds Lenich. 

“Alignment between maintenance, 

operations, quality, and planning 

allows data—such as equipment 

maintenance records, batch 

manufacturing records, and 

out-of-spec quality results—to be 

correlated across processes with 

context.”

Smaller patient 
populations are driving 
an increasing need for 
flexibility in volume and 
the ability to produce 
multiple products, 
whether using continuous 
or batch processing.

Don’t be left behind
Increasing pressure from 

competitors, customers, suppliers, 

and government regulators is 

encouraging implementation of 

digital technologies, concludes 

Docherty. 

Improved performance obtained by 

embracing digital transformation and 

using Big Data analytics capabilities 

will raise the bar for top quartile 

productivity performance, predicts 

Belanger. As a result, he says, “The 

gap for the adoption laggards will be 

greater and the pressure for the rest 

of the pack to get on board will be 

significant.”
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Exponential chromatography
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M
arket growth in the high potency active pharmaceutical 

ingredient (HPAPI) sector is projected to be in the region of 

8.5% of compound annual growth rate within the forecast period 

of 2018–2024, according to market research (1). This robust level 

of growth is driving a need for improvements in industry and 

particularly manufacturing standards due to the toxic nature of the 

molecules in development.

“The scope and scale of HPAPIs within the pharmaceutical 

industry is growing, with over 1000 small-molecule HPAPIs 

currently in development,” confirms Maurits Janssen, head of 

commercial development, API Development & Manufacturing, 

Lonza Pharma & Biotech. “Much of this increased focus originates 

from the potential of HPAPI ingredients to improve treatments for 

cancer and an increasing number of specialty companies focusing 

in this area.”

Additionally, there has been progressive interest in precision and 

personalized medicines, such as antibody-drug conjugates (ADCs), 

giving rise to more demand for highly toxic small molecules. 

ADCs are of particular relevance in light of more patient-centric 

approaches that are currently being favoured, thanks to their 

potential to reduce negative side effects of non-targeted oncology 

therapies due to their aimed action.

“Growth drivers for HPAPI medicines also include therapy areas 

beyond oncology,” specifies Janssen. “For example, antidiabetics 

and autoimmune diseases both account for 20% of the current 

production of small-molecule HPAPIs. While oncology therapies 

are becoming increasingly targeted and effective, thereby 

requiring smaller volumes of drug substance, other therapy areas 

have much larger patient groups and result in overall increased 

demand for HPAPI.”

Potent challenges
As is the case with many new candidate molecules, HPAPIs are 

frequently poorly soluble or feature bioavailability challenges, 

Felicity Thomas

Handle with Care
Bio/pharma companies facing new challenges in light of 

the increasing HPAPI market may benefit from outsourcing.

Janssen notes. As a result, HPAPIs 

require specialized enabling 

technologies to improve oral 

absorption and effective drug 

formulations, such as micronization, 

nano-milling, solid amorphous 

dispersions, and lipid-based 

approaches.  

“Another challenge is the need 

for specialized procedures and 

know-how in terms of handling and 

containment of the drug substance, 

intermediates resulting from particle 

engineering and the manufacture of 

the finished drug product,” Janssen 

continues. “Given the increasing 

potency of these molecules, even 

small amounts of exposure can be 

harmful to workers.”

Further issues can arise when 

considering the therapeutic 

indication and resultant volume of 

product that needs to be handled. 

For some therapies, larger product 

volumes are required, which in 

turn need alternative containment 

solutions. According to Janssen, an 

effective containment procedure 

will include a high-standard 

containment strategy, a clear and 

standardized process for equipment 

start-up, a well-mapped-out 

cleaning procedure, and proven 

decontamination procedures. In 

addition, well-trained operators for 

running the equipment are key.

“Phase-appropriate processing 

to support feasibility assessments, 

clinical scale manufacture, and 

commercial production must 

be accessible for successful 

drug development using HPAPI 

molecules,” he adds. “Additionally, 

sterile fill/finish capabilities or 

specialized liquid-filled drug product 

technologies for safe HPAPI handling 

and consistent dosing are typically 

required.”

Yet, Janssen iterates that many 

bio/pharma companies lack the 

infrastructure, expertise, and 

capabilities associated with the 

specialized technologies required 

to handle HPAPIs. Therefore, an 

outsourcing partner with specialized 

development and manufacturing 

capabilities can offer benefits.

“Beyond training and processes, 

companies must also build the 

right culture—one that values a 

commitment to safety, quality, and 
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Containment

performance,” he stresses. “After 

all, even with the right equipment in 

place, at least half of performance 

comes down to the well-trained 

people using it effectively.”

Benefits of outsourcing
Working with an external 

development and manufacturing 

partner that can help to manage 

highly potent compounds can not 

only help companies access specific 

technologies but can also potentially 

assist timeline management. 

“Working with a flexible partner 

with the appropriate capabilities 

can reduce costly delays—for 

example, in the scale-up and tech 

transfer process—and ensure that 

development schedules are kept,” 

says Janssen.

He further explains that 

by partnering with the right 

organization, companies can benefit 

from tailored options, fluidity, speed, 

and support in the HPAPI research, 

development and manufacturing 

process. “Ideally, such offers range 

from development of the active 

ingredient (API) to the final drug 

product formulation, integrating 

best practices from early clinical to 

commercial stages,” he adds.

In terms of containment, Janssen 

notes that a robust process that 

can support the correct use of 

highly potent compounds is the best 

solution. “An optimal containment 

strategy is twofold: a primary 

strategy that pertains to the reactor, 

filter, dryer, and their immediate  

usage; and a secondary strategy that 

describes additional containment for 

unit operations, requiring opening 

of the primary containment, for 

example maintenance,” he says. 

“In addition, well-defined and 

proven cleaning procedures also 

require consistent attention and 

caution from operators and these 

procedures need to be verified on a 

regular basis.” 

When deciding upon a partner 

for containment solutions, Janssen 

explains that it is important the 

organization has substantial and 

proven experience with different 

types of containment solutions. 

Through this experience, the 

outsourcing partner should be 

capable of operating the entire 

HPAPI programme as efficiently 

as possible, while also ensuring 

product quality and operator health, 

he notes.

Regulatory harmonization: 
A work in progress
In Europe, the European Union’s 

good manufacturing practice 

guideline (EU GMP) sets out the 

minimum standard that needs to be 

met by drug manufacturers during 

production of medicinal products (2). 

The EU GMP guidance document 

is also supplemented by several 

annexes that specifically relate to 

product type or particular topics.

Only governmental authorities are 

entitled to perform GMP inspections, 

and each European member state 

executes its own inspections. 

“Europe is working to ‘harmonize’ 

legislation regarding manufacturing, 

containment and handling for toxic 

substances and thus the differences 

between the European member 

states may be reduced in the future,” 

suggests Janssen.

Current political changes 

are set to disrupt the region’s 

standardization, however. “Of 

course, Brexit stands to remove the 

United Kingdom from the European 

harmonization, with the relocation 

of the European Medicines Agency 

already underway,” Janssen 

continues. “But, Brexit’s impact 

on the European pharmaceutical 

industry remains unclear.”

Simultaneously, Switzerland is in 

discussions with the EU concerning 

legislative harmonization, but 

Janssen reveals that in general 

Switzerland and the EU are already 

quite aligned. “For handling of highly 

potent compounds, most of the 

relevant Swiss legislation is around 

safety, health and environment, 

and these are already rather well 

defined,” he says. “New regulations 

may influence transportation of 

these compounds.”

To further harmonize the GMP 

inspections with the United States, 

there is an important mutual 

reliance initiative ongoing between 

the European Medicines Agency 

(EMA) and the US Food and Drug 

Administration (FDA) with the goal to 

increase exchange of information

Monoplant: Advantages of a dedicated facility

In October 2018, Lonza and Clovis Oncology announced the opening of a 

dedicated facility for the production of Rubraca (rucaparib)—Clovis’ ovarian 

cancer drug that is approved in both the United States and European Union (1).

“We worked last year to open a ‘monoplant’ that served one of our customers, 

Clovis Oncology—rather than using a multi-purpose plant serving multiple 

customers,” says Maurits Janssen, head of commercial development, API 

Development & Manufacturing, Lonza Pharma & Biotech. “This approach offers 

a number of benefits, including extensive automatic on-line monitoring of 

the production designed to facilitate real-time release testing, and dedicated 

access to our existing production trains to bridge between campaigns. This 

particular production site is part of a long-term agreement for Lonza to 

develop product supply for Clovis’s ovarian cancer drug Rubraca (rucaparib).”

The new production train is based at Lonza’s Visp site in Switzerland 

and offers extensive automation and on-line analytical monitoring 

designed to enable real-time release testing. “The results to date have been 

encouraging, including a substantial cost of goods reduction compared to 

initial campaigns,” Janssen reveals. “Lead time from order to delivery has 

also fallen, from more than 24–36 months initially to only six weeks now. 

Ultimately, the monoplant model means greater security of supply and 

flexibility to rapidly adapt to changes in market demands for specialty 

medicines such as rucaparib.”

Reference
 1.  Lonza, “Clovis Oncology and Lonza Celebrate Grand Opening of New 

Monoplant for Rubraca (rucaparib),” Press Release, 4 Oct. 2018.

contin. on page 22
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D
issolution in the intestinal tract is an essential first step in the 

delivery of most oral solid-dosage drugs. A high percentage 

of drug candidates today are, however, considered to be poorly 

soluble according to the Biopharmaceutical Classification System 

(BCS). Formulators are challenged to develop delivery mechanisms 

to overcome these solubility issues. Many excipients can enhance 

solubility as well. The challenge is to select the right ones for the 

specific API and dosage form.

Diverse excipient choices
A diverse array of excipients is used for solubility enhancement, including 

cellulosics, vinylpyrrolidones, acrylates, modified or copolymer variants of 

these chemistries, and various lipids such as triglycerides. Poorly soluble 

APIs can also be formulated with carriers such as cyclodextrins to form 

complexes that can enhance solubility and bioavailability.

Each of these excipient classes are capable of drug/polymer 

interactions that stabilize the compound in the desired state (e.g., 

amorphous state) and deliver it as intended, according to Kevin O’Donnell, 

R&D manager in pharma excipients at DowDuPont Specialty Products 

(DuPont) Division. “With the exception of controlled-release systems, 

these polymers will also be hydrophilic, possibly with pH-dependent 

dissolution, to improve wettability of the final formulation of the often 

highly hydrophobic APIs,” he explains.

Recent excipient introductions into the pharmaceutical market 

have been focused on overcoming processing limitations, because the 

formulation of poorly soluble compounds typically requires an enabling 

manufacturing technology, according to Paula Garcia-Todd, global 

strategic marketing manager for drug delivery technologies at DuPont 

Nutrition & Health. 

API properties to consider
The rationale for selecting the appropriate excipients for solubility 

enhancement should be primarily driven by the chemical structure 

and physico-chemical properties of the API and the target drug load, 

which together lead to the desired final dosage form, according to 

Cynthia A. Challener, 

PhD, is a contributing 

editor to Pharmaceutical 

Technology Europe.

Strategic Screening 

for Solubility Solutions
Understanding the API, delivery mechanism, and excipient 

functionality is essential to solving drug solubility challenges.

Sanjay Konagurthu, senior director 

of science and innovation in the 

pharma services group, part of 

Thermo Fisher Scientific.

Typical API properties used for 

selecting the appropriate excipients 

include aqueous solubility, LogP, 

LogD, pKa, melting point, glass-

transition temperature, organic 

solubility, thermal stability, 

precipitation kinetics, chemical 

stability, and others.

For example, O’Donnell notes that 

if the API is not soluble in organic 

solvents, it is likely that a fusion 

technology such as hot-melt extrusion 

(HME) will be used. In that case, 

excipients amenable to extrusion 

will be the first to be evaluated. 

Conversely, if the API is thermally 

unstable, excipients that are soluble 

in the same solvents as the API will be 

evaluated for spray drying. 

“A couple of the most fundamental 

considerations for developing robust 

formulations are ensuring that the API 

has sufficient solubility and stability 

in the solubility-enhancing excipients. 

These are the critical properties to 

overcome a solubility hurdle of the 

API,” adds Ronak Savla, scientific 

affairs manager, Catalent. 

Impact of the dosage form
Ultimately, formulation choices for 

excipients are primarily driven by the 

type of enabling technology used for 

solubility enhancement, according 

to Konagurthu. “We need to ensure 

we choose the right excipients for 

maintaining the physical and chemical 

stability of the intermediate(s) as well 

as the final dosage form,” he says. 

Lipid-based drug delivery systems 

(LBDDS) are one of the most widely 

used technologies for solubility 

enhancement, according to Savla. 

LBDDS can contain different 

combinations of oils (triglycerides 

or mixed glycerides), water-soluble 

surfactants (e.g., different forms of 

castor oil and polysorbates), water 

insoluble surfactants (e.g., oleic 

acid), and co-solvents (e.g., ethanol, 

PEG400, and propylene glycol).

“These excipients solubilize drugs 

or form emulsions. Therefore, in 

addition to purity and safety of the 

excipients, the most important 

attributes to consider during LBDDS 

development are the solubility 
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Excipients: Solubility Enhancement

and stability of the drug in the 

formulation and the minimization of 

drug precipitation upon contact with 

gastrointestinal fluid,” explains Savla.

Amorphous solid dispersions 

(ASDs) are increasingly used for 

solubility enhancement. In HME and 

spray-drying, the API is distributed 

throughout a polymer network, 

maintaining the API in a higher-

energy amorphous state with greater 

solubility than its preferred lower-

energy crystalline state. “To ensure 

stability of ASDs, the polymer should 

not only be compatible with the drug 

but also be miscible and enhance the 

supersaturation of the API in aqueous 

media,” Savla observes. 

A wide range of polymers are 

used in ASDs, including cellulosics, 

polyvinyl derivatives, and 

polymethacrylates. Hygroscopic 

or acidic polymers that might lead 

to hydrolysis or acidic degradation 

are an exception. Various additives 

such as surfactants, plasticizers, and 

permeation enhancers are also often 

employed by formulators.

The dosage form itself will impact 

the choice of excipients as well. For 

oral solid-dosage forms, Garcia-Todd 

notes that the permitted daily dose 

of an excipient and the physical 

properties of the excipient (e.g., 

many lipids may not be suitable 

for tablet formulation) must be 

considered. For non-oral routes of 

administration, such as implantable 

formulations, she adds that 

regulatory or toxicology limitations 

may exist for an excipient that limits 

or prevents its use.

Leveraging 
computer modelling
Formulation requires time and 

resources to create and test different 

formulations in the laboratory. 

Modelling and simulation tools hold 

the promise to improve speed and 

reduce costs by helping formulators 

simulate API-polymer interactions 

and focus their experiments on the 

polymers that have the most promise, 

according to Savla. He does note, 

however, that these modelling and 

simulation technologies are still in 

their infancy and there needs to be a 

continued effort to build the dataset 

for these models and validate them 

against in-vitro experiments.

For Garcia-Todd, modelling and 

simulation are already useful to 

some extent. “While modelling 

and simulation can be useful for 

eliminating certain excipient classes 

during excipient selection, they are 

not yet to the point of identifying 

a single best option. Often, these 

systems will identify a number of 

excipients that are most likely to be 

successful but it is then up to the 

formulator to test the set and identify 

which is indeed most capable of 

improving drug solubility for a given 

API,” she says.

Konagurthu, on the other 

hand, notes that the speed and 

performance of computational 

modelling methods using quantum 

mechanics (QM) and molecular 

dynamics (MD) has significantly 

improved, allowing for rapid 

in-silico screening of drugs in more 

complex environments. “To further 

improve success rates and reduce 

development time and cost, early 

consideration of the drug delivery 

method and formulation approaches 

should begin in parallel with 

drug discovery and development 

programs,” he asserts.

Thermo Fisher is actively leveraging 

modelling and simulation tools for 

excipient selection. The company 

has developed a novel in-silico 

approach/platform for identification 

of the appropriate solubilization 

technology and excipient selection 

for solubility enhancement, according 

to Konagurthu. The platform is 

designated as Quadrant 2 and is an 

agnostic approach toward formulation 

selection of excipients based on 

computer algorithms that use a 

combination of calculated descriptors 

and available experimental physico-

chemical properties. 

“Excipient selection and drug 

loading is accomplished by 

calculating descriptors, energies 

of interactions from QM and MD 

simulations combined with machine 

learning. These provide the input 

to an algorithm that provides a 

rank ordering of recommended 

excipients and drug loading options,” 

Konagurthu explains.

Thermo Fisher uses these 

simulations in the early phases of 

the development process to rapidly 

identify candidate excipients for 

drugs, predict key experimental 

properties of the formulations, 

and determine drug loading and 

formulation stability. Notably, the 

company has validated its models 

with experimental data for more 

than 175 compounds to a predictive 

accuracy of greater than 80%, 

according to Konagurthu.

A typical selection process
Many companies have their own 

unique protocols for excipient 

screening/selection for solubility 

enhancement formulations. “While 

methods will vary, the common goals 

will include (for ASDs), identifying 

the excipients most capable of 

holding the drug in the amorphous 

state (e.g., film casting and looking 

for residual crystallinity); identifying 

which of those are capable of 

generating strong supersaturation 

and maintenance thereof; identifying 

the potential drug load in the 

strongest candidates; and analyzing 

for potential incompatibilities. 

Additional steps may include 

evaluation of excipient properties 

of each candidate excipient in the 

intended manufacturing method,” 

O’Donnell explains.

At Catalent, the first step is 

screening API solubility, stability, 

and potential solid-state changes in 

a panel of common excipients used 

in US Food and Drug Administration-

approved products. Based on these 

results, formulation prototype 

development with other ingredients 

(surfactants, co-solvents, etc.) is 

undertaken. “It is important to keep 

in mind that the amount of excipient 

in the formulation is under the 

maximum allowable potency per 

dose,” Salva notes.

Thermo Fisher first uses its 

Quadrant 2 platform to select 

an available list of solubility 

enhancement technologies suitable 

for the API. The algorithm then 

identifies candidate excipients for 

each technology type and predicts 

factors such as maximum drug 

loading, stability, and dissolution 

performance for numerous different 

excipients. “Based on these results, 

a significantly reduced number of 

candidate excipients is generated. 

The top five to six are selected for 

experimental feasibility screening 
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using small amounts of API (<1g),” 

Konagurthu says. 

Key takeaways
“Every API is different, and 

unfortunately there is no silver bullet 

that is effective for all drugs,” Garcia-

Todd asserts. “With each compound, 

the formulator must identify the best 

enabling technology and the best 

excipient concurrently, and often 

these do not match. Finding the 

proper balance of performance and 

manufacturability is crucial early in 

development to ensure a drug product 

is effective and does not fail because 

it cannot be made,” she says. Adds 

Konagurthu: “The most challenging 

aspect is to reduce the number of 

excipients to a manageable level and 

have a high probability of improving 

the solubility and bioavailability.” 

What will help ensure success? 

“First, be material agnostic,” 

says O’Donnell. Just because an 

excipient worked in the past does 

not mean it will be the best choice 

in all cases. “Second,” he continues, 

“understand the limitations of 

your excipients in manufacturing 

technologies: do not try to force 

fit an excipient into a technology. 

Third, solubility enhancement 

does not guarantee bioavailability 

enhancement; advance more 

than one formulation into in-vivo 

studies.”

For Savla, because every 

drug is unique, it is important to 

comprehensively characterize the 

API to understand the challenges 

(e.g., poor solubility in acidic 

conditions) and develop potential 

formulation. It is also important 

to recognize that excipients work 

through different mechanisms in 

different enabling technologies. He 

also notes that some amount of 

experimentation is required.

The first step to take, according 

to Konagurthu, is identifying the 

appropriate enabling technology 

for solubility enhancement based 

on the API’s physico-chemical 

properties. Next, it is important to 

avoid excessive time-consuming 

empiricism by having a rational 

selection and screening strategy for 

excipient selection without relying 

on “trial-and-error” approaches. 

Ultimately, he says the goal is to make 

sound decisions based on balancing 

the aspects of bioavailability, 

manufacturability, and stability to 

develop a robust, commercializable 

drug product. PTE 

Containment — contin. from page 19

on GMP inspections (3,4). On a 

global scale, there has been a 

gradual coming together of Europe 

and the US through a Mutual 

Recognition Agreement (MRA) that 

enables inspection standards to 

be deemed as equivalent between 

the two regions. Additionally, 

the MRA between the EU and 

Japan, operational since 2004, 

was extended in 2018 to include 

sterile medicines, certain biological 

medicines, and APIs of any medicine 

covered in the agreement (5). 

An important contributor of 

the GMP harmonization that 

positively influences global GMP 

manufacturing requirements are 

efforts of the Pharmaceutical 

Inspection Convention and 

Pharmaceutical Inspection 

Co-operation Scheme (PIC/S), which 

now includes 52 state members (6). 

“Overall, we see the regulatory 

landscape gradually harmonizing 

around the world as more of the 

world’s population gains access 

to effective medicines,” adds 

Janssen. “We view streamlined 

global regulations as a positive 

for our customers, as it means 

we can implement more common 

practices between countries where 

we operate.”

Conclusion
“As the HPAPI landscape continues 

to grow and change, pharma 

and biotech companies may find 

themselves facing new challenges 

in terms of manufacturing, handling 

and containment of highly potent 

compounds,” notes Janssen. 

Yet, he specifies that the current 

and future challenges will extend 

beyond HPAPI, to include specialized 

processing and finished dosage 

forms. Additionally, challenges will 

be compounded as a result of the 

trend towards more specialized and 

patient-centric treatments. 

“Companies developing innovative 

pharmaceutical products will likely 

benefit from external partnerships 

with organizations that have the 

technologies, expertise, and flexible 

capabilities that can help meet target 

product profiles and commercial 

objectives for HPAPI and the 

specialized drug products that use 

these compounds,” he concludes.
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O
ver the coming years, the growth in the biologics market 

is projected to be rapid, reaching US$580.5 billion 

(approximately €513.5 billion) by 2026 (1). This growth is partly 

being attributed to an expansion in product portfolios, which 

is reflected in the higher number of biologics that are being 

approved by regulatory bodies globally (2).

“Medicine has experienced a revolution since recombinant 

DNA technologies moved from novel therapies in the mid-1980s 

to mainstream in recent times. The number of biologics gaining 

approval for an orphan indication has climbed to more than 

50% in the current decade,” confirms Victoria Morgan, biologics 

marketing director, West Pharmaceutical Services. “Last year, 

2018, was a record-setting year for new-molecular entity (NME) 

approvals by the United States Food and Drug Administration 

(FDA), 59 versus 46 in 2017. More than half (58%) of NME approvals 

were for orphan drugs (patient population less than 200,000 in the 

US) 17 of which were biologic NMEs.” 

According to Peter Ferguson, global market manager for 

biopharma at Roquette, the past decade has witnessed a marked 

shift in the pharmaceutical industry. “Companies traditionally 

seen as ‘small molecule’ have pivoted their emphasis and 

pipelines towards biologics,” he says.

Currently, there is a wide range of modalities within the 

biopharmaceutical industry, Ferguson explains, with the repertoire 

of biologics now spanning monoclonal antibodies (mAbs), fusion 

proteins, and emerging areas such as cell and gene therapies. 

“Of all therapies classified as biologics, mAbs stand out far above 

the rest in terms of prominence,” he continues. “Representing 

approximately 50% of the market (well above the next category, 

vaccines) mAbs are not only the most commonly marketed biologic 

today, but if we look at pipelines, where there are nearly 4000 

mAbs in development, the future of biopharma looks set to be 

dominated by this class of medicines.”

Felicity Thomas

Rising to the Challenge 

of Biologic Drug 

Formulation
As biologics continue to push boundaries, the industry 

needs to take a holistic approach to formulation to ensure success.

Formulation challenges
Poorly formulated drugs can 

have a significant impact on a 

development programme, and if 

poorly formulated candidate drugs 

progress to the clinical trial stage, 

developers may be looking at 

wasted resources and erroneous 

data sets, stresses Ferguson. 

“This [concern] further exemplifies 

why formulation optimization and 

pre-formulation activities are so 

important to delivering a successful 

programme,” he says. 

Regarding biologics in particular, 

the challenges associated with 

formulation, such as aggregation 

and degradation, must be 

extensively considered as these 

could have a severe impact on 

patient safety. “If an aggregated 

biologic is injected into a patient, 

there is a high chance of induced 

immunogenicity occurring,” 

continues Ferguson. “The 

impact of this [reaction] will be 

uncomfortable for the patient, but 

more importantly, will lead to the 

reduction in the therapeutic effects 

of the medicine. For a patient 

suffering with a life-threatening 

disease, such as cancer, a lack of 

efficacy in their treatment could be 

fatal.”

Morgan concurs that an 

extensive series of pre-formulation 

checks are imperative to ensure 

that developers avoid formulating 

an unstable, non-viable product (3). 

“Developers must determine 

whether the injectable biologic will 

break down within the intended 

formulation or the manufacturing 

process,” she says. “The drug 

must be thermally stable, possibly 

resistant to oxidation, and 

tolerate variations in light and 

other environmental stresses 

placed on it during manufacturing 

and packaging. Assessment of 

any residual solvents or other 

chemicals remaining after bulk 

preparation of the biologic will 

need to be accounted for in the 

formulation and manufacturing 

process. Finally, the solubility of 

the biologic must be assessed, to 

ensure that the formulation will 

result in high bioavailability without 

degrading or otherwise damaging 
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the biologic itself. Ideal formulation 

conditions are then set, which 

may include the introduction of 

excipients, specific parameters 

that must be maintained during 

manufacturing, and/or the 

presence of vacuum during 

certain steps.”

“From speaking to formulators 

across the industry, preventing and 

reducing the level of aggregation 

is what we see as the critical 

issue facing biologic formulators 

in the market,” notes Ferguson. 

“This issue affects most biologic 

drugs, in particular monoclonal 

antibodies. It is not easily 

solved, with further challenges 

created due to the varied 

nature and three-dimensional 

structure of different biologics, 

as well as a limited number of 

approved excipients available 

on the market.” Specifically 

approaching this issue, Roquette 

has introduced a hydroxypropyl 

modified betacyclodextrin 

excipient (KLEPTOSE BioPharma), 

which was originally used in 

the small-molecule arena, 

Ferguson reveals.

Limitations of delivery
The mechanics of administration is 

also an important consideration for 

formulators. The increasing trend 

for subcutaneous formulations 

to be developed for high-dose 

drugs raises specific challenges, 

explains Morgan. 

“The greatest challenge 

associated with the delivery of 

biologics lies in the limited delivery 

mechanisms available,” confirms 

Ferguson. “As most biologics 

are proteins, their chemistry 

makes them unsuitable for oral 

administration, due to the hydrolysis 

and degradation that would occur. 

If it were possible to formulate 

biologics into oral dosage forms, you 

would see a significant reduction in 

their total delivery cost.”

In agreement, Morgan explains 

that the complexity of biologics, 

compared with small-molecule 

drugs, has meant that the oral 

administration route has not been 

mastered. “There is enzymatic and 

pH-dependent degradation of drugs 

in the stomach and intestines,” 

she says. “Low permeability 

of epithelial cells that line the 

gastrointestinal tract means that 

proteins and peptides typically 

have extremely low bioavailability, 

in the range of around 0–2%, when 

taken by mouth.”

The size of biologics presents 

further delivery challenges. 

Molecular weights that can reach 

150,000 Da, compared to a few 

thousand usually encountered 

with small-molecules, give rise 

to viscosity issues, emphasizes 

Ferguson. “The administration 

preference for high-viscosity 

formulations tends to be 

intravenous, which is a costly 

option, requiring clinicians and 

trained medical professionals to 

deliver the treatment,” he says.

However, Morgan notes that if it 

is possible to formulate the biologic 

to within the traditional <1 mL 

space, maintaining stability in 

liquid form, and with a reasonable 

viscosity, an auto-injector 

may be a suitable option for a 

combination product. However, 

if there is any deviation from the 

standard formulation parameters, 

then different technology for 

delivery is required. Morgan 

points out the example of Repatha 

(Amgen) in combination with the 

SmartDose wearable device (West 

Pharma Services).

“Bringing biologic combination 

products to market has numerous 

potential pitfalls, however,” she 

says. “One must ensure the right 

analytical methods are in place; 

have a repeatable, controlled 

manufacturing process; manage 

poor yields; test compatibility of 

drug with device; design an ideal 

device through human factors; and 

navigate successful clinical trials, 

all whilst regulating and testing to 

the appropriate regulatory agency 

expectations. Navigate these 

challenges well and you have a 

robust process and product.” 

Addressing challenges
Fundamental challenges affecting 

biologics may be addressed during 

the formulation stage. During 

formulation, many of the critical 

quality attributes and parameters 

of the drug product are defined, 

Ferguson explains. He notes that 

for aggregation, selecting the 

correct and optimum excipients is 

of paramount importance. However, 

the ability to be able to perform 

this task is dependent upon the 

tools the formulator has available 

to them.

“The area of pre-formulation 

stands out as an under utilized 

area of formulation optimization,” 

Ferguson continues. “I often ask 

those working in drug discovery 

how many lead candidates 

never make it through to trials 

simply due to a lack of screening 

robustness. The answer seems 

clear—potentially a lot. Often 

separated both organizationally 

and physically, groups working 

within formulation refer to an issue 

termed a ‘silo’ mentality within 

research and development. Uniting 

and harmonizing these different 

disciplines could bring numerous 

benefits to big pharma during the 

development of drug products.” 

In Morgan’s opinion, both 

formulation and delivery device 

technologies can be employed 

to improve the overall patient 

experience. She says that 

formulating drugs to higher 

concentrations and using higher 

volume delivery systems can 

reduce dosing frequency, and 

using delivery systems that 

enable administration in the 

home setting can benefit the 

end user and potentially reduce 

healthcare expenses.

“Formulating drugs that can be 

self-administered by the patient 

has progressed the treatment 

Regarding biologics 
in particular, the 
challenges associated 
with formulation, such 
as aggregation and 
degradation, must be 
extensively considered 
as these could have 
a severe impact on 
patient safety.
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and compliance of disease states 

such as rheumatoid arthritis 

and diabetes,” she adds. “The 

fundamental shift in this field has 

been the move to subcutaneous 

delivery rather than intravenous 

or infusion.”

Subcutaneous delivery is 

challenging, however, and requires 

formulators to balance the 

pharmacological needs of the drug 

with the tolerability of the patient. 

Potential solutions available include 

increasing the dose concentration 

or increasing the dose volume, 

Morgan further explains.

“Upstream we see challenges 

as these increased viscosities and 

volumes may not be amenable 

to existing fill/finish processes,” 

she adds. “Concentration to the 

necessary level in the final product 

may not be possible for all products 

because, in many cases, upstream 

purification and manufacturing 

processes may limit the maximum 

concentration for the final drug 

product more than delivery and 

fill/finish process concerns.” 

Furthermore, limitations to the 

concentration can result from the 

drug-product properties, such as 

pH and osmolality, and the use 

of certain excipients. “Certain 

emerging formulation technologies, 

including the use of non-aqueous 

solutions, have shown promise 

towards mitigating such concerns, 

but are awaiting regulatory 

approval,” Morgan says. 

Subcutaneous delivery is still 

causing concern in the industry, 

with difficulties encountered in 

the patient’s ability to tolerate 

rapid injection with the larger dose 

volumes. “However, the launch of 

ENHANZE (Halozyme) drug delivery 

technology has potentially turned 

that argument on its head,” Morgan 

notes. “Based on a patented 

recombinant human hyaluronidase 

enzyme, the technology enables 

some biologics that are administered 

intravenously to potentially be 

delivered subcutaneously, providing 

a better experience for patients 

and increasing health system 

efficiency by reducing administration 

time, injection pain, and infusion 

site reactions.”

Furthermore, she emphasizes 

the importance of wearable drug 

delivery devices in solving the 

issues surrounding larger volume 

doses. “A wearable allows longer 

dosing times, patient comfort and 

convenience, even allowing home 

administration, which opens up 

historically limiting parameters for 

formulators,” Morgan says.

Looking to the future
“When I look to the future of the 

biopharmaceutical industry, I see 

two main agents of change within 

the next 10 years: advancements 

and adoption of innovative 

manufacturing techniques and the 

rise of advanced therapy medicinal 

products (ATMPs),” says Ferguson.

In his view, traditional 

manufacturing techniques for 

biologics, which use stainless 

steel technology, will need to 

adapt to the changing targets 

for drug developers—narrower 

patient populations and more focus 

on specific disease categories. 

“The implication here is that 

manufacturing techniques will 

need to mirror the required 

flexibility and productivity increase 

required,” he says. “Single-use 

manufacturing techniques currently 

represent a small proportion of 

the installed biopharmaceutical 

capacity. Looking forward, I see a 

fundamental shift in the approach 

taken to the manufacture of 

biologics—one only has to look at 

plants currently under construction, 

of which 25–50% use single-use 

technology, to see the fundamental 

shift that is taking place.” 

Morgan also touches upon 

manufacturing as an element she 

believes will witness change in 

the near future. “As biosimilar 

competition increases and pressure 

for biologics manufacturing costs 

to reduce, the number of approved 

biologics will continue to increase,” 

she explains. “We will see more 

outcome-based pricing as funders 

are under ever increasing pressure 

to stretch their funds.”

In terms of modality, Ferguson 

states that even though he 

believes mAbs will continue to 

dominate the biologics market into 

the future, there will be emerging 

areas, such as cell and gene 

therapy, that are set to play an 

increasingly important role. “The 

result that can be obtained with 

these therapies is outstanding, 

something of which the wider 

industry is starting to take note,” 

he says. “Formulations for these 

treatments will pose new challenges 

and significant benefits to patients. 

The stability and efficacy challenges 

confronting a formulation scientist 

in traditional biologics will not 

be the same for these advanced 

therapies.” 

One trend that is being 

witnessed across the industry is 

that of a patient-centric approach 

to formulation. “Developers need 

to look beyond the formulation 

of a stable drug all the way to 

patient compliance. How will the 

patient receive the dose, in what 

setting, and with what level of pain 

are all factors which should be 

considered from early development 

stages,” Morgan summarizes. 

“As biologics continue to push 

the boundaries of what was 

historically possible, use of delivery 

devices to allow patients to 

successfully comply with stated 

dosing regimens is becoming 

widespread.” 
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Optical coherence tomography can 

improve quality control and development 

of coated dosage forms by allowing film 

thickness to be measured in real time. 

M
E

G
A

K
U

N
S

T
F

O
T

O
 -

 S
T

O
C

K
.A

D
O

B
E

.C
O

M

Peer-Reviewed

T
he pharmaceutical coating process is a well-estab-
lished unit operation, but accurately measuring the 
endpoint of the coating process remains a challenge. 
Knowing the endpoint is crucial, especially for func-

tional coatings, because quality attributes, such as coating 
layer thickness, have a direct impact on product perfor-
mance, specifically the dissolution rate. 

This article summarizes results of a study that looked at 
optical coherence tomography (OCT) as a way to monitor 
pharmaceutical spray coating processes in-line for tablets 
and pellets. The study measured coating thickness as a 
function of time for tablets in a drum coater and for pel-
lets in a f luid bed coater. It also looks into the possible 
inf luence of dye, which was found to have no impact on 
measurements. Coating thickness was determined auto-
matically based on OCT images rather than via chemo-
metric calibration models. In-line data and off-line three-
dimensional mapping revealed additional facets of tablet 
and pellet coating quality (i.e., intra- and inter-particle 
coating variability).

Results of the study indicate that an industrial-ready 
OCT system can improve process understanding and as-
sure product quality in pharmaceutical functional coating 
applications, assisting pharmaceutical scientists with pro-
cess development, scale-up, transfer, and troubleshooting. In 
the future, OCT could become a new tool for quality control 
(QC) release, replacing unreliable and time-consuming test-
ing procedures. One of the technology’s key strengths is that 
it allows detailed understanding of the source of and pres-
ence of defects and can identify poor coating quality, both 
within a batch and between batches.  

Functional coating is a common way to improve patient 
compliance, prevent counterfeiting, and enhance bioavail-
ability—and with it, the overall functionality of solid oral 
dosage forms. In some cases “active coatings” are applied 
that contain one or more APIs to mitigate interactions be-
tween different drugs or to account for different release 
behaviours in a single dosage form. Enteric coatings are 
typically applied to tablets in pan coating equipment, while 
beads, mini-tablets, and pellets are typically coated in fluid-
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bed coating equipment (e.g., for taste-masking applications 
in paediatric dosage forms). 

The coating process must be controlled, based on coat-
ing thickness, thickness variability (both between different 
processing lines and within a single coating line), and coat-
ing defects (e.g., coloration or surface blemishes and cracks).

Coating problems are common during scale-up
Problems with coating are common during development 
and manufacturing, especially when scaling-up a process 
or transferring it from one lab or manufacturing site to 
another. Thus, having technology available that can moni-
tor in real time the critical quality attributes of coatings 
(including thickness, thickness variability, morphology, 
porosity, defects, and cracks) can reduce overall develop-
ment time, accelerate process scale-up,  and enable greater 
precision in determining the root-cause analysis of coating 
weakness. 

A number of techniques are currently used to study oral 
solid-dosage form coating quality, including optical inspec-
tion of cross-sectional cuts and measurement of tablet di-
ameters or weight gain. 

However, these approaches are time consuming, error 
prone, and can only provide approximate results. In addi-
tion, these methods cannot be applied in-line to allow for 
process monitoring or control. 

To overcome these shortcomings, in-line process ana-
lyzers have been developed to monitor and assess coating 
quality non-destructively, each with its own strengths and 
weaknesses. These methods include:

• Near-infrared (NIR) (1,2) and Raman spectroscopy (3,4) 
• Terahertz (THz) sensing (5,6), a powerful approach, but 

one that is not easy to implement in real time
• Spatial filter velocimetry (7)
• Dynamic image analysis (8).
In contrast, optical coherence tomography (OCT) allows 

coating quality of translucent functional coatings to be de-
termined rapidly, in real time, without the need for calibra-
tion. It also eliminates the need to develop and maintain 
chemometric models in order to interpret the data. These 
models are required for both NIR and Raman (1). Compared 
with other process analytical technology (PAT) approaches, 
OCT offers much higher scanning speeds (i.e., up to 250,000 
measurements per second vs. approximately 30 for THz and 
less than one for Raman). Furthermore, OCT provides very 
high axial and lateral resolution (more than one order of 
magnitude better than all other approaches).

How OCT works for coating measurement
OCT is an interferometric technique that is used to gen-
erate cross-sectional depth-resolved images of coating 
layer(s). The physical setup and operation of OCT sys-
tems have been described in the literature (9–11), with 
a functional distinction being made between time- and 

spectral-domain OCT systems. During image acquisi-
tion, a light source with high spatial and low temporal 
coherence is focused on the coating surface. Most light is 
ref lected or diffracted, but a substantial part penetrates 
the surface and is ref lected from interfaces of different 
materials with distinctive changes in refractive index. The 
ref lected light is detected with a spectrometer (for spec-
tral-domain OCT). By measuring the optical path length 
between the ref lections, it is possible to determine the 
distance between the interfaces considering the refractive 
index of the material.

Several studies have already demonstrated the high per-
formance of OCT systems for measuring the coating thick-
ness of pharmaceutical solid dosage forms (12–14). OCT can 
also be used to analyze coating thickness variations within 
single particles (intra-particle variation) and between par-
ticles (inter-particle variation) during the coating process 
(15). Recently, OCT has been commercialized as a monitor-
ing technology for good manufacturing practice (GMP) ap-
plications, and an ATEX model is available for industrial use. 
The research examined in this article evaluated the GMP 
commercial device.

Materials and methods
Optical coherence tomography probe. Throughout all experi-
mental work, a commercial spectral-domain OCT system 
(OSeeT, Phyllon, Austria) was used for measurements and 
data recording. The OSeeT system works at a central wave-
length of 832 nm with a spectral bandwidth of 75 nm, lead-
ing to a theoretical axial resolution of 4 μm. 

The base unit can be combined with a one-dimensional 
(1D) sensor with 14-μm lateral resolution for in-line mea-
surements. This sensor is also part of the additionally 
available at-line sampling device. A three-dimensional 
(3D) sensor with 10-μm lateral resolution is available for 
off-line measurements. Sensors and peripherals can easily 
be changed due to the use of standard connections such as 
fiber channel/angled physical contact (FC/APC) interface 
for the sensors and optical peripherals, and Universal Serial 
Bus Version 3.0 (USB 3.0) for electrical interfacing. 

Evaluating OCT for pan and fluid-bed coating. This research 
used a 1D sensor head (Phyllon) to monitor and validate a 
pan-coating process, and a custom-made 3D sensor (16) in 
two-dimensional (2D) operation mode (i.e., with one galvo 
mirror disabled) to monitor the f luid-bed coating experi-
ments. The 3D sensor was also used to measure pellets and 
tablets periodically drawn from the process, off-line. Sensor 
exposure time was set to 15 μs for in-line measurements of 
tablets (1D) and 30 μs for in-line measurement of pellets (2D) 
and off-line measurements (3D). The idle time (for read-out 
and digitalization) was set to 1.9 μs for all measurements. 
The exposure and idle times resulted in an acquisition rate 
of 59.2 kHz (1D) and 31.3 kHz (2D/3D). The acquisition rate 
corresponds to the number of single-depth scans per second, 
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resulting in a frame rate of 57.8 frames per second (fps) for 
the 1D device,  and 30.6 fps for the 2D and 3D devices. 

Case study one: pan coating. As a model use case, pan coat-
ing was evaluated on tablet cores containing acetylsalicylic 
acid (ASA) similar to the commercial product Thrombo 
ASS. Coating was performed in a lab-scale pan coater (Pro-
CepT, Zelzate, Belgium) with a reservoir capacity of 1 L, 
and a 0.8-mm Schlick spray nozzle was used to apply the 
coating suspension. The batch consisted of 350 g uncoated 
tablet cores containing 50 mg acetylsalicylic acid, lactose 
monohydrate, microcrystalline cellulose, highly dispersed 
silicone dioxide (SiO2) starch, talc, and triacetin. The bi-
convex-shaped tablet cores had a diameter of 7.15 mm, a 
height of 3.7 mm, and a radius of cubature of 7.9 mm. 

A common enteric coating (Eudragit L30 D-55, Evonik 
Industries AG, Darmstadt, Germany) was used, and blue 
colorant Liquitint Blue HP (Milliken & Company, Gent, 
Belgium) was added to the coating solution to provide a 
visual indicator of applied coating homogeneity. Following 
the coating manufacturer’s instructions (17), 504.9 g of 
coating solution were prepared, and the amount of added 
spray solution was calculated (18) to achieve a targeted 

coating thickness of approximately 
70 μm. 

A total of 150 g of coating suspen-
sion was applied to the cores, result-
ing in an additional 30 g of dry mass 
on the tablets. Coating parameters 
and targeted coating thickness were 
recommended by GL-Pharma, who 
manufacturers commercial product. 
The pan speed was set to 40 rpm, and 
the coating was performed at a spray 
rate of 3.2 g/min, at an inlet airf low 
rate of 0.4 m³/min, and a temperature 
of 50 °C. 

Table t s  were  mon itored (19) 
through the holes of the perforated 
drum of the pan, and OCT images 
were continuously acquired and 
saved for post-processing throughout 
the whole coating run. An automated 
evaluation algorithm (19) was applied 
on all saved images, including:

•   The automatic detection of tablets 
•   Extraction of air/coating and 

coating/core interfaces
•   Correction of distortions due to 

tablet speed, oblique orientation, 
and curvature

•   Calculation of the coating thick-
ness. 

The refractive index was assumed 
to be 1.48, as validated for the same 

coating material (20). Due to the insignificant inf luence 
of appearance-altering colourants on the refractive index, 
a negligible impact on measurements was expected. Ad-
ditional samples of 10–15 tablets were drawn every eight 
minutes and further analyzed using the OCT 3D sensor 
head configuration. Results of in-line and off-line mea-
surements, as well as weight of applied coating were com-
pared using Matlab software.

Case study two: fluid-bed coating. This use case aimed 
to coat relatively large pellets completely and monitor 
thickness. Pellet coating was performed in an lab-scale 
air f low technology coater (Romaco Innojet VENTILUS 
V-2.5, Pharmatechnik GmbH, Karlsruhe, Germany) on ex-
truded calcium stearate pellets, which were composed of 
a matrix carrier of 75% (w/w) calcium stearate, 20% (w/w) 
paracetamol (API), and 5% (w/w) glycerol monostearate 
as plasticizer (21).

The pellets had a mean particle size of 400–2000 μm, 
and 450 g of these pellets were coated with molten Dy-
nasan 118 glyceryl tristearate (Cremer Oleo, Germany) in 
three replicated experiments (B01–B03), all of which were 
run at the same process conditions.  The molten coating 

Peer-Reviewed

Figure 1: Monitoring of a pan coating process as function of time. RSD is relative 

standard deviation. a) Mean coating thickness and applied coating mass. Each data 

point represents the average of at least 50 thickness measurements per tablet. b) 

RSD of coating thickness measurements per tablet. The values correspond to the 

intra-tablet coating variability. c) RSD of mean coating thickness corresponding to 

inter-tablet coating variability. The RSDs were calculated from mean coating thickness 

measurements (one mean value per analyzed tablet) within 60 s process time.
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temperature was roughly 90 °C dur-
ing all experiments, and the refractive 
index was assumed to be 1.438 (22). 
Preliminary tests showed that a 100-μm 
coating thickness was sufficient to gen-
erate a smooth and cohesive film. The 
coating process lasted for 32 minutes 
until 218 g of coating mass were sprayed 
onto the pellets to achieve a theoretical 
coating thickness of 100 μm. Process 
conditions were set to a spray rate of 7 
g/min, 1.5 bar atomizing pressure, 60 
m³/h air f low rate and 35 °C inlet air 
temperature.

Pellet coating was monitored using 
the 3D sensor in 2D operation mode 
(13). At the inspection window, the 
sensor was protected by a thin sheet 
of plastic foil during all runs. In-line 
measurements of pellets were recorded 
every other minute for a duration of 60 
seconds. The research then compared 
automated sampling data to results 
from manually drawn samples, which 
were analysed off-line and evaluated 
based on 3D-OCT measurements and 
particle-size analysis using a particle 
analyzer (Qicpic, Sympatec GmbH, 
Germany). Results of in-line, 3D, and particle-size mea-
surement were then compared using Matlab software. 

Results 
Case study: pan coating.  As shown in Figure 1a, the measured 
coating thickness of tablets steadily increases with process 
time. Due to the 4.5-μm axial resolution limit of the 1D 
sensor (23), reliable thickness measurements are available 
only after seven minutes. For each analyzed tablet, at least 
50 measurements per tablet were performed. Tablets with 
fewer values were automatically rejected to guarantee ac-
curacy. In total, 1385 tablets were analyzed during 48 min-
utes of process time and the coating thickness approached 
a final value of 69.1 ± 4.9 μm, which is a good result com-
pared to the target 70 μm coating thickness. 

Analyzing variability. The collected data also permit the 
time-dependent analysis of coating thickness variations on 
single tablets (i.e., the intra-tablet coating variability as well 
as between tablets,  inter-tablet coating variability). This 
analysis was done based on the relative standard deviations 
(RSD) of the coating thickness as illustrated in Figures 1b and 

1c. The high RSD seen at the beginning of the process was 
due to the inhomogeneous distribution of coating mass on 
the total number of tablets and on single tablets.

As can be seen, the RSD decreased with process time, and 
thus, the coating uniformity was enhanced while approach-

ing the process end. A final weight gain of 150 g and an RSD 
of mean coating thickness (inter-tablet coating variability) 
of 7.2% could be achieved.

Manually drawn samples at different stages of the process 
enabled analysis of polymer film integrity and homogene-
ity on the tablet using off-line evaluation via the 3D sensor. 
Results agreed with in-line-measurements, which are shown 
as red circles in Figures 1a and 1b. The RSD of the coating 
thickness of the 3D-mapped tablets is of the same magni-
tude as the RSD of the measured in-line data. This shows 
that deviations of in-line data originate mainly from differ-
ences of the coating, whereas other effects, such as random 
movement of tablets or different parts of the tablets facing 
the sensor, are of minor impact. 

Case study: fluid-bed coating. The quality of real-time OCT 
images during fluid-bed coating was not as good as it was 
for the off-line images, due to rapid movement of the pellets 
and signal attenuation originating from scanning through 
the protection foil. The results were also affected by a sys-
tematic error (13), due to the curved surface of the pellets, 
which needs to be corrected for. To minimize errors, the 
algorithm used for automated evaluation of pellet coating 
thickness must consider these effects. To correct for these 
effects, a spherical shape was assumed for all pellets, and an 
ellipsoid fit of the captured OCT images was transformed 
to an equivalent circle radius. After this correction, the air-

Figure 2: Monitoring of a fluid-bed coating process as function of time. (a) Results of all 

three runs and the reference methods. (b) Results of inter- and (c) and intra- (c) pellet 

coating variability as a function of process time.
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coating and coating-core interfaces could be evaluated in 
the same way as the tablet measurements. Due to the fact 
that pellets have a more curved surface than typical tablets, 
the algorithm evaluated only the upper part of the pellets, 
which are facing the sensor head within an angle of ±30° 
around the highest point in the image. 

Results of the automated data evaluation and reference 
measurements are shown in Figure 2. While OCT data were 
acquired for the entire process time, only a subset of data 
are shown for the sake of clarity. A total number of 15,685 
pellets were automatically evaluated with an additional 
number of 1395 pellets analyzed by particle size analysis 
(shown as green filled squares in the figure) to provide an 
independent reference. In-line OCT measurements were 
only accepted if at least 30 measurements per pellet could 
be performed.

In terms of mean coating thickness (Figure 2a), results for 
all coating runs agreed with results from the manual evalu-
ation and showed even better correlation with the results 
from particle size analysis. As illustrated in Figure 2b, the 
plots of inter-particle coating variability showed good corre-
lation for all runs. All results of endpoint coating thickness 
were close to the target coating thickness of 100 μm and 
correlated well among the applied methods.

As expected, the RSD of the coating thickness between 
particles decreases during the process, following a function 

of √(1/t) as described by Turton (24). In 
general, the variability between runs is 
more pronounced in the beginning, due 
to the statistical coating process and the 
resolution limit of the sensor.  

The plots of intra-particle coating 
variability in Figure 2c also show a de-
crease in process time for all automati-
cally evaluated runs, in contrast to the 
results from manual evaluation, which 
did not follow this trend. This behav-
iour can be explained by the fact that 
the manual evaluation does not need to 
compensate for the experimental setup 
and the unknown velocity of the pel-
lets. Additionally, fewer samples could 
be evaluated manually compared to the 
automatic evaluations. Therefore, these 
values should be considered with a high 
error probability compared to the auto-
mated evaluated results. Results of the 
coating experiments for the different 
evaluation and reference methods are 
summarized in Table I.

Discussion
Pan coating. Results of the automatic 
evaluation of in-line OCT data during 

tablet coating showed a linear increase of coating thickness 
with process time, which is in excellent agreement with the 
reference method (sprayed coating solution) and the off-line 
3D mappings. Inter- and intra-tablet coating variabilities 
were found to decrease with process time, as expected. A 
minimum of 50 thickness measurements for every tablet 
guarantees a reliable basis for all automated evaluations and 
additional statistical results. Note that the non-zero coating 
thickness during the first 10 minutes originates from a high 
uncertainty of the measurements as a consequence of the 
resolution limit of the system (<10 μm). Additionally, only 
a few tablets were coated in the first few minutes, leading to 
a much higher spread of thickness readings. The addition 
of 1‰ of a liquid colourant to the spray suspension showed 
no negative effect on the quality of the readings, nor on the 
results of in-line OCT measurements, although the visual 
appearance of the tablets changed significantly with the co-
lour changing to dark blue. 

Note that the blue colourant used was not pharma grade, 
and therefore, not suitable for ingestion. It was used to allow 
visual inspection, and to demonstrate that OCT can also be 
used to analyze coloured coatings.

3D map analysis
Analyzing the recorded 3D  maps in more detail revealed 
that the coating layer partially compensated for small 
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 Table I: Results of pellet coating run evaluations.

Mean coating thickness [μm]
Intra-pellet coating 

uniformity [%]

Inter-pellet coating 

uniformity [%]

Run Automatic Manual Qicpic Automatic Manual Automatic Manual

B01 98.1 ± 10.5 104.0 ± 22.2 99.3 ± 16.8 14.4 9.1 10.7 21.4

B02 87.3 ± 11.2 104.5 ± 19.0 98.3 ± 11.4 15.5 10.4 12.9 18.1

B03 95.5 ±   9.4 105.6 ± 23.0 74.2 ± 14.2 11.8 11.7   9.8 21.7

Figure 3: Reconstruction of a complete 3D optical coherence tomography (OCT)-scan 

of a tablet under test. The coating partly compensates for irregularities in the core-

coating interface. 
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surface irregularities of the tablet cores, while larger cavi-
ties in the tablet surface persisted throughout the whole 
coating process as shown in Figure 3. Thus, OCT can be 
used to develop coating formulations designed to smooth 
tablet cores, if needed. Defects in the coating and exis-
tence of poorly coated regions (e.g., at the edges) can be 
readily detected, enabling closer engineering and con-
trol of the coating process (e.g., by increasing the coater 
temperature).

Case study two: Fluid-bed coating.  All three runs showed 
good correlation with each other and the reference 
method (dynamic imaging analysis). They are in an even 
better agreement with results from the manual evaluation, 
where only three points per pellet were measured and 
evaluated. This emphasizes the fact that the presented 
OCT system is capable of extracting the correct interfaces 
of coated pellets and interprets the data in a reproduc-
ible way. 

The improved algorithm, fitting an ellipsoid, worked 
well for the tested experiments, demonstrated by consis-
tent measurements compared with the reference meth-
ods. As listed in Table I, the comparison of results from 
automatic and manual evaluation reveals the advantage 
of the high number of measured values, with at least 30 
thickness measurements per pellet for automated evalua-
tion, because the standard deviation (SD) values are only 
half of the manual evaluation. This highlights the advan-
tages offered by OCT in terms of precision of automatic 
thickness measurements due to a higher significance 
compared to results based on only three manual mea-

surements per pellet. All runs met the targeted coating 
thickness of approximately 100 μm, which represents a 
coating amount of 32.6% (weight), which is typical for 
taste masking of multi-particulates (25) for similar coat-
ing systems.

In contrast to the manually evaluated data, OCT data 
enabled statistical information to be developed that showed  
intra- and inter-pellet coating variability and the variability 
decay with process time. In this study, all three experiments 
showed the same behaviour in general, with a decrease of 
RSD for the inter-pellet coating variability over time. The 
intra-pellet coating variability of the manual evaluation only 
deviated from the automated evaluated data in the begin-
ning of the run due to the small number of samples used for 
the manual evaluation. 

Conclusion
This study demonstrated that different coating processes 
could be easily analyzed by means of an industrial OCT 
system in real-time, both for tablets and pellets, in a coat-
ing thickness ranging from 10 μm up to 100 μm. OCT 
could be applied for inline measurements ranging from 
lab- to production-scale coaters. It can accurately detect 
the coating end-point based on coating thickness, inde-
pendent of spray efficiency, process parameters, and scale. 
For long-term inline measurements, air purging of the 
optical window of the 1D sensor worked well, and all in-
line equipment is available in hygienic design for use in 
GMP applications. In this work, the authors focused on 
investigating the growth of the coating layer, demonstrat-

 Table II: Commercial solid dosage forms evaluated with Optical Coherence Tomography (OCT). CA is cellulose acetate; 
CAP is cellulose acetate phthalate; HPMC is hydroxypropyl methylcellulose; LM is low methoxyl pectin; PVP is 
polyvinylpyrrolidone.

Type Product Name Producer Coating Information Coating Type

Tablet Cardura XL Pfizer CA, PEG Extended release

Glucotrol XL Pfizer CA, PEG Extended release

Minipress XL Pfizer CA, PEG Extended release

Procardia XL Pfizer CA, PEG Extended release

Thrombo ASS GL Pharma Eudragit L, Talcum, Triacetin Enteric coating

Pantoloc / Zurcal Takeda Eudragit L, HPMC, PVP, PEG, Polysorbat 80 Enteric coating

Glucophage Merck HPMC, PVP, PEG Immediate release

Tromcardin Trommsdorff Eudragit L, PEG Enteric coating

Voltaren retard Novartis HPMC, Polysorbat 80, Talcum Enteric coating

Aerius MSD HPMC, LM, PEG, waxes Immediate release

Neurofenac Merck HPMC, CAP Extended release

Pellet Effexor Pfizer HPMC Extended release

Detrol Pfizer Multilayered coating Controlled extended release
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ing that OCT is a suitable PAT tool. No dissolution data 
were generated. 

However, by comparing tablets used in these experi-
ments with results for commercially available Thrombo 
ASS, research showed that the coating thicknesses matched 
perfectly, with differences of less than 1 μm in coating 
thickness between the commercial product and our show-
case tablets. Work is now underway to correlate OCT data 
and dissolution behaviour, and will be the focus of future 
articles. However, preliminary data correlating OCT mea-
sured coating thickness and dissolution behaviour were 
presented at the International Forum on Process Analyti-
cal Chemistry (IFPAC) meeting in Washington, DC in 
2018 (26).

Some limitations seen 
Despite OCT’s strengths, the tested OSeeT system showed 
some limitations.  For example, coatings that contain a 
high concentration of pigments that are frequently used 
in cosmetic coatings (e.g., titanium dioxide as a whitener 
or iron oxide as a colorant) cannot yet be measured. More-
over, thin layers (<10 μm) cannot be accurately resolved. 
Development efforts are now underway to overcome these 
limitations.

In addition to results discussed in this article, the 3D-
OCT system has been used successfully to test other com-
mercial products, as shown in Table II. All examples could 
be measured and evaluated automatically. Coating thick-
nesses for the given examples were in the range of 10 to 
250 μm. 

The presented results highlight the ability of OSeeT, as 
the first commercially available OCT system for the phar-
maceutical industry, to generate significant statistical data 
for the mean coating thickness, as well as inter- and intra-
tablet variability, as a function of coating time. In addition, 
inner structure (porosity, morphology) and defects can be 
studied, as shown in Figure 3. 

While all of these properties, within the current quality 
assurance frameworks, can be (and are) analyzed daily, the 
number of dosage forms tested is low and testing is time-
consuming and costly. In contrast, OCT allows a detailed 
understanding of the critical quality attributes of coatings 
in real-time, including the source of variability and the 
presence of defects or poor coating quality, both intra and 
inter batch. Thus, OCT technology can support pharma-
ceutical scientist in rationally developing coating formula-
tions and the associated processes, allowing straightfor-
ward process transfer, scale-up, and troubleshooting. 
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O
ral solid-dosage drug manufacturers are regularly faced with 

making substantial equipment investments, and that certainly 

applies to rotary tablet presses. Although modern presses do boast 

the potential for lengthy, useful lives, the efforts made to exploit that 

should always be commensurate with the scope of the initial capital 

outlay. Increasing economic pressures have resulted in efforts to pay 

closer attention to preventive maintenance, although there comes a 

time when equipment refurbishment may prove absolutely necessary.

Original equipment manufacturers (OEMs) are often, and not 

surprisingly, an invaluable source of recommendations on how to 

maintain presses properly. Many also offer their own refurbishment 

services, thus one can turn to them for advice on what to look out for, 

and the best methods for undertaking such endeavors. It is the goal 

of this article to suggest some guideposts for approaching the idea of 

refurbishment, when such has been deemed necessary.

Why refurbish?
The decision on when to refurbish a machine will depend largely 

on the press owner, their own standard operating procedures for 

preventive maintenance, and whether or not their approach to this 

maintenance is proactive or reactive. There are, however, some rather 

obvious indicators that refurbishment work may be a good idea.  

Some common warning signs on a tablet press may include:

• Poor yields

• Erratic compression forces: potentially attributable to various 

issues, including those relating to load cells and poor calibration

• Poor or inconsistent weight control: variable causes, such as bad 

punch seals, worn dosing station gearboxes, worn or damaged cams

• “Chatter” in the compression stations: a possible sign of bad shims, 

bearings, etc.

• Odd noises from the main drive compartment

• Traces of product in undesired locations: worn parts, especially seals, 

can allow product to migrate into places that it ordinarily should not

Matt Bundenthal 

is director, sales and 

marketing at Fette 

Compacting America, 

sales@fetteamerica.com. 

Tablet Press Refurbishment: 

Why and How?
Identify the warning signs and follow best practices

for refurbishment to improve tablet press yields.

• Excessive vibration: a sure sign of 

mechanical trouble that can have a 

snowball effect on other parts

• Excessive wear on parts that 

should not ordinarily wear out (i.e., 

compression rolls, feeder tables, 

which normally rely on good runout 

of an in-specification turret).

Another major catalyst for 

considering the idea of refurbishment 

is the specter of looming 

obsolescence on certain components. 

One should always make it a practice 

to periodically ask the OEM for any 

indications that certain assemblies 

may soon become obsolete and to 

plan for such eventualities.

How to approach 
refurbishment
It is crucial for the press owner to 

identify the degree to which they wish 

to refurbish their press, early on in the 

process. This planning prevents the 

problem similar to that found when 

one brings a car to a mechanic for 

one issue but is ultimately informed 

that everything needs to be replaced. 

Refurbishment costs can spiral out 

of control should this important step 

be overlooked. Some press users 

simply wish to ensure their machine is 

brought back to a state of mechanical 

soundness; others wish for the 

same, but also strive for cosmetic 

improvements and computer upgrades.

The ideal way to approach a repair 

or refurbishment endeavor is to have 

an OEM representative physically 

pre-inspect a press at the user’s site. 

Much guesswork is thus removed, and 

it will foster a clearer understanding 

of scope and projected costs. This 

understanding often facilitates the 

prioritization process for the press 

owner, allowing them to budget for 

repairs and improvements deemed 

absolutely necessary. It is strongly 

recommended that the user pursues 

such an inspection, and requests a 

detailed quotation, prior to any work 

commencing (especially for projects 

necessitating the press be shipped 

elsewhere for work to be performed). 

There are some other important 

items to think about when considering 

refurbishment, especially if the work 

is to be performed by another party:

• Will there be warranty coverage 

following the work? If so, what is 

covered and for how long?
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Manufacturing

• Does the current condition of the 

machine actually justify significant 

refurbishment expenses? Does it 

have a good, undamaged foundation 

on which to base all other work? 

• If a machine is particularly old (i.e., 

25+ years) does it make sense 

to invest significant capital into 

mechanical and computer upgrades, 

when certain electrical components 

that are too complicated to remove 

and replace are likely to always 

lag behind? Full computer system 

upgrades can be costly.

• If the refurbishment work is to 

be performed by a third party, 

including an OEM, be sure that 

a comprehensive list of parts 

replaced will be included after the 

work is complete.

It is strongly recommended that 

work should progress in a fashion 

similar to that embraced by the OEMs 

(if the OEM is not performing the work 

themselves). Many older tablet presses 

have seen years of steady use, and will 

therefore be hiding dirt, grease, and 

other undesirable substances in hard-

to-reach places. Modern presses are 

highly precise machines. If one wishes 

to restore a press to a “like-new” 

condition, so that it ultimately 

performs as originally intended, it is 

strongly recommended that a rebuild 

should begin by stripping the machine 

down to its frame, followed by 

pressure washing. It is from that point 

that one has an optimal base on which 

to build things out.

Guidelines
While the order in which things 

should be checked may vary, the 

following items should always be 

carefully considered when performing 

refurbishment work on a tablet press. 

In all cases, repair or replacement of 

faulty and worn components should 

follow, as applicable.

Turret. The turret assembly 

represents the core of any tablet 

press, and it is the most tolerance-

critical component. It should be 

inspected for excessive wear or 

damage. Punch bores, die cavities, 

and the die table surface should be 

checked. Runout, the uneven wear 

found at the outer edge of the turret, 

should be minimal (if it exists at all). 

Cams. All cams and cam tracks 

should be carefully inspected for 

excessive wear and/or damage. 

Lower punches that drop lower than 

they should can contribute to erratic 

weights and low yields. Worn cams 

can allow for other unintended punch 

movements, leading to premature 

wear of other parts that come into 

contact with the punches.

Compression rolls. Compression 

roll surfaces and bearings should 

be inspected for surface wear and/

or excessive “play.” Rolls exhibiting 

any form of pitting should always 

be replaced; if metal fragments 

adhere to punch heads they will be 

transferred to the next roll, creating 

other pits, and so on.

Gearboxes. All adjustment 

gearboxes (i.e., for compression and 

dosing stations) should be inspected 

such that factory specifications can 

be maintained. These components 

play a major role in maintaining 

the precise volumetric control that 

modern presses are capable of.

Load cells. Load cells should 

be tested and verified for normal 

operation; “weight” control on a tablet 

press is typically derived from force 

measurement at the compression 

station load cells, thereby necessitating 

good signal strength and clarity.

Main drives. The main drive should 

be inspected and cleaned. The main 

drive gearbox should be inspected for 

excessive wear and/or “play.”

Chutes and ejection assemblies. 

Discharge chutes and ejection 

assemblies (where applicable) should 

be inspected and tested for proper 

function; very minor adjustments 

to these components can make the 

difference between good yields and a 

clean room, or tablets flying all about.

Shrouds and guards. Shrouding 

should be inspected and proper 

fitment confirmed; a metal shroud that 

makes even minimal contact with a 

rotating turret, for just one revolution, 

can instantly create lasting damage.

Electrical and safety interlocks. 

Electrical and safety interlocks should 

be carefully checked for proper 

function; tablet presses contain some 

very heavy components that move at 

high speed, and such inertia should 

be respected by ensuring all safety 

features are performing as intended.

When electing to have refurbishment 

work performed by an OEM, minor 

cosmetic damage is typically covered 

by an initial proposal; more substantial 

cosmetic needs, uncovered during 

in-depth dismantling and assessment, 

should be agreed to only after 

consultation with, and approval by, the 

press owner. As stated previously, one 

should practice due diligence before 

embarking on a refurbishment project, 

and decide early on as to what is critical 

versus what is unnecessary. This is 

especially important when the work is 

to be performed by a party other than 

the end user themselves, or an OEM.

Given the level of sophistication 

found in most modern tablet presses, 

including many of those built as many 

as 20 years ago, refurbishment work 

should include the calibration of all 

applicable equipment and devices (i.e., 

load cells, compression roll gearboxes, 

dosing stations, etc.). Calibrating the 

various sub-assemblies should be 

considered of paramount importance, 

and all efforts should be made to 

calibrate to the OEM’s original factory 

specifications. Proof of the procedures 

having been performed, normally in 

the form of a calibration sticker, should 

ultimately be affixed to the equipment.

A new lease on life
Tablet presses are generally capable of 

impressive performance, but the most 

sophisticated examples are made up 

of many hundreds of different parts 

that must work in concert with one 

another. It often takes only one or 

two off-song components to ruin the 

show. The good news is that, barring 

extreme damage, most presses can 

be brought back to a level of original 

factory performance, provided the 

owner embarks upon a sensible 

refurbishment programme.

Take the time to consult with 

your OEM, as they are bound to 

have information that is unavailable 

elsewhere. It is likely they may offer 

their own refurbishment services, 

and chances are there are few, if any, 

things to be found that will surprise or 

confound their technicians. Detailed 

repairs and detailed refurbishment 

deserve detailed know-how.  The 

improvements most commonly 

reported by press owners who have 

undertaken a careful refurbishment 

programme are those leading to 

greatly improved yields, which is 

of primary importance for tablet 

manufacturing. PTE
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W
ithin the bio/pharmaceutical industry, ascertaining drug 

substance/product stability is an integral part of the 

development process and must be performed according to specific 

regulatory requirements. Rigorous testing methods need to be 

employed to determine a product’s stability, safety, integrity, and 

shelf-life under a variety of stipulated conditions.

Rigorous testing for stability is considered to be a pre-requisite for 

acceptance or approval of any bio/pharmaceutical product submission 

by the relevant regulatory body. “Stability assessment is potentially 

the most important aspect of drug product development,” says Stuart 

Kirbyshire, stability manager, Intertek Pharmaceutical Services. 

“Any regulatory authority will expect you to have a full and thorough 

knowledge of your product, and without understanding changes 

to chemical and physical stability under variations of temperature, 

humidity, and light, obtaining approval will prove problematic.”

Guidelines, provided by the International Council for Harmonization 

(ICH), the World Health Organization (WHO), and other agencies, 

specify that bio/pharmaceutical products need to have an expiration 

date that has been determined via the most appropriate stability 

test protocols (1,2). These guidelines take into consideration the 

climatic zone of the intended market, of which there are four separate 

classifications for worldwide stability testing (3). 

“It is also key to assess your product across a broad range of 

climatic conditions to ensure global market reach,” Kirbyshire confers. 

“Understanding the effects of transportation and temperature cycling 

is also desirable to prove there will be no unanticipated events during 

shipping and storage.”

Some of the guidelines provided for stability testing, however, 

are only applicable to conventional small-molecule drug 

products/substances and, as guidelines, do not provide specific 

methodologies for the recommended tests. Therefore, analytical 

methods and bioassays need to be developed by analysts, which 

then must be validated. See Table I for an overview of the typical 

analytical methods employed.

Felicity Thomas

Key Considerations 

in Stability Testing 
Harmonization of best practices and regulatory 

requirements will enable developers 

to find the best stability testing approach.

“The analytical techniques employed 

can vary depending upon the type 

of molecule, dosage format, and 

intended therapeutic use,” explains 

Kirbyshire. “As the primary purpose 

for conducting stability studies is to 

determine shelf life, characterization of 

degradation products and potency for 

any pharmaceutical product.” 

“For biologics, driven by their 

complexity of structure, a more diverse 

analytical capability is required for a 

stability study. Therefore, it is important 

to design stability programmes 

that incorporate robust analytical 

approaches,” notes Jordi Trafach, 

associate director—Biologics, Intertek 

Pharmaceutical Services. “These 

analytical approaches should be built 

on a good scientific understanding of 

degradation pathways and established 

stability-indicating methods, which are 

sensitive and specific to changes in 

critical quality attributes (CQAs).”

Key aspects 
relating to biologics 
Biologics are known to be extremely 

sensitive to environmental factors 

and susceptible to aggregation and 

degradation (4). “To reduce the risk of 

degradation and maintain the biological 

activity of the product, suitable 

conditions for storage and shelf life 

must be established,” emphasizes 

Trafach. “Understanding potential 

degradation routes in relation to the 

storage environment are paramount 

to establishing which CQAs are more 

susceptible to change throughout 

the lifetime of the pharmaceutical or 

biopharmaceutical. Ultimately, this 

understanding ensures that the optimal 

quality control strategy is in place to 

monitor continued efficacy and safety 

of a therapeutic.”

As a result of the complex nature 

of biologics, Trafach states that 

bespoke, non-compendial methods 

may be required to monitor all 

potential and known degradants 

throughout product development. 

He stresses that it is also important 

to consider excipients that are often 

required in biologic formulations, as 

these excipients may be susceptible 

to degradation or may also react with 

the main biologic product. 

“In cases where a potential 

degradant is observed at a later 

development stage, there may be the 
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requirement to retest, which could 

lead to delays to the study completion, 

potentially impacting product 

registration,” Trafach continues. 

“Stability-indicating methods should be 

optimized and validated to demonstrate 

precision, accuracy, and robustness 

and that method performance is fit for 

its intended use.” 

Forced degradation studies 
Forced degradation studies are used 

to determine the degradation products 

that are formed during accelerated 

pharmaceutical studies and long-term 

stability studies (5). These studies 

are mandated by regulatory bodies 

for new drug substances and are 

integral to understanding degradation 

pathways, and, as such, gaining a 

comprehensive assessment of biologic 

stability, Trafach notes.

“Forced degradation studies 

also drive invaluable information 

regarding formulation development 

and process development,” he adds. 

“A forced degradation study can 

include factors such as temperature, 

light, pH, oxidizing agents, mechanical 

stress, and freeze-thaw cycles. 

The knowledge from these studies, 

in conjunction with a detailed 

understanding of the product and 

process, help to establish CQAs.”

Planning is prudent
The level of complexity and scientific 

expertise required to perform stability 

testing of sufficient quality and 

efficiency can take a considerable 

period of time and incur significant 

costs (6). However, appropriate 

procedure planning can be helpful, 

according to Kirbyshire. “With good 

planning of other activities around 

long-term studies, supported by 

bracketing and matrixing of batches, 

pack types, and strengths, as detailed 

in ICH Q1D, time pressures can be 

eased,” he says.

“In addition to planning,” 

Kirbyshire continues, “testing of 

 Table I: Overview of the typical methodology employed for stability testing in relation to the specific quality 
attribute to be assessed. 
Quality attribute Typical methodology for small molecules Typical methodology for biologics

Appearance Visual, Pharmacopoeia method Visual, Pharmacopoeia method

Sub-visible particles As advised in ICH Q4B Annex 3 (R1) As advised in ICH Q4B Annex 3 (R1)

pH Potentiometry, Pharmacopoeia method Potentiometry

Identity
Mass spectrometry, spectroscopy (NMR/FTIR) or 

chromatographic retention time

Mass spectrometry, immunochemical approach or 

chromatographic/electrophoretic retention/migration 

time

Assay/concentration HPLC or GC with suitable detection HPLC, UV spectroscopy or immunochemical approach

Purity HPLC or GC with suitable detection HPLC, Mass spectrometry, SDS-PAGE

General impurities (including oxidation, 

truncations, etc.)
HPLC/GC/IC/ICP—impurity dependent

Reverse phase HPLC, Ion Exchange LC, CE-SDS, 

LC–MS

Impurities (aggregates)
Size exclusion chromatography (SEC), analytical 

ultracentrifugation (AUC),

Impurities (charge variants)
Capillary electrophoresis (CE/iCIEF) and or ion exchange 

chromatography

Impurities (chemical modification, e.g., 

PEG)
HPLC-CAD, Mass spectrometry

Higher order structure
Circular Dichroism (CD) and/or Spectroscopy (NMR or 

FTIR), Analytical Ultra Centrifugation (AUC) if required

Receptor binding SPR

Potency Cell based assay, based on mode of action.

Sterility
Microbiology or container closure integrity, 

Pharmacopoeia method

Microbiology or container closure integrity,

compendial approach.

Endotoxin and total viable count Microbiology—Pharmacopoeia method Microbiology—compendial approach

ICH is International Council for Harmonization. 

NMR is nuclear magnetic resonance. 

FTIR is Fourier-transform infrared spectroscopy. 

HPLC is high-performance liquid chromatography. 

GC is gas chromatography. 

UV is ultraviolet. 

IC is ion chromatography. 

ICP is inductively coupled plasma. 

CE is capillary electrophoresis. 

SDS is sodium dodecyl sulfate. 

LC is liquid chromatography. 

iCIEF is imaging capillary isoelectric focusing.

Source: Intertek
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a product stored under stress 

conditions can give an early 

indication of how the long-term 

stability may turn out later 

down the line. So, it’s key to pay 

particular attention to the product 

performance at the early stages of 

your study at these conditions.”

In the future, Kirbyshire believes 

that there will be increased focus on 

the benefits of accelerated stability 

assessment programmes (ASAP) 

during early stage development, 

which have the potential to expand 

into later-stage assessments. 

“The ASAP strategy is based on 

the robust methods for forced 

degradation, where the products 

are submitted to high temperature 

and humidity conditions, and the 

time points reduced to 14 days,” he 

explains. “This is sufficient enough 

to cause a suitable increase in 

degradation, which can be used 

to predict the potential long-term 

stability effects.”

Despite some success being 

witnessed in the small-molecule 

arena, however, Kirbyshire stresses 

that suitability for physical stability 

testing or large-molecule assessment 

is not currently proven. “With 

increased use of the technique, further 

advances will be made establishing 

ASAP as a reliable and cost-effective 

method of determining product 

stability,” he says.

Considering the 
finished product
Stability of a bio/pharmaceutical 

product will have a dependency 

upon the dosage form and 

packaging-closure system chosen 

for commercial deployment (7). 

“The anticipated shelf life and 

in-use storage of your product once 

commercially available will strongly 

influence the approach to stability 

testing during development,” 

confirms Kirbyshire.

For example, parenteral solutions 

can have greater susceptibility to 

extremes of temperature and light, 

which usually leads to a storage 

temperature range of 2–8 °C being 

targeted, he explains. “Therefore, 

12 months storage at 2–8 °C and six 

months accelerated at 25 °C/60% 

relative humidity (RH) is sufficient to 

establish shelf life,” he notes.

In the cases of dry powder 

inhalers (DPIs) and oral solid doses, 

humidity is the key attribute to 

assess, Kirbyshire emphasizes. 

“Long-term studies at high humidity 

conditions (e.g., 30 °C/75% RH and 

40 °C/75% RH) are required,” he 

says. “A critical test at all time points 

is the assessment of aerodynamic 

particle size distribution for 

DPIs and dissolution for oral 

solid doses, which will confirm 

continued efficacy. Any reduction in 

performance may be improved by 

the use of effective packaging and 

potentially the addition of desiccant 

materials. Stability studies are key to 

determining these.”

Outsourcing stability testing
The decision to outsource stability 

studies can have a significant 

impact, either positive or negative, 

on the success of the overall 

drug development programme. 

If due diligence is not performed 

when choosing a partner, the 

sponsor’s decision could turn out 

to be costly (8).

“When assessing any outsourcing 

stability partner, there are many 

things to consider,” reveals 

Kirbyshire. “They must have an 

expert understanding of the key 

regulatory guidance, ICH Q1A R2 

but must also show compliance 

with [International Organization for 

Standardization] ISO 9001 to give full 

confidence in the quality systems 

and data integrity.”

Some other important aspects 

to consider when choosing an 

outsourcing partner for stability 

testing are the qualification and 

maintenance schedules of the 

storage facility and associated 

monitoring systems, Kirbyshire 

continues. “The integrity of the 

study is only as good as the 

reliability and robustness of the 

equipment and control strategies 

utilized by the provider,” he adds. 

“Excursions from storage conditions 

can have an unpredictable and 

severely detrimental effect to any 

study, be it a short-term assessment 

of API stability, through to a full 

registration stability programme 

extending up to five years.”

Of course, there are noteworthy 

benefits of partnering with an 

outsourcing service provider. “As 

pharmaceutical development has 

become an increasingly global 

partnering process, selecting 

a provider with knowledge 

and experience of import/

export requirements is strongly 

recommended particularly for some 

of the more challenging markets,” 

Kirbyshire adds.

Significant improvements
Over the years, there have been 

significant improvements in 

the reliability of equipment and 

monitoring systems, including 

real-time feedback of potential 

excursions, according to Kirbyshire. 

These technological improvements 

have given rise to accelerated 

and efficient decisions to be 

taken regarding the next stage of 

product development. 

“Regulatory decisions are 

routinely changing based on 

currently available data and 

justified strategies of stability 

assessment,” he summarizes. 

“Through harmonization of this 

information, companies developing 

medicines can make informed 

decisions on the best approach to 

adopt for their products.”
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PRODUCT/SERVICE PROFILES

Continuous Flow 

Development for Efficient 

Chemical Synthesis

Cambrex has invested strategically at key 

development and manufacturing facilities to 

expand its capabilities to include continuous 

fl ow technology, for fast and effi cient 

chemical synthesis in API manufacturing.

Cambrex has a rich history in chemistry 

at its Karlskoga, Sweden manufacturing 

plant, dating back 120 years to Alfred 

Nobel in 1896. Today the facility is one 

of Cambrex’s European manufacturing 

hubs, with a dedicated commercial-scale 

continuous fl ow unit, which is capable of 

producing multiple metric tonnes of high 

purity API intermediates per annum.

To complement its capabilities in 

Karlskoga, Cambrex has installed and 

validated multiple continuous fl ow 

reactor platforms at its US centre of 

excellence for API clinical supply and 

process development in High Point, 

North Carolina. This facility focuses on 

the rapid development of processes to 

supply clinical as well as commercial 

demand for chemical syntheses.

More information on Cambrex’s 

continuous fl ow capabilities and 

experience can be found at 

www.cambrex.com/resources

Cambrex

www.cambrex.com

info@cambrex.com

Bioavailability and 

Development Toolkit

With 85 years’ experience serving the 

pharmaceutical industry, Catalent is the 

leading global provider of advanced drug 

delivery technologies and development 

solutions for drugs, biologics, and 

consumer health products.

From its three early phase drug 

development centres of excellence in 

Nottingham, UK, Somerset, New Jersey, 

and San Diego, California, Catalent offers 

a wide range of solutions and technologies 

including pre-formulation and formulation 

technologies and expertise; as well as 

the broadest toolkit of bioavailability 

enhancing technologies. Its experience 

helps introduce more than 150 new 

products to market every year.

Catalent’s multi-award-winning 

OptiForm® Solution Suite platform can 

assist in the development of innovative 

dose forms that can improve a drug’s 

clinical effi cacy and commercial success. 

OptiForm Solution Suite is fast, fl exible 

and fact-based, combining the broadest 

selection of enabling technologies to 

ensure that the right decisions are 

made at each stage of development.

Catalent Pharma Solutions

www.catalent.com

solutions@catalent.com

Capsugel® Vcaps® Enteric

Vcaps® Enteric Capsule is a fully compliant 

capsule technology that simplifi es drug 

enteric delivery implementation from 

early-stage development to commercial 

manufacturing. The pharmaceutical grades 

of cellulosic derivatives used in Vcaps® 

Enteric capsules are approved and have 

extensive market precedence for use in 

providing enteric protection. Vcaps® Enteric 

capsules have been evaluated in-vitro and 

in-vivo across a number of compounds, 

which has proven full compliance with 

relevant European, Japanese, and 

US Pharmacopoeia monographs.

Capsugel Vcaps® Enteric capsules 

can be utilized to greatly simplify and 

accelerate prototype development and 

rapid in-vivo testing of products requiring 

targeted delivery to the upper GI tract:

• Eliminate coating system 

preparation and application steps

• Rapid screening and optimization 

of enteric performance

• Remove dependency of enteric 

functionality with process variability

• Obviate need for process development 

of the enteric coating step, 

process scale-up and validation

Product Description

• Two-piece hard capsule

• Manufactured with pharmaceutical-

grade cellulosic derivatives 

(HPMCAS, HPMC)

Capsugel® Lonza 
Pharma & Biotech

www.capsugel.com/biopharma-
ceutical-products/vcaps-enteric-
capsules

solutions.emea@lonza.com
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CordenPharma Commerical 

Injectable Drug Products

 >>  Wide & balanced range of injectable 

services including capability for 

combining injectable drugs and 

devices (combination products)

 >>  Aseptic & Terminal Sterilization Fill 

& Finish Technologies for Pre-Filled 

Syringes (PFS), ampoules, liquid 

and lyophilized vials, supporting 

a wide range of filling volumes

 >>  Substantial Drug Product 

regulatory and filing experience 

globally (EMEA, FDA, PMDA)

 >>  Full-service CDMO offering project 

management & integrated supply 

from APIs to final Drug Products

 >>  Packaging/labelling

 >>  Clinical trial drug kit 

management (logistics, track 

& trace, documentation)

CordenPharma

www.cordenpharma.com/
contact-us/

PRODUCT/SERVICE PROFILES

Nexera Bio

Peace of mind for 
biomolecule analysis
Shimadzu’s new “Nexera Bio” solution is 

a biocompatible Ultra-High Performance 

Liquid Chromatography (UHPLC) system. 

It offers the same superior reliability, 

robustness and expandability as other 

Nexera series UHPLC systems. It is 

particularly well suited for analyzing 

protein-based pharmaceuticals, antibody 

drugs and other substances developed or 

manufactured using biotechnologies. The 

Nexera Bio is compatible with mobile phase 

solvents containing high concentrations of 

salts or acids, and has also been designed 

to inhibit peak tailing caused by adsorption 

to tubing. The Nexera Bio is equipped with 

new and advanced product features such 

as maximum corrosion resistance, low 

surface activity, and minimized sample loss.

Shimadzu Europa GmbH

www.shimadzu.eu

shimadzu@shimadzu.eu

SMA MicroParticle ICSTM

VAI is pleased to announce the addition of 

the SMA MicroParticle ICS line of non-viable 

particle counters to our contamination 

control portfolio. The units utilize the 

latest innovation in particle counting 

technology and have several features 

not found in other Particle Counters. 

• Multi-Processing—can simultaneously 

process, perform tasks, and log data 

without interrupting sampling 

• Real-Time Meter—displays particles 

counted per second, per channel, for 

pinpointing sources of contamination

• Annotations—allows users to add 

notes to data records during sampling 

• Advanced Power Management—have 

advanced power management features, 

including the industry’s first sleep 

mode, and over 10 hours of battery life 

• Sampling—can store up to 

45,000 comprehensive data 

records for each sample

• Reporting—produces reports that 

comply to ISO 14644-1, EU GMP 

Annex 1, and Federal Standard 209E 

Available in three models: HandHeld, 

Table Top, and Wall Mount. Remote 

models are also available for integration 

into facility monitoring systems.

Veltek Associates, Inc.

www.sterile.com

vai@sterile.com
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Simplification is crucial to maintain data integrity, according to 

Siegfried Schmitt, PhD, vice-president, technical at PAREXEL Consulting.

Q.
In recent times, several agencies and organizations have

published regulations and guidances on data integrity.

It is hard enough keeping up with all the requirements and

recommendations, and it seems that our processes and 

procedures are becoming ever more complicated because of 

these regulations. How can we prevent ‘death by complexity’?

A.
Indeed, a lot has been published on the subject of data

integrity (1–3), all with the best intentions, but not neces-

sarily always providing the most practical of advice. Or, it may 

just be hidden in the vast amount of information provided in

these documents. For example, a Pharmaceutical Inspection

Co-operation Scheme (PIC/S) guidance document (2) states, 

‘Examples of factors which can increase risk of data failure

include complex, inconsistent processes with open ended and

subjective outcomes. Simple tasks which are consistent, well 

defined and objective lead to reduced risk.’ In 2016, the World

Health Organization (WHO) (4) stated, ‘Good data process design

should consider, for each step of the data process, ensuring 

and enhancing controls, whenever possible, so that each step

is: consistent; objective, independent, and secure; simple and 

streamlined.’

Therefore, it is worth noting that simplification is a strong 

enabler of data integrity. So how does this work? There are some

basic principles that should be applied consistently, such as:

• Simple, but clear and unambiguous instructions

• The sequence of instructions reflects the sequence of 

activities

• In a written document, the reader is never required to go

back within the document

• Forms are logically laid out. 

In one example, the records for the cleaning of a controlled 

area were scrutinized in an audit. According to the records, it was

not clear when the operator cleaned a specific room and whether 

the cleaning was done correctly. The operator had to clean three 

rooms; this process was always done in a logical sequence, but

that was not described in the instructions. As the operator was

not allowed to take paper into these areas, the record was only 

completed once the operator had exited the area. The instructions

were 45 pages long, which made it doubtful whether the operator

could remember all the steps correctly. 

Following the audit, the cleaning instructions for each room 

were extracted and written in a simple logical sequence. It was

possible to fit the new sequence of instructions onto one or 

two pages (per room), which were laminated and could thus be

disinfected and permanently displayed in the respective areas. 

This way, the operator could consult the instructions whenever

necessary. Furthermore, the cleaning logbook was redesigned

to show on one line the date and time the operator entered the

area, and the date and time the operation was complete, together

with a field for any comments (rather than having each entry on a 

different line and often on different pages of the logbook). 

This simple example illustrates that it is not always necessary to 

change the way operations are performed. What has to be done, 

however, is to break down instructions into manageable pieces, 

with tasks unambiguously described and presented sequentially. 

Why does this help with data integrity? Because it eliminates or 

prevents errors, reduces the risks of data omissions or errors, and 

enhances confidence in the system by inspectors.

In summary, though compliance with data integrity 

regulatory requirements may necessitate some more complex

methodologies or systems, simplification of procedures and

instructions is a key element of the compliance effort.
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