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DRUG DEVELOPMENT

Jin Y. Ooi is Professor of 

Particulate Solid Mechanics, 

School of Engineering, 

University of Edinburgh, 

United Kingdom.

How Particulate 
Modelling will 
Revolutionize the UK’s 
Pharmaceutical Sector
Particulate modelling has the potential to transform productivity within the 

pharmaceutical manufacturing industry, speeding up production cycles, reducing 

manufacturing costs, improving efficiency, and driving inward investment, 

with the potential to reinstate the UK as a global manufacturing powerhouse.

Back in 2014, George Osborne, who was then the 

United Kingdom’s Chancellor of the Exchequer, 

announced the launch of a new £28-million National 

Formulation Centre (NFC) in an effort to improve 

productivity and efficiencies within the UK’s process 

sector, including pharmaceuticals. The new centre, 

led by The Centre for Process Innovation (CPI), will 

bring universities, innovation centres, and businesses 

together to help companies tasked with developing, 

proving, prototyping, and scaling up the next 

generation of formulated products and processes. 

The initiative will focus specifically on improving 

areas of product and process design, delivery, 

stability, and sustainability. A key aspect to this 

initiative is the introduction of innovative new digital 

technologies into the manufacturing process, such as 

discrete element modelling (DEM), to improve product 

design, speed up production, minimize costs, and 

reduce wastage. The British government has identified 

digital technology as a key driver to boosting 

manufacturing productivity, a view shared across the 

globe. Digitalization is, in fact, widely recognized as a 

step change and a potential game changer in the way 

products are designed and manufactured. During the 

past 10 years, there has been a massive rise in annual 

spend across Europe, the UK, and the United States 

in this area. For example, by 2020, nearly €80 billion 

will be made available for the seven-year Horizon 

2020 Funding Programme across Europe, with a focus 

on science and technology underpinning industrial 

innovation (1).

Modelling in pharmaceuticals
The widespread use of digital modelling software 

techniques such as DEM—a technique that enables 

engineers to predict the behaviour and impact of 

particulates on their designs—has the potential to 

revolutionize the pharmaceutical sector in the UK by 

boosting productivity and reducing manufacturing 

costs. But how is particulate modelling so relevant 

to pharmaceuticals? The efficient handling and 

processing of particulates is crucial to the profitable 

manufacture of pharmaceutical products. More than 

75% of pharmaceutical products are marketed as solid 

dosage forms, and particulates are involved in almost 

every stage of the manufacturing process. Using 

particulate simulation early in the manufacturing 

process enables engineers to accurately simulate 

and analyze the behaviour of their particle systems. 

Digital modelling will, for example, provide a detailed 

analysis and visualization of the flow of particles, from 

powders to tablets, through process segments and 

handling equipment. The information obtained helps 

promote innovation in product design and reduces the 

need for physical prototyping and long development 

cycles, both of which are costly.

DEM has many applications in pharmaceutical 

manufacturing, including predicting powder flow 

properties; helping to evaluate powder testing 

equipment; optimizing tablet compaction, coating, 

and handling; and helping with the design and testing 

of powdered drug-delivery devices. For example, one 

of the challenges that tablet manufacturers often 

face is achieving a consistent coating thickness. 

For coatings that contain the API itself, variability in 

coating will give rise to variability in potency between 

tablets. Variability in thickness can also lead to 

variable drug-release profiles. Finally, high levels of 

coating variability for cosmetic purposes can result in 

longer process times to ensure that all tablets have 

received a sufficient amount of coating. 

Companies, such as Pfizer, are using DEM 

simulation to improve the consistency of tablet 

coating. The DEM software enables them to 

predict the total residence time in the spray zone 

for a given tablet, helping to achieve a more even, 
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consistent coat and to reduce 

waste. Nonetheless, despite 

the obvious benefits, the use of 

digital modelling techniques in 

the pharmaceutical sector is still 

underutilized. Today, the majority of 

pharmaceutical companies rely on 

assumptions, guess-work, and simple 

measurement to predict particulate 

behaviour when designing machinery 

or predicting active ingredient 

dosages for medicines or tablet coat 

thickness. Most manufacturers rely 

on trial and error and prototyping to 

achieve consistent designs, resulting 

in a painfully slow and excessively 

expensive production process. This 

approach can often lead to vital 

drugs being delayed significantly in 

production.

Barriers to adoption 
Particulate modelling can be 

challenging, which is why only a few 

companies are using this technology 

despite its benefits. Companies 

have achieved models that work 

well for small-scale operations, but 

the difficulty comes when scaling 

up to industrial operations. In short, 

modelling principles that work for the 

very small do not apply to the very 

big, and this issue is a major stalling 

point for many manufacturers.

The technology and knowhow 

is getting there, but it is limited to 

the academics who are developing 

new techniques and methods. The 

challenge is to get this knowledge out 

to the industry cost effectively and 

providing tools that are accessible to 

the industry so that companies with 

limited expertise can benefit from 

the technology. Currently, modelling 

is expensive and complex, and these 

factors are stalling mass adoption 

across the industry. Multinational 

companies will often have a greater 

capacity to adopt new technologies 

because they can invest in staff and 

training, but it is much harder for 

small-medium enterprises (SMEs) 

that lack the financial and human 

resources. 

The complexity of the modelling 

software is also an issue. The 

techniques developed by academia 

are often not directly accessible 

for commercial use and rely on 

technology enablers to bridge the 

gap. For example, the team at EDEM 

has worked on developing their 

particle simulation technology to 

make the method more accessible, 

such as by improving the ease of use 

and building in “intelligence” so that 

researchers can focus on the problem 

and not the complexity of the tool.  

There is also a general lack of 

understanding within the industry 

of what DEM is capable of, as well 

as an entrenched thinking that 

defaults engineers to use tried 

and tested techniques. Moreover, 

most engineering degrees don’t 

even include DEM or particle-scale 

modelling in their syllabus. At the 

post-graduate level, the situation is 

better, but only a few students are 

interested in studying particulate 

modelling at the post-graduate level 

because of the lack of awareness and 

exposure to the topic. It is pertinent 

that the relevant university degree 

curriculum highlights the relevance of 

particulate modelling to prospective 

engineering undergraduates. 

Part of the problem is that 

academic institutions take a more 

classical approach to engineering 

and are not always in touch with 

the needs of the industry or do 

not keep up with the development 

of modern techniques. On a more 

positive note, there is strong demand 

for those with appropriate training 

in particulate modelling because 

companies are looking for experts in 

this field.   

Driving change
The universities have a role to play 

in driving change. Particle scale 

modelling ought to be introduced in 

undergraduate engineering degrees, 

within the solids processing and 

particle technology curriculum, so 

the next generation of engineers are 

aware of its capability early in their 

education. 

The industry also needs to be 

made aware of the benefits and 

capabilities of particulate modelling. 

Firstly, if there are more engineers 

versed in particulate modelling, this 

awareness will come from within. 

Secondly, the technology enablers 

who recognize the potential of such 

technology will invest in creating 

particulate modelling software that 

can be commercialized for industrial 

purposes. 

The widespread adoption of 

particulate modelling will also 

depend on the quality and ease of 

use of modelling software tools. 

DEM remains a specialist technique 

that only a minority of engineers 

have the expertise to use. It is little 

wonder that so few companies 

are using it. The mass adoption 

of particulate modelling by the 

pharmaceutical industry depends 

on the democratization of modelling 

software so that it is accessible to 

any design engineer without the 

need for specialist expertise. For this 

to happen, more automation and 

intelligence must be built into the 

particulate modelling software tools.

Collaboration is also key to success. 

The industry, the government, and 

academia must work more closely 

together to facilitate the seamless 

transfer of new modelling techniques 

to the pharmaceutical sector, support 

SMEs in the adoption of software, 

finance research within academia, 

and work with technology enablers 

to ensure modelling software is 

accessible. Industrial schemes should 

be led by the industry and funded 

by the government, with software 

companies acting as the intermediary, 

providing accessible tools to make 

it happen. Funding projects, such as 

the CPI initiative, is a step in the right 

direction. 

A bright future
The next phase of the industrial 

revolution will be driven by digital 

technology. If the pharmaceutical 

industry is willing to adopt new 

particulate modelling techniques, 

the benefits will be considerable. 

Particulate modelling has the 

potential to transform productivity 

within the pharmaceutical 

manufacturing industry, speeding 

up production cycles, reducing 

manufacturing costs, improving 

efficiency, and driving inward 

investment, with the potential 

to reinstate the UK as a global 

manufacturing powerhouse. 

Reference
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VIEWPOINT

Annex 1 
Misses the Mark
The revised Annex 1 on sterile manufacturing includes incorrect 

and ambiguous statements that must be fixed before implementation. 

TTTThe December 2017 revision of EudraLex, Volume 

4, EU Guidelines to Good Manufacturing Practice 

Medicinal Products for Human and Veterinary Use, 

Annex 1, Manufacture of Sterile Medicinal Products 

(1), when finalized, will be legally binding. Non-

compliance could result in regulatory action, refusal, 

or revocation of marketing authorizations and civil 

and criminal penalties. Given the revised Annex 1’s 

legal standing, it is vital that the document delineates 

appropriate regulatory expectations and accepts 

contemporary manufacturing and control procedures 

and practices.

The European Medicines Agency (EMA) has put 

forward Annex 1 for comment, but the document 

is so badly written that understanding it, much 

less commenting on it, is far more difficult than it 

should be. As it stands, this version of Annex 1 will 

inevitably generate thousands of comments that will 

be difficult for EMA to reconcile within the framework 

of the current document. Preliminary review of 

the document indicates that it is poorly worded, 

ambiguous, and technically incorrect in many areas. 

The following comments represent a fraction of those 

identified during our review. They are categorized by 

general areas of concern.

Inconsistent use of 
and undefined terminology
There are many instances where inconsistent use of 

terms or wording results in ambiguity and the inability 

to determine or demonstrate compliance, such as 

listed in the following:

•  The terms “medicines” and “medicinal products” 

are used interchangeably and neither is defined.

•  Line 188 instructs that “All personnel . . . in such 

areas should receive regular training,” but it is 

unclear to which areas this refers.

•  Line 207 mentions a “continuous monitoring 

programme for personnel” without explaining what 

this is, or how continuous personnel monitoring is 

feasible, useful, or even safe.

•  Line 230 instructs that “Staff who have been 

engaged in the processing of human or animal 

tissue materials” should not enter “sterile product 

areas,” but none of these terms are defined.

•  “Grade A/B” used throughout the document is 

undefined.

•  At line 861, “time between the start of the 

preparation of a solution and its sterilization,” the 

word “solution” does not reflect the full range of 

medicinal products that should be subject to pre-

sterilization time limits.

Incorrect application of technology
The use and application of airlocks, barrier systems, 

isolation technology, and environmental and 

personnel monitoring systems are incorrectly 

described or applied, such as:

•  Airlocks and pass-throughs vary in sophistication 

and design, but the document limits flexibility 

and informs at line 365 that “the final stage of the 

airlock should . . . be the same grade as the area 

into which it leads,” which is inappropriate for exit 

airlocks.

•  Barrier technologies, other than true closed 

restricted-access barrier systems (RABS), are 

substantially less capable than isolators, yet 

the document considers them near equal in 

performance.

•  Monitoring of large particles (≥ 5 μm) lacks accuracy 

and is inherently less sensitive than monitoring 

of smaller particles. Also, the prevalence of such 

particles in grade A/B areas is too low to make 

sampling for them statistically useful. And there is no 

evidence particles of this size range predict microbial 

risk. EMA should harmonize with International 

Organization for Standardization (ISO) 14644.

•  Personnel monitoring should never be performed 

in grade A as instructed at line 205. Such 

monitoring increases the biological load in critical 

environments with no product safety benefit.

Technical process errors
The following technical errors dot the pages of the 

document:

•  At line 1251, a liquid product is to be “terminally 

sterilized by a microbiocidal process” instead of 

“terminally sterilized.”

http://PharmTech.com/
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•  The use of traps for back flow 

prevention is specified at line 358, 

even though “traps” do not prevent 

back flow.

•  At line 351, “Materials liable to 

generate fibres should not be 

permitted in clean areas,” which 

would eliminate gowned personnel, 

who, studies have shown, 

continuously shed particles and 

fibres.

•  At line 839, the document instructs 

“The transfer of partially closed 

containers to a lyophilizer, should 

be done under grade A conditions 

(e.g., HEPA filtered positive 

pressure) at all times . . .” which 

is contradictory because grade A 

requires unidirectional airflow.

Application of risk analysis 
There is a misdirected focus 

toward factors that do not increase 

patient safety or relate to the 

safety, identity, strength, quality, 

or purity of a drug product beyond 

the official or other established 

requirement:

• The document incorrectly applies 

risk analysis (e.g., line 1331, 

integrity testing of a sterilized 

filter assembly before use [pre-use 

post-sterilization integrity testing, 

PUPSIT] and on-line integrity testing 

immediately after use).  PUPSIT 

adds risk by potentially requiring 

manipulations downstream of 

sterilized filters.

• Routine and intervention-related 

monitoring of personnel in grade 

A adds activity and increases 

contamination risk, line 205.

• At line 883, “Containers closed by 

fusion, e.g., Form-Fill-Seal Small 

Volume Parenteral (SVP) & Large 

Volume Parenteral (LVP) bags, glass 

or plastic ampoules, should be 

subject to 100% integrity testing.”  

This is akin to testing quality 

into the product as opposed to 

validating the sealing process and 

running confirmatory process 

checks.  Annex 1 references 

quality by design, statistical 

process control, and process 

validation approaches and then 

undercuts the asserted value of 

these well-recognized quality 

management tools with a poorly 

considered focus on end-product 

testing.  

Unusual concept of sterile 
product manufacture
The document presents a view 

of sterile product manufacture 

inconsistent with that developed 

elsewhere, as codified in regulations, 

international standards, and 

pharmaceutical compendia, such as:

•  US and Japanese guidance on 

sterile product manufacturing differ 

markedly from what is presented.

•  The cleanroom content in the 

draft does not conform to ISO 

14644 and perpetuates the 

myths that cleanrooms can be 

classified microbiologically and 

that microbiological testing can 

enhance sterility assurance.

•  United States Pharmacopeia 

(USP) chapters <1211>, <1228>, 

and <1229> provide more 

contemporary and appropriate 

guidance for sterile product 

preparation (2–4).

•  There are also conflicts with 

current EMA guidance (e.g., the 

water for injections Q&A paper and 

Guidelines on Good Manufacturing 

Practice Specific to Advanced 

Therapy Medicinal Products).

Conclusion
EMA should withdraw this draft of 

Annex 1. It should be significantly 

revised to include more contemporary 

and global content on sterile product 

manufacture and control and reissued 

for comment once its many faults have 

been corrected.

The cited examples represent only 

a fraction of the more than 130 issues 

we identified in the document and 

we plan to submit a comprehensive 

response to EMA by the comment 

deadline of 20 March 2018 in the event 

that the draft is not withdrawn.

References
1.  European Commission, EudraLex, 

Volume 4, EU Guidelines to Good 

Manufacturing Practice Medicinal 

Products for Human and Veterinary 

Use, Annex 1, Manufacture of Sterile 
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The number of advanced therapy medicinal products

(ATMP) on the market in Europe is, as in the rest of the

developed world, fewer than expected despite the large

number of academic projects, start-ups, and small- and 

medium-sized enterprises (SMEs) involved in their develop-

ment. The low level of commercialization of the advanced 

medicines covering gene and cell therapies and tissue-engi-

neered products has been attributed to a variety of factors 

such as the complexity of the technologies, high develop-

ment costs, low investment returns, and difficulties with 

manufacturing processes.

Regulatory issues have also become a major barrier in 

Europe with the European Union struggling to keep up with

the relatively fast changes in technologies and manufacturing 

and supply-chain procedures. Also, there are still significant 

inconsistencies between the regulatory objectives of 

individual countries and, at the EU level, of the European 

Commission, the EU executive, and the European Medicines 

Agency (EMA), which is responsible for the marketing 

authorization of ATMPs.

Guidelines on ATMPs delayed

These regulatory problems were the main focus of a regula-

tory affairs conference in London in December 2017 organized 

by European Biopharmaceutical Enterprises (EBE), part of the

research-orientated European Federation of Pharmaceutical 

Industries and Associations (EFPIA). The meeting took place 

approximately six weeks after the European Commission and 

EMA published a joint action plan (1) to “improve the regula-

tory environment for ATMPs” and two weeks after the issuing

of the long-awaited EU guidelines (2) on GMP specific to the

products. The lack of GMP rules on ATMPs, a requirement

first laid down in a 2007 EU regulation on advanced therapy 

products (3), has been a big gap in the regulations on the 

medicines. But the completion of the guidelines has been

taking up a lot of resources.

“We have had to put a tremendous amount of effort 

into the GMP guidelines,” Ilona Reischl, vice-chair of the 

EMA’s Committee for Advanced Therapies (CAT) told the 

meeting. “There is a limited number of people doing this 

work [on regulations], which poses its own challenges.” She

was explaining to the meeting the reasons for delays in the 

development of a guideline on investigational ATMPs, in 

which quality matters will figure prominently. The guideline 

was due to be finalized in the second quarter of 2017 after an

external consultation. “In addition to being kept busy with the 

GMP guideline, we’ve also been very busy with a guideline on

genetically modified cells [while] we’ve also had to deal with

guidance on the comparability of ATMP products,” she said.

Under CAT’s workplan for this year, the committee will be

discussing with ATMP developers areas in which they want 

greater regulatory clarity with the aim of publishing a draft

investigational guideline for external consultation in the

fourth quarter of 2018. The guideline is then scheduled for

finalization in the third quarter of 2019—more than two years

later than planned. When drawing up regulations, European

regulators are being handicapped by a lack of data on the

technologies, manufacturing processes, and the supply-chain

needs of ATMPs because of the relatively low number that

have been successfully marketed.

“We don’t have many ATMP approved products,” noted

Dr Enrica Alteri, head of EMA’s human medicines evaluation

division at the EBE conference. “We can learn a lot from them 

and we have made a lot of progress. But we still have a lot of 

questions to be answered.”

Out of 500 clinical trials using ATMP products in 2009–2017, 

nine have been approved, of which only five are still on the

market with three being withdrawn and one suspended,

according to Ana Hidalgo-Simon, EMA’s head of specialized 

scientific disciplines. There are, however, signs of rising

development activities in new advanced therapy medicines 

with an increase in companies seeking scientific advice in the 

area in 2012–2016. Between a quarter and a third of users 

of EMA’s PRIME [PRIority MEdicines] support scheme for 

developers of medicines for unmet medical needs are now 

involved in ATMP innovations, Hidalgo-Simon highlighted at

the EBE conference.

Difficulties with regulations figured prominently in the

first results announced at the conference of a study on the

development of ATMPs being carried out by Netherlands’ 

Utrecht University with an EFPIA grant (4). The study includes

a survey of more than 100 ATMP innovators in Europe or 38% 

of identified advanced therapy medicine developers, two 

thirds of whom were SMEs.

“Of the challenges facing the survey respondents, the

most mentioned were regulatory ones,” noted Renske

ten Ham of Utrecht University’s pharmacoepidemiology 

and clinical pharmacology division at the EBE conference. 

Because of their complexities, SMEs have been falling

behind in dealing with regulatory and quality issues

relating to ATMPs. “Developers who start without in-house

regulatory and quality expertise and business goals mostly 

aren’t able to catch up, especially academic spin-offs and 

SMEs,” ten Ham said.

Barriers to ATMP Drug Development 
Greater clarity and harmonization in ATMP regulations are needed 

to promote the development and commercialization of these therapies.

Sean Milmo

is a freelance writer based in Essex, 

UK, seanmilmo@btconnect.com.
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Manufacturing and supply-chain challenges

Many of the regulatory hurdles in the development and life-

cycle management of ATMPs stem from the intricacies of 

creating a robust manufacturing system and supply-chain 

infrastructure for collecting cells from patients, transferring 

them for processing, and then administering them for treat-

ment, according to speakers at the conference. The cells 

can be autologous or collected and returned to the same 

patient, or they can be allogeneic or coming from donors. 

The big task is the tailoring of regulations to deal with the 

scaling up of a procedure for autologous treatments to allo-

geneic ones for a much larger demand while ensuring that 

in the transferred substances, there are adequate levels of 

biological comparability. 

“Current [drug] manufacturing paradigms will need 

substantial innovation in all aspects—technical, regulatory, 

and quality—to supply global demand, [in which] a defined 

control strategy is vital,” explained Christina Basford, leader 

of the characterization sciences team at the cell and gene 

therapy group of GlaxoSmithKline (GSK) at the EBE conference. 

“Close collaboration between all stakeholders is needed to 

bring these transformational medicines to a wider patient 

population,” she added.

Comparability can become a huge challenge when a 

treatment, usually originating from an academic laboratory 

attached to a hospital, has to be scaled up with minimum 

inconsistencies and variabilities to multiple sites while 

maintaining a decentralized system suitable for personalized 

medicine. Critical quality attributes (CQAs)—which ensure 

that biological characteristics are within an appropriate limit 

to ensure the desired product quality—are the foundation 

of the control strategy for these ATMPs, Basford noted. But 

which parameters impact CQAs? Taking into account the 

controls in place, is testing required for the CQAs? And which 

raw materials impact CQAs, she asked.

Lack of harmonization in ATMP regulations

Basford envisaged that the technical and regulatory issues in 

cell process scale-out would revolve round quality assurance 

rules in fully automated systems, in-process analytics in 

hospital-based manufacturing, robust regulatory tracking of 

continuous process validations, and deviation management 

of raw material supplies. However, first the lack of 

harmonization across Europe has to be sorted out. Between 

regulations at the EU level and at national levels, there are 

inconsistencies on approvals of quality standards in 

genetically modified organisms, particularly in clinical trials, 

and on the activities of specialist advanced therapy hospitals.

“The absence of harmonization in certain aspects of 

advanced therapy medicines is an unnecessary hurdle to 

the development of ATMPs,” said Barbara Feischem, EBE 

executive director at the conference. “We are hoping we can 

soon make progress in the whole area of harmonization.”

Under the treaties governing the operations of the 

EU, member states are allowed to implement their own 

regulations in certain public health matters. As a result, a 

divide has opened up between the policies underpinning EU 

regulations in areas such as advanced therapies and those in 

member states. “[There is a] disconnect between European, 

high level regulations and national [regulatory] hurdles,” 

said ten Ham. “Local interpretation and execution [of 

ATMP-related rules] leads to many additional and duplicate 

information requests, delays, and increased costs. Small 

companies do not have the resources to address country 

specific requirements.”

The EU regulators with the support of the pharmaceutical 

industry want to achieve a “common understanding” among 

the member states about the needs of ATMP developers, 

according to Freischem. 

Greater consistency in national approaches to GMOs is a 

priority for the European Commission. “GMOs are a national 

competence, so it is an area in which we cannot tell countries 

what to do,” explained Rocio Salvador-Roldan, a policy officer 

at the Commission’s Directorate General For Health And 

Food Safety during the EBE conference. “We are in a dialogue 

with member states on a solution which is acceptable to all 

countries. I am optimistic of reaching a position which would 

be an improvement on what we have now.”

The biggest obstacle to greater harmonization between 

countries on ATMP is what is called the “hospital exemption 

rule.” This allows member states to exempt from EU 

regulations advanced therapy medicines that have been 

developed and produced for individual hospital patients 

even if a similar treatment from an outside commercial 

source is available. Critics of the exemption rule led by the 

pharmaceutical industry claim that it allows hospitals to flout 

EU regulations on quality and safety standards. It also offers 

a loophole to drug companies enabling them to sell advanced 

therapy medicines in hospitals without the centralized EU 

marketing authorization from EMA. 

“We need stronger guidance from the Commission 

on hospital exemption, supported by an EU integrated 

regulatory framework on the issue,” said Freischem. 

Because most of the hospitals benefiting from the exemption 

are attached to universities and other research institutes 

that account for a large proportion of the ATMPs under 

development, EU regulators will have to tread carefully when 

sorting out the hospital exemption problem. Otherwise, 

they might undermine the main source of advanced therapy 

innovation in Europe.
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Advanced analytical instruments, such as near 

infrared (NIR) and Raman spectroscopy, enable 

real-time measurements of critical quality attributes 

such as content uniformity. Content uniformity testing 

is an important asse ssment for oral solid dosage 

(OSD) forms. It ensures that a consistent dose of 

the API is maintained between batches so that the 

patient receives the correct dose. “It is one of two 

allowable tests to assess the uniformity of dosage 

units (UDU), the other being weight variance,” says 

Darren Andrews, Pharma Business Manager, Raman 

Spectroscopy, Cobalt Light Systems, part of Agilent 

Technologies. “UDU is a test of the variance of the active 

ingredient over the batch manufacturing process.” 

Ian Robertson, spectroscopy applications specialist 

at PerkinElmer, points out that content uniformity is 

particularly important where tablet splitting is used. 

“The active ingredient needs to be evenly distributed 

throughout the tablet to ensure that if the tablet is split in 

half, each half of the tablet has an equal dose,” he says.

Content uniformity testing sets a limit on the variance 

of API within each tablet or capsule. “The intention 

is to make sure that OSDs do not have an abnormally 

low or high amount of API, which may arise because 

powder is blended and processed before being tabletted 

or encapsulated,” Andrews says. “Blending will cause 

natural variations in the level of a dosage amount.” 

Causes of non-homogeneity in blending 
Blending a large amount of bulk powder such that 

each small amount has a total API content within a 

few percent of the target concentration is a significant 

challenge, observes Andrews. “A tablet is often tens or 

hundreds of milligrams in weight and is pressed from a 

small amount of a powder blend that can weigh more 

than one tonne. Although the processes that make 

the blend are designed to minimize variance, it can’t 

be eliminated completely,” he says. “The bulk material 

may change as it is transported, which can change the 

composition of the blend in the container as a function 

of powder depth. Sometimes, the beginning and end of 

a batch run can be out of specification because of this 

composition change and are, therefore, discarded.”

“The aim of blending is to produce a homogenous 

blend of a sample that accurately represents the 

ratios of the components within it,” Robertson 

underlines. “Proper blending is essential to ensure 

consistent dosage and performance of solid 

dosage forms.” He highlights that each different 

blend will require unique blending conditions.

“Non-homogeneities can be caused by many factors 

and can be related to the materials to be blended, the 

type of machinery used, and the processing parameters 

used for the blending,” Robertson explains. “The 

most common problems are insufficient blending 

time and overblending. For any given blend, under 

any given processing conditions, there will be an 

optimum blend time. With insufficient blending time, 

the materials do not have the possibility to achieve 

a homogenous mix. The obvious thought would be 

to just continue blending for a much longer time. 

However, this would greatly increase manufacturing 

costs and can also lead to overblending, which can 

cause demixing and segregation of the mixture.” 

According to Robertson, the type of blender needs 

to be appropriate for the materials being blended and 

whether it will be a batch or continuous process. He 

emphasized that the processing parameters of the 

blending process play a crucial role in avoiding non-

homogeneity. “Non-homogeneity of the blend will lead 

Adeline Siew, PhD
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Analytical Testing

to inconsistent dosage in the final 

product and could lead to product 

rejection, which will result in significant 

financial losses. Re-blending of a 

non-homogenous product is generally 

unfeasible, and the product needs to 

be scrapped.” Robertson recommends 

testing the blend during or after 

blending to prevent inhomogenous 

blends from being processed further. 

Processing variables 
Once a suitable type of blender has 

been selected, it is important that 

the formulation and processing 

variables are optimized for that 

particular blend. “The major processing 

variables are mixing time, speed 

of mixing, and powder fill volume,” 

says Robertson. “Each of these 

parameters will, individually, have an 

effect on the blending efficiency.”

“In rotational blenders, the mixing 

time is the product of the number of 

rotations and the speed of rotation 

of the blender,” Robertson explains. 

“The speed of mixing (or speed of 

rotation) will affect the quality of the 

blend. For free-flowing materials, 

the speed can be quite high and the 

materials will efficiently mix. However, 

for cohesive materials, the speed 

needs to be considerably slower to 

allow the ingredients to mix well.” 

He notes that it is also important 

to determine the optimum powder 

fill volume within the blender. “Too 

large a fill will prevent mixing during 

the blending process,” he says. 

Robertson stresses that during the 

blending process, it is necessary to 

determine the blend homogeneity to 

determine completeness of blending. 

“This has traditionally required a 

sampling strategy to determine where 

and how often samples are taken for 

measurement,” he says. “Sampling 

was primarily performed using 

sample thieves, which have their own 

shortcomings.” Thief sampling is not 

instantaneous, produces little data, and 

has many sources of error and bias. 

Sampling strategies
Guidance such as United States 

Pharmacopeia (USP) <905> (1), 

European Pharmocopoeia (PhEur) 2.9.40 

(2), and other pharmacopeia chapters 

have set out the requirements for UDU 

by content uniformity testing. Generally, 

only 10 tablets from a batch have to 

be tested, Andrews notes. “These 

samples are assayed individually and a 

calculation using the individual values 

is made to find an acceptance value,” 

he says. “This method spreads the 

allowed variance over the test samples, 

and depending on the variance of the 

samples, an individual may have >10% 

deviation from the nominal value and 

the batch could still pass the test.”

According to Andrews, using 10 

samples to describe the batch variance 

is a limited number to assess the 

UDU of a large batch. He explains 

that if the test fails with n=10, taking 

an additional 20 samples to make 

n=30 is allowed, and the content 

uniformity test may pass as a result. 

“Taking more samples from across the 

batch routinely would give greater 

confidence in the batch process,” he 

says. “Some regulators are expanding 

the options for testing a larger 

number of samples, which becomes 

more feasible using spectroscopic 

technologies. PhEur 2.9.47 (3), for 

example, provides options for testing 

100–10,000 individual samples.

Robertson points out that the biggest 

challenge in content uniformity testing 

for solid dosage forms is the sampling 

strategy, “namely, how do you ensure 

you are getting representative samples 

that reflect the whole batch?” They 

note that the results from USP <905> 

lack confidence because the method 

does not use a statistical sampling 

plan, and therefore, provides limited 

assurance that the batch meets 

specifications and quality control 

criteria. In fact, the US Food and Drug 

Administration (FDA) no longer supports 

the use of USP <905> for product 

release testing. FDA also withdrew, in 

August 2013, its guidance document, 

Powder Blends and Finished Dosage 

Units—Stratified In-Process Dosage Unit 

Sampling and Assessment (4), because 

it no longer reflected the views of the 

agency (5). In response, a group of 

individuals from industry, academia, 

and FDA formed the Blend and Content 

Uniformity (BUCU) team, within the 

International Society for Pharmaceutical 

Engineering (ISPE) organization, to 

come up with alternative approaches 

and best practices for assessing blend 

and content uniformity. The team 

has developed modifications to the 

withdrawn FDA draft stratified sampling 

guidance and proposed sampling plans 

based on the application of two ASTM 

methods: E2709 (6) and E2810 (7). The 

US Pharmacopeial Convention has 

invited the BUCU team to advise on the 

preparation of the new chapter USP 

<1905> on sampling considerations for 

batch release (8). ISPE has launched a 

section on its website to make available 

to the industry the BUCU team’s output. 

For OSDs, there needs to be 

a suitable sampling strategy for 

content uniformity testing, Robertson 

highlights. “The most common 

sampling plans suggested by the BUCU 

team are: simple random sampling, 

stratified sampling (partitioning the 

batch into sections, then sampling 

from each section), and systematic 

sampling (at regular intervals 

throughout the batch),” he says.

Content uniformity analysis
The most common method for 

assessing content uniformity in 

OSDs is high-performance liquid 

chromatography (HPLC), observes 

Andrews. “HPLC has the advantages 

of flexibility, sensitivity, and ubiquity, 

and many analytical chemists are 

trained to use HPLC methods,” he 

says. “The disadvantages, however, 

are the time and resources 

needed to prepare samples.”

“In blending operations, the sample 

is removed using a sample thief and 

analyzed by HPLC using a calibration 

curve for the active ingredient(s),” 

says Robertson. He explains that the 

method involves dissolving the tablet 

in a suitable solvent and analyzing the 

amount by HPLC against a calibration. 

Although accurate and repeatable, 

the disadvantages with HPLC are that 

measurements are offline, samples 

have to be removed from the blending 

process, it is destructive for tablets, 

and analysis can take several minutes 

per sample, Robertson highlights. 

Ultraviolet/visible (UV/Vis) 

spectrophotometry is another 

technique that can be used as an assay 

for content uniformity measurements. 

“The absorption at a known, given 

wavelength for a material will be 

directly related to the concentration 

of the material present,” Robertson 

says. “Using this correlation requires 

the material being analyzed to have a 

suitable absorption within this spectral 

range and for the other materials 

present not to have interfering 
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The power of synchrotron x-ray powder diffraction for the characterization of pharmaceuticals

X-ray powder diffraction (XRPD) is a powerful technique that exploits the interac-

tion between x-rays and matter to study the structural and microstructural proper-

ties of materials. Its power lies in the direct and unique relationship between the 

powder diffraction pattern of a given substance and its structural order and/or dis-

order. The position and relative intensity of the peaks in a powder diffraction pat-

tern (i.e., the Bragg peaks) reflect the chemical composition and the arrangement 

in space of the atoms of the substance under investigation. In powder mixtures, 

XRPD can determine the percentage in weight of the components. Furthermore, 

the width and shape of the diffraction peaks unveil further information on the 

substance microstructure, such as the domain size and shape, strain, and defects. In 

the field of pharmaceutical powders, XRPD is considered the gold standard method 

for the identification and quantification of solid forms (i.e., polymorphs, solvates, 

hydrates, salts, co-crystals, amorphous forms) (1). It is, however, the quality of an 

XRPD pattern that defines the accuracy and reliability of the technique, and there-

fore, the wealth of information that can eventually be extracted (2). 

Synchrotron x-ray powder diffraction (synchrotron-XRPD), which uses a 

synchrotron x-ray source, offers better data quality than laboratory XRPD for 

angular resolution, counting statistics, energy tunability, and fast acquisition 

time (3). In synchrotron-XRPD, x-rays are generated by a synchrotron facility 

and are at least five orders of magnitude more intense than the best x-ray 

laboratory source. The photon wavelength can, furthermore, be continuously 

tuned over a wide range of values, allowing one, for example, to hit or avoid 

specific absorption edges, or to tailor the absorption by the sample under in-

vestigation. When combining synchrotron-XRPD with the new generation of 

solid-state, ultra-fast, efficient detectors (4) and unconventional optics set-ups, 

level of detections (LOD) of the order of 0.01% weight can be obtained even 

when only micrograms of polycrystalline pharmaceutical powder are available. 

Figure 1 shows the LOD improvement from 0.1% down to 0.01% in weight in 

an ad-hoc pharmaceutical mixture when the synchrotron optics is fine-tuned. 

Furthermore, efficient data collection with acquisition times ranging from mil-

liseconds to a few minutes allows one to control the radiation damage of or-

ganic compounds and/or perform kinetic studies of structural changes during 

chemical reactions or under temperature and pressure variations (3). 

When dealing with pharmaceutical organic powders, there are two major 

challenges related to their structural analyses. Firstly, these powders are made 

up of low-Z elements that are intrinsically poorer scatterers than inorganic 

high-Z materials, therefore, requiring substantially longer acquisition times for 

sufficient signal-to-noise ratios. Secondly, pharmaceutical organic powders are 

very sensitive to radiation damage, which is dose dependent. Counting longer 

is thus often not a workable solution to improve the signal-to-noise ratio. 

Before the advent of the efficient detection systems, the use of synchrotron-

XRPD for the study of pharmaceuticals was often hampered by radiation dam-

age (4). Today, however, synchrotron-XRPD is a powerful tool to support research, 

development, manufacturing, and lifecycle management activities for bio/phar-

maceuticals. APIs can exist in different crystalline forms (polymorphs), solvates/

hydrated forms (pseudo-polymorphs), and amorphous forms. These different 

forms can have a profound effect on the quality or performance (e.g., solubility, 

bioavailability, efficacy, safety) of the drug products (5). For example, therapeutic 

failure has been attributed to uncontrolled hydrate formation in tablets during 

storage. For this reason, it is a regulatory requirement to conduct a detailed analy-

sis of the polymorphism of the drug substance and drug product during develop-

ment, which includes screening, characterization, property determination, and 

setting of acceptance criteria for the different forms. 

Synchrotron-XRPD can be a key support analytical tool for: 

• Structural solution of a new solid form 

• Development of formulation and screening 

of excipients, including co-crystals 

• Characterization and accurate quantification of 

polymorphic forms in drug substances and prod-

ucts, including in fully opaque blisters

• Detection and quantification of impurities down to trace levels

• Optimization of manufacturing processes, in particular 

crystallization, formulation, drying, lyophilization, wet 

granulation, tabletting, and packaging operations. 

• In-situ non-ambient kinetic studies at millisecond scale 

• Stability studies of polymorphic forms 

• Troubleshooting activities and investiga-

tions during commercial manufacturing 

• Patent application for new materials and patent-life extension 

• Detection of counterfeits even with minute differences.

Synchrotron-XRPD data quality is useful for both qualitative and quantitative 

analyses at trace levels in complex mixtures of APIs as well as finished prod-

ucts. Accurate and precise quantification of traces of APIs in formulated drugs 

remains, however, a challenge that requires the control of both the instrumental 

background and the signal from excipients. The direct detection of API traces in 

synchrotron-XRPD patterns is instrumental to the success of quantification in 

formulated drugs as the quality of the quantitative refinements can be validated 

by qualitative and semi-quantitative direct inspection of experimental data.
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Figure 1. Synchrotron x-ray powder diffraction 
patterns recorded on pharmaceutical binary 
mixtures of similar elemental composition ranging 
from 0.01% to 1% weight of minority phase. By 
carefully fine-tuning the synchrotron optics, the 
smallest signal directly detectable drops down to 
0.01% weight. LOD is level of detection.
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absorptions, although spectral overlap 

can generally be accounted for by 

spectral deconvolution or appropriate 

curve-fitting quantitative methods.” 

He, however, points out that like 

HPLC, UV/Vis spectrophotometry is 

an offline and destructive method.

Near infrared
Over the past decade, there has 

been an increasing emphasis on 

quality by design (QbD) and the use 

of process analytical technology 

(PAT) to monitor and control 

pharmaceutical manufacturing 

processes. “FDA encourages the 

use of new technologies and PAT 

techniques, such as NIR spectroscopy, 

for content uniformity analysis,” says 

Robertson. “NIR spectroscopy can be 

used throughout the manufacturing 

process in online, at-line, and offline 

modes of operation.” He explains 

that one such application involves 

the online monitoring of the blending 

process with small NIR instrumentation 

fitted directly onto the blender, or 

NIR instrumentation connected 

to the blender using fiber optics 

probes. “This set-up allows for real-

time measurement of the blending 

process without the requirement to 

remove samples for measurement, 

which is a significant advantage over 

other techniques, such as HPLC,” 

Robertson says. He adds that NIR 

spectroscopy can also be applied 

to the measurement of content 

uniformity of solid dosage tablets. “The 

measurement can be performed non-

destructively directly on the tablet 

using reflectance or transmission 

after suitable quantitative calibrations, 

typically against reference values from 

HPLC measurements,” he says. “No 

sample preparation is required, and 

the measurement does not require 

solvents or other hazardous chemicals.” 

Raman spectroscopy 
As is the case for NIR, Raman 

instrumentation enables non-

destructive, online measurements 

of the pharmaceutical process, 

including blending and content 

uniformity measurements of tablets. 

“Raman spectroscopy can be used 

as a PAT tool for content uniformity 

applications,” says Karen Esmonde-

White, senior marcom specialist at 

Kaiser Optical Systems. “The sampling 

flexibility of Raman lends itself to an 

offline measurement using a Raman 

microscope or sampling compartment 

and an in-process measurement using 

sampling probes.” She points out that 

in-process Raman measurements 

are beneficial because they provide 

real-time process understanding 

without needing to collect samples 

for offline measurements. 

“The real-time process understanding 

provided by Raman enables 

in-process corrections, improves 

efficiency, ensures quality, and 

can form the basis of automated 

feedback control,” Esmonde-White 

explains. “The specificity of Raman 

spectra, sampling flexibility, and 

compatibility with aqueous media are 

advantages over other spectroscopic 

techniques. Raman spectroscopy 

allows quantification of the API within 

the excipient matrix, and customers 

have reported API quantification 

to sub % levels using Raman.”

Robertson concurs that Raman 

has the advantage of being extremely 

specific in terms of the spectral 

profiles of different materials present 

in formulations, whereas NIR spectra 

typically contain significant spectral 

overlap of the ingredients. He highlights 

that Raman, however, does have 

the disadvantage of being a weak 

scattering technique and is not suitable 

in cases where the samples fluoresce. 

According to Robertson, a limitation 

of Raman spectroscopy for content 

uniformity measurements has been 

the limited spot size of the laser, with 

only a small fraction of the complete 

tablet being analyzed. “However, 

recent advances using raster scanning 

of the laser allow the entire tablet 

to be sampled,” he say. “Further 

advances have been achieved using 

Transmission Raman Spectroscopy 

(TRS), in which the Raman signal 

transmitted through the whole 

tablet is measured, thus measuring 

a much larger sample volume.”

Transmission Raman 
spectroscopy
TRS is an alternative spectroscopic 

technique to quantify ingredients in a 

dosage form that has been available for 

approximately eight years, according to 

Andrews. “It is fast and flexible and can 

analyze hundreds of samples per hour,” 

he says. “TRS works with a wide variety 

of tablets and capsules and is suitable 

for high-volume testing, with significant 

impact on resource savings.” 

“It is Raman spectroscopy and so 

is complementary to infrared (IR) 

spectroscopy; both have information-

rich spectra,” Andrews explains. He 

adds that by testing intact tablets, 

the solid-state form (e.g., polymorph 

type) can also be quantified. 

TRS is not an absorption technique, 

Andrews points out, hence, it is less 

sensitive to sample thickness than 

NIR. “A single measurement contains 

the data needed for analysis, allowing 

multiple APIs, excipient concentrations, 

and more to be determined with no 

additional effort.” TRS is currently 

used to release tablets and capsules 

with regulatory-approved tests 

for content uniformity, assay, and 

drug product identification.

Conclusion
Having in place control procedures to 

monitor the blending process is key 

to ensuring consistent and efficient 

production of OSDs. PAT tools, such as 

NIR and Raman, provide an alternative 

to sample thieves by enabling online 

analysis of content uniformity. 
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Impurities can have a negative impact on the stability, safety, and 

efficacy of protein therapeutics. “Aggregates are of particular concern, 

either in soluble dimer/oligomer form or subvisible particle form,” notes 

Jay Kang, director of analytical and formulation development at Patheon, 

part of Thermo Fisher Scientific. “It is well documented that even a 

small amount of aggregates can cause a significant and sometimes life-

threatening immunogenic reaction.” 

“Impurities may interact with the therapeutic protein in a way that 

blocks and/or compromises the activity and potency of the therapeutic 

protein in vivo, hence, reducing its efficacy,” explain Michael Sadick, 

principal scientist, Catalent Biologics Analytical Services, and Michael 

Merges, director of strategic growth, Catalent Biologics. “On the other 

hand, the impurity may exaggerate or enhance the therapeutic protein’s 

bioactivity in an uncontrolled way, leading to adverse events. Some 

impurities (especially host cell proteins) may add an immune-stimulating 

or adjuvant behaviour to the therapeutic, causing the patient to generate 

antibodies or cell-mediated immunity against the protein.”

“Host cell proteins co-extracted with the therapeutic protein can 

contain enzymes such as oxidases and lipases that will break down 

the protein over time, affecting the stability of the product,” adds 

Niall Dinwoodie, Edinburgh biologics site lead at Charles River Labs 

(CRL). “Other host cell proteins and binding agents carried over from 

purification columns may mimic the action of the therapeutic protein 

in assays, leading to mis-formulation of the product outside the 

therapeutic window.”

According to Dinwoodie, some impurities have less insidious effects, 

but can still render the therapeutic unacceptable. “For example, trace 

levels of rapidly oxidized materials cause significant colour change,” he 

says. “Historically, contamination with trace amounts of metals was a 

problem leading to aggregation of therapeutic proteins, which can cause 

significant changes in efficacy, but understanding of the phenomena has 

led to improved, metal-free production processes.” 

In general, impurities come from two major sources, observes 

Bérangère Tissot, general manager, SGS Life Sciences, West Chester, 

Pennsylvania—product-related impurities and process-related 

Adeline Siew, PhD

impurities. “Product-related impurities 

can be categorized as product 

variants, and basically correspond 

to any undesired modification of 

the protein amino-acid sequence or 

post-translational modifications,” 

she highlights. “Variants also include 

forms of the therapeutic proteins in 

solution that are different from the 

intended drug product (i.e., different 

conformation or aggregation state). 

They can also be identified as a 

sub-form of the therapeutic protein, 

possessing a biological activity either 

higher or lower than the one of the 

drug product.”

The second type of impurities are 

mostly related to the production 

processes, says Tissot. Dinwoodie 

adds that the materials used in 

the production process to support 

cell growth, extract, and purify the 

therapeutic protein must be removed 

from the final dosage form. “Residual 

amounts of these materials can be 

carried through the production process 

to become impurities in the final form,” 

he points out. “Examples include 

growth selection agents, surfactants, 

purification column binding agents, 

and viral inactivation agents.” 

“The use of cells and growth 

media in the production process 

also presents risks of adventitious 

agents, such as viruses, entering the 

production system,” says Dinwoodie. 

“Whilst removal or inactivation of 

these agents is considered under the 

production process validation as a 

safety issue rather than tested in the 

final product as a quality concern, 

these agents can also be considered 

impurities in the product. 

Process- and product-related 

impurities should be carefully 

monitored and controlled in the 

production of therapeutic proteins. In 

this roundtable discussion, industry 

experts share insights on the various 

methods used for purity and impurity 

analysis of therapeutic proteins. 

PTE: What is the right approach to 

method development and validation 

for therapeutic proteins?

Kang (Patheon): Two concepts 

are key to approaching method 

development and validation for 

therapeutic proteins: ‘fit-for-purpose’ 

and ‘phase appropriate.’ A ‘fit-for-

purpose’ strategy means a method 

should be suitable for its intended 
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use and phase of development. The 

requirement to establish an analytical 

method depends on whether it is for 

an identity test, content test, or purity/

impurity test; whether it is for release, 

in-process testing, or characterization. 

For example, the only requirement 

for an identity test is specificity, 

while specificity, linearity, range, 

precision, robustness, and sensitivity 

are mandatory for the purity test. 

Determining whether the method is 

for early-phase development or for 

biological license application (BLA) 

filing is also crucial because it will 

dictate the size and thoroughness of 

the validation data package.

Sadick and Merges (Catalent): 

The underpinning to this response 

is the knowledge that each protein 

therapeutic is quite different from any 

other protein therapeutic, whether in 

terms of its final tertiary or quaternary 

folding, biological activity, or purity 

profile. This is true even when 

considering different monoclonal 

antibody therapeutics. Consequently, 

while similar strategies may be used 

for different protein therapeutics, 

true ‘toolbox’ approaches/platforms 

may not be completely successful. 

In the strategies for assay or method 

development and optimization, we 

consider a combination of ‘one factor 

at a time’ (OFAT) to define individual 

factors, at least initially, and ‘design 

of experimentation’ (DOE) to look at 

multiple and interacting factors. The 

use of fractional factorial DOE as soon 

as is practical allows for a more rapid 

and robust method development.

Validation would be accomplished 

in a phase-appropriate manner. The 

guideline for all phase-appropriate 

levels would be the International 

Council for Harmonization (ICH) Q2 

(R1) (1), although different technical 

platforms (e.g., enzyme-linked 

immunosorbent assay [ELISA] or 

bioassay potency tests) may have 

specific levels of adherence to the 

ICH guidelines, in addition to other 

guidelines, for example United States 

Pharmacopeia General Chapters 

<1033> and <1034> (2, 3). Validation 

for an investigational new drug or at 

Phase I level would have the more 

basic requirements, with fewer tests 

to be executed, a smaller number of 

repetitions, and wider acceptance 

criteria. Late-phase (Phase III/BLA-

enabling) validation will include all 

appropriate test categories, as well as 

robustness, with an increased number 

of sample repetitions along with more 

stringent acceptance criteria. The 

establishment of appropriate validation 

acceptance criteria should be based 

upon data-driven decision. Those data 

are best generated via a prevalidation 

exercise conducted prior to the 

drafting of each phase-appropriate 

validation protocol.

Tissot (SGS): This is not 

straightforward, as validation 

approaches will depend on the nature 

of the method, its intended use, the 

development stage of the product, 

and the type of therapeutic proteins. 

In all cases, the method should be 

evaluated, prior to its validation, 

through a risk management process 

that will dictate which parameters to 

validate, which acceptance criteria 
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to aim at, and all other necessary 

components of a validation study. 

These considerations include nature 

and number of replicates for each of 

the parameters, robustness conditions, 

and intermediate precision details 

among others.

Dinwoodie (CRL): The extent 

of development needed for a new 

analytical method will depend on 

the purpose of the method and 

the body of knowledge available 

on the product to which it will be 

applied. Physicochemical methods 

can be largely based on compendial 

procedures and require little 

development, and parameters for 

platform techniques such as size-

exclusion high-performance liquid 

chromatography (SE–HPLC) can be 

established from an understanding of 

the protein’s molecular weight. 

Binding or potency assays, 

however, require the selection of 

suitable antibodies or modification of 

detector cell lines. Non-therapeutic 

host cell proteins can also present 

a considerable challenge to method 

development in ensuring that the 

polyclonal sera used provides full 

coverage of the range of proteins that 

may be extracted from the production 

cell line. 

Method development also must 

consider the robustness of the 

approach and ensure that reagents and 

consumable items, such as columns, 

are readily available and consistent in 

the results they generate. Validation of 

the method will then serve to confirm 

the robustness of these elements and 

assess the variability introduced by 

different analysts and equipment. 

Both the number of replicates run 

for the determination of repeatability 

and intermediate precision, and the 

number of batches of the product 

tested in each run are affected by the 

product’s stage of development. They 

also must be defendable in covering all 

possible options for how the method 

will be used in the future. Other 

aspects of method validation are more 

easily derived from the guidance given 

in ICH Q2 (R1). 

PTE: What are the commonly used 

analytical methods for characterizing 

therapeutic proteins?

Tissot (SGS): The main document 

used by anyone characterizing a 

therapeutic protein remains the 

ICH Q6B guidelines (4). Now these 

guidelines are a little outdated, mainly 

with regards to biophysical methods 

but they still remain a good basis 

for the design of a characterization 

method panel. There are many ways 

to address some of the key elements 

that need to be evaluated during a 

characterization study, but some of the 

most commonly used are listed in the 

following: 

Physicochemical characterization:

• Liquid chromatography–tandem 

mass spectrometry (LC–MS/MS) 

following digestion for primary 

amino-acid sequencing, which 

could be completed by N-terminal 

sequencing using Edman 

degradation. The same type of 

methodology can be applied to the 

evaluation of the most common 

post-translational modifications 

• Liquid chromatography–mass 

spectrometry (LC–MS) or 

electrospray ionization–mass 

spectrometry (ESI–MS) for intact 

molecular weight when the 

therapeutic protein does not present 

any major challenge for ionization 

(such as heavily glycosylated 

proteins)

• Amino-acid analysis and extinction 

coefficient estimation

• A combination of matrix-assisted 

laser desorption ionization–time of 

flight mass spectrometry (MALDI–

TOF MS), LC–MS, and other liquid 

chromatography with ultraviolet 

detection (LC–UV) or high-pressure 

anion exchange chromatography 

coupled to pulsed amperometric 

detection (HPAEC-PAD) methods 

for the quantitative and qualitative 

analyses of N- and O-glycosylation

• Liquid chromatography or 

electrophoresis methodologies to 

evaluate product heterogeneity 

(charge variants, size variants, 

hydrophobicity variants etc.)

• Circular dichroism (CD), Fourier 

transform infrared spectroscopy 

(FTIR), intrinsic/extrinsic 

fluorescence for the analyses of 

secondary and tertiary structures

• Sedimentation velocity analytical 

ultracentrifugation (SV–AUC), size 

exclusion chromatography coupled 

to multi angle light scattering (SEC–

MALS) or dynamic light scattering 

(DLS) for the analysis of quaternary 

structures

Activity characterization:

• ELISA-based bioassays

• Cell-based bioassays

• Surface plasmon resonance (SPR) 

or bilayer interferometry (BLI) for 

binding activity

Then we have to consider what are 

now called the emerging techniques, 

at least for their application to complex 

biologics in an industry context, which 

in a couple of years will become as 

common as the techniques previously 

listed. These techniques include:

• Hydrogen-deuterium exchange–

mass spectrometry (HDX–MS), ion 

mobility-mass spectrometry, and 

nuclear magnetic resonance (NMR)

• Native mass spectrometry

Sadick and Merges (Catalent): As 

protein therapeutics commonly have 

complex structures and are generally 

produced and/or modified by the host 

cell in several functional variations, 

analyses of these molecules require 

an orthogonal approach with multiple 

analytic modalities.

Process-related variants can 

be identified, quantified, and 

differentiated from process-

related impurities of cellular origin 

via techniques such as SEC–

HPLC, hydrophobic interaction 

chromatography (HIC), ion-exchange 

HPLC, and isoelectric focusing (IEF) 

capillary electrophoresis. Process-

related impurities and residuals 

such as Protein A can be detected 

and quantified with ELISA assays, 

whereas host cell residual DNA 

can be quantified via quantitative 

polymerase chain reaction (qPCR) 

assays. Functional activity of the 

protein therapeutic can be assessed 

and quantified with cell-based 

bioassays, or, in some cases, ELISA 

potency assays. Process-related 

variants and impurities may then 

be more fully identified and defined 

using mass spectrometry-dependent 

analyses. Host cell derived residual 

protein may be assessed and identified 

with a combination of ELISA assays 

(commercial assays at early phases, 

and then custom assays at later 

phase), one-dimensional and two-

dimensional Western blot analyses, 

and more recently, MS-based analyses.

Kang (Patheon): To characterize 

a protein, we need to understand its 

content, primary and higher order 

structure, potency, heterogeneity, 
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purity, and impurity. The commonly 

used analytical methods for 

characterizing these proteins include 

UV spectroscopy for concentration; 

SEC, analytical ultracentrifugation 

(AUC), and field flow fractionation 

(FFF) for aggregate measurement; 

capillary gel electrophoresis (CGE) for 

fragment measurements; capillary 

isoelectric focusing (cIEF) for charge 

heterogeneity, biochemical/cell-based 

assay for potency measurement; mass 

spectroscopy for primary structure; 

FTIR, CD, or HDX for higher order 

structure. 

PTE: How do you ensure that 

the final drug product is free from 

impurities that affect safety and 

efficacy? 

Dinwoodie (CRL): Designing the 

production process to minimize 

the materials introduced during 

manufacturing, as well as installing 

appropriate purification steps, are 

simple sounding methods for ensuring 

a final drug product is impurity free. 

In practice, additives are required for 

cell growth, non-target proteins will be 

extracted, and downstream processing 

will occur, so purification steps are 

paramount. Control of these steps 

must be demonstrated by validation 

and/or quality control checks on 

the bulk drug substance. Control of 

impurities that could arise from the fill/

finish process are then assessed for 

the final product.

Kang (Patheon): It is very 

challenging to completely remove all 

the impurities, but the industry can 

make sure that the level of impurities 

in the final drug product are at a safe 

and consistent level. A key factor to 

ensuring this is to develop a sensitive 

and robust analytical method, so all the 

impurities can be accurately measured 

and the impurity-removing capability 

of the downstream process can be 

demonstrated. For example, ELISA is 

the gold standard and work horse for 

host cell protein measurement, but 

it only measures the total HCP and 

can’t give detailed information on 

the level of each individual host cell 

protein. Mass spectroscopy can fill 

the gap, and is, therefore, an excellent 

supplemental method for host cell 

protein analysis. 

Sadick and Merges (Catalent): A 

‘pure’ protein is one that is free from 

any quantifiable amounts of impurities, 

so implementing several orthogonal 

methods together is necessary to 

assure this is the case. The complex 

structural properties of the protein, the 

nature of the potential contaminants 

(host cells, viruses, genetic variants, 

purification process), and the accuracy 

and appropriateness of any one given 

method all influence the selection 

of the methods used to perform the 

purity/impurity analysis. A subset of 

these analyses is executed during the 

purification process to assure that 

each purification step is performing 

as expected/required. The full panel 

is performed upon both the drug 

substance and the final drug product. 

In this way, effectiveness of and 

purity at each stage of processing is 

evaluated and assured.

Tissot (SGS): Having a product 

entirely free of impurities is a very 

arduous task, if achievable at all. 

For process-related impurities, 

control procedures to follow the 

clearance of some of the process-

related impurities are designed during 

the very early stage of the finalization 

of the manufacturing processes, and 

are refined as the processes are locked 

down. The use of ultra-sensitive mass 

spectrometry has been increasing in 

that very particular field, offering a 

greater ability to monitor such small 

molecule impurities at a parts per 

million to parts per billion level. Such 

methods are also commonly validated 

as either process-validation-related 

methods or even product-release 

methods.

For product-related impurities, 

the pre-IND or equivalent panel of 

assays, at the very early stage of the 

product development, includes some 

of the methods that will be further 

refined to monitor these impurities. 

Complementary chromatographic 

and electrophoretic methods using 

UV detection have been used to 

monitor therapeutic protein variants 

for decades, but these methods 

are on the verge of being replaced 

by multi-attribute methods (MAMs) 

using primarily mass spectrometry 

as a detection tool. The ability to 

not only monitor but characterize 

several of these variants or impurities 

using a single LC-MS or LC-MS/MS 

method will not only bring to this 

field more discrimination power but 

it is also expected to decrease the 

level of detection for these undesired 

components.

PTE: What are the analytical 

methods used for purity and impurity 

analysis of therapeutic proteins?

Dinwoodie (CRL): The analytical 

methods used to determine the levels 

of impurities within a therapeutic 

protein are those that have both the 

discriminatory power to separate 

the impurities and the sensitivity to 

detect and quantify low levels of the 

analytes. For impurities that are not 

closely related in structure to the 

therapeutic agent, such as surfactants, 

for example, the method can use this 

difference to maximize the sensitivity. 

Analysis of these impurities will include 

steps to remove all proteinaceous 

material to maximize the signal 

for charged aerosol detection or 

alternative measures. Sequence and 

glycosylation variants are closely 

related, or even part of the therapeutic 

protein; therefore, they require 

highly discriminatory techniques 

for their quantification. Capillary 

electrophoresis and HPLC or ultra-high-

performance liquid chromatography 

(UHPLC) are commonly applied to 

resolving these variants from the 

more common form of the protein. 

Aggregates are readily separated by 

SE–HPLC when the aggregation is 

robust. Less stressful techniques such 

as analytical ultracentrifugation may 

be required where the aggregation 

is more fragile. For non-therapeutic 

host cell proteins, cell-line specific 

ELISA are often used though mass 

spectrometry techniques can provide 

the discriminatory and quantification 

power required for these complex 

mixtures of impurities.
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In recent years, data integrity in analytical laboratories has 

become a major concern for both pharma companies and 

regulators. Common violations detailed in recent US Food and Drug 

Administration (FDA) warning letters (1–5) include incomplete or 

inaccurate data from various laboratory tests. More specifically, 

factors such as inconsistent audit trails, disconnect between 

various electronical data management systems, quality inadequacy, 

as well as human error and manipulation have led many companies 

down a path of noncompliance. The prevalence of such violations 

emphasizes the growing focus on data integrity from regulators.

Companies are now faced with the challenge of streamlining 

digitized data integrity methods in the lab by understanding 

both the level of accountability necessary from personnel who 

use these systems in addition to recent technological advances, 

according to Steve Hayward, product marketing manager at 

BIOVIA, Dassault Systèmes  (see Sidebar).

To address current lab data integrity violations and prevent 

new ones, it is important to stay up-to-date not only on regulatory 

standards, but on the latest technologies available to help companies 

meet these requirements. Below is a sampling of products to help 

maintain data integrity in the lab.

Compliant-ready LIMS
FDA’s Data Integrity and Compliance with CGMP states that it is 

unacceptable to store data electronically in temporary memory, and 

advises companies to design a laboratory information management 

system (LIMS) or an electric batch record system to automatically save 

each separate entry (6).

LabVantage 8.3 from LabVantage Solutions is the latest version 

of the company’s LIMS (7). The system features a dynamic auditing 

function to aid in the GxP-compliant management of data in 

temporary memory. The function also helps to maintain a complete 

audit trial based on a full history of analytical testing, including 

temporary and permanent data, changes between temporary and 

permanent data entries and the reason for the change, identity of 

Amber Lowry

the user entering the data, date 

and time of data entry, as well as 

electronic signatures and mandatory 

reason for changes.

Other system features include 

improved reagent integration within 

the advanced batch control module; 

additional improvements to array 

and plate handling, specifically with 

persistent auditing on reasons, 

activity, and electronic signatures; 

and better storage explorer 

capabilities to search for open and 

empty spaces for new samples.

Additionally, the company has 

expanded its inventory of Laboratory 

Execution System (LES) Worksheets, 

which can help streamline electronic 

record-keeping. In addition to the 

existing LES worksheets based on 

test methods, the new worksheets 

are available for quality control 

(QC) batch testing, instrument 

certification, and finished product 

sample testing, which can facilitate 

the review of multiple analytical 

tests on a single sample, according 

to the company.

Another applicable tool is 

LabVantage’s Chemical Viewer, 

which has been added to the 

company’s electronic laboratory 

notebook (ELN) and LES. Users 

can upload a chemical file to a 

chosen location or copy it into the 

control system. The viewer offers 

a modifiable graphic rendering of 

the chemical structure defined in 

the file. 

Informatics software update
ACD/Labs has added new updates 

to its ACD/Spectrus Platform, the 

company’s suite of informatics 

software products (8). Version 

2017.1 provides improved 

functionality to a range of 

solutions, including MetaSense, the 

company’s metabolite identification 

software. It also introduces 

Luminata, a new solution for the 

management of impurity data, 

according to ACD/Labs.

The updated software includes 

expansions and improvements for the 

The prevalence of 
inaccuracies emphasizes 
the growing focus on data 
integrity from regulators.
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This article explores lab data integrity violation 

trends, as well as a sampling of the latest 

technologies that can help avoid them.
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ACD/Spectrus, an instrument format 

support across analytical techniques. 

A new liquid chromatography/

mass spectrometry deconvolution 

algorithm for high-resolution mass 

spectrometry data also includes 

usability-improvements. Additionally, 

tools for analyzing samples by nuclear 

magnetic resonance and mass 

spectrometry have been enhanced.

According to ACD/Labs, the 

company’s metabolite identification 

software has been updated to bring 

new metabolic pathways into the 

prediction algorithm and provides easier 

navigation of data in ways that are 

better aligned to scientists’ workflows.

The new Luminata solution enables 

organizations to establish effective 

impurity control strategies through 

the assembly of analytical, chemical, 

and process information in a single 

enterprise informatics environment, 

following quality-by-design principles, 

as stated by the company.

Software supports 
regulatory compliance 
for microbiology QC labs
The latest version of Lonza’s 

MODA-EM software enables 

microbiology QC laboratories to 

comply with the latest regulatory 

guidelines (9). Version 3.3 of the 

software meets daily challenges 

faced by QC laboratories with 

additional features focusing on 

data integrity, data visibility, and 

data review, creating an improved 

workflow experience with 

enhancements in analytics and 

reporting, according to Lonza.

Including a streamlined 

application and a risk-based 

validation solution, the paperless 

software has a fully searchable 

audit trail that allows scientists 

to track changes made through a 

sample’s lifecycle and saves time 

on routine activities such as settling 

plate exposure times, organism 

identification, and master data 

management and review, according 

to a press release statement by 

Sinéad Cowman, European Union 

business development manager for 

Lonza Informatics.

Navigating data integrity in the modern lab

Understanding the role of both people and technology in the maintenance 

of data integrity in the analytical laboratory is crucial as companies move 

toward predominately electronic systems. While technology has helped 

make the preservation of data easier, it is just as important that the people 

operating these systems are aware of the relevance of each step involved 

in the process, says Steve Hayward, product marketing manager at BIOVIA, 

Dassault Systèmes. Hayward spoke with Pharmaceutical Technology Europe 

about what it takes to successfully maintain the integrity of data in the mod-

ern laboratory.

PTE: What is most important to consider for lab data integrity?

Hayward: The people in the lab and the digital solutions they use play 

an equal role to ensure data integrity. Technology helps to make it easy to 

execute, as well as to proof integration. The technology of the past decade 

has allowed for better preservation of data, from the time of capture in 

electronic format through to its analysis and use in reports. 

This digital thread of information can now be preserved throughout an 

organization, but it is critical that the people who use the technology are 

aware of why each process step is relevant, and adhere to them at all times.  

Automation is also a key factor. The best way to ensure this consistency is by 

making it easier and less time-consuming to perform each routine activity, 

while passively recording each action for regulatory compliance. This can be 

achieved by automation-enabling technology.

PTE: How can data integrity in the lab be improved by the use of 

electronic systems?

Hayward: Electronic data systems that automate data transfer allow for 

the reduction or even elimination of human intervention, and therefore, the 

reduction of errors. Audit trails will prove the integrity of the data or show 

the details of the change. This means any data alteration—voluntary or 

involuntary—will be either not possible, or any changes will be recorded so 

it will be obvious that data have been modified. 

PTE: What are the data integrity risks associated with computerized sys-

tems and how can they be diminished?

Hayward: In the modern lab, it is a fact of life that there will be multiple 

electronic informatics systems, where the landscape’s complexity has usu-

ally scaled with the size and age of the company.  Data are constantly passed 

back and forth amongst these systems, and may be transformed during 

the process.  At each step along the way, the process must be validated to 

ensure that the integrity of the data, and the digital thread of information, 

is preserved. Recently, the trend has been toward consolidation of these 

disparate systems into more comprehensive solutions, where the data are 

stored in a single, centralized system and accessed as needed, without the 

need for constant transformation and transposition. While validation is still 

necessary, this removes both the day-to-day complexity in the lab and much 

of the risk of compromised data integrity.

PTE: How can manipulation of elec tronic records be identif ied 

and prevented?

Hayward: In the lab, all data files should only be accessible through a soft-

ware system which requires secure user login, and tracks all modifications 

as part of the audit trail. A computer’s operating system-level login is not 

sufficient for this purpose.  Although many solutions exist to enforce audit 

trails, in many cases, a user must log in to multiple different systems, some-

times more than once, just to complete a single task.  With ever-increasing 

regulatory requirements, routine tasks can take longer. A goal in the modern 

digital lab is to minimize the number of systems a scientist must use for any 

given tasks, which increases efficiency, centralizes the management of audit 

trails, and minimizes the potential for data corruption or manipulation.

PTE: What can companies do to improve lab data integrity when using 

electronic systems?

Hayward: Many paper-based processes have already been eliminated from 

the lab during the first wave of digital lab solutions. However, the multitude 

of different electronic systems in place, often from many different vendors, 

means that data still must be transposed and often transformed as it moves 

from one system to the next. Each of these steps must be configured and 

validated to ensure both regulatory compliance and the preservation of the 

data’s integrity.  Where possible, systems should be consolidated to remove 

the multiple different data file types and connections between software from 

different vendors.  It is also of the utmost importance that users are appro-

priately trained on the systems, and that their qualifications kept up-to-date.
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Additionally, the software 

features improved scheduling and 

calendar capabilities for simplified 

sample management. It also 

offers web-based dashboards so 

that metrics and results can be 

accessed from anywhere with an 

Internet connection, as stated by 

the company. According to Lonza, 

scientists in QC laboratories are 

also supported with a validation 

documentation package that meets 

current industry standards and 

regulatory requirements, with 

execution and pre-validated service 

options available.

Synthetic chemistry offering 
to cloud-based R&D platform
IDBS has added a synthetic chemistry 

offering for its E-WorkBook Connect 

cloud-based platform, part of the 

company’s E-WorkBook Cloud, an 

R&D cloud platform that supports 

internal, external, and hybrid data 

management and research needs (10).

With the now-extended 

E-WorkBook Connect, organic 

chemists can share data externally 

and collaborate with partners using 

a secure work space. Additionally, 

chemists are provided with the 

ability to transfer all experimental 

data to an on-premise or hosted 

E-WorkBook environment.

While some contract research 

organizations are allowed direct 

access to a secure corporate ELN, 

others are mandated to maintain a 

local installation of the desktop ELN. 

Both approaches are an additional 

overhead that IDBS’ platform 

resolves, according to the company.

“Extending the capabilities 

of E-WorkBook Connect with 

stoichiometry, to support synthetic 

organic chemistry, addresses the 

data management challenges and 

costs associated with collaborative 

research, especially when it comes 

to communication,” said Ian Peirson, 

head of product planning at IDBS, in a 

company press release.

Automation workstation 
for clinical and regulatory 
compliance
Tecan, a provider of laboratory 

instruments and solutions in 

biopharmaceuticals, forensics, and 

clinical diagnostics, announced in 

a 25 Jan. 2018 press release that it 

will add the Fluent Gx Automation 

Workstation for clinical and 

regulated laboratories to its range of 

liquid handling solutions in 2018 (11). 

According to the company, 

the workstation solution will 

meet a host of laboratory needs, 

including clinical diagnostics, next-

generation sequencing, and nucleic 

acid purification, and provide the 

advanced process security features 

required for regulated applications 

in clinical, GXP, and QC facilities.

In addition to the liquid handling 

and workflow features available 

from related company products, 

the solution will also include a 

suite of software features needed 

to comply with rigorous regulatory 

requirements, including FDA 21 

Code of Federal Regulations (CFR) 

Part 11, as stated by the company 

(12). The Fluent Gx Assurance 

Software provides full sample 

tracking capabilities and secure 

electronic records, together with 

a LIMS interface, multi-level user 

management, and electronic 

signature options to ensure 

compliant and audit-ready operation.

The solution also includes 

software utilities to simplify system 

management. The compliance 

checker provides rapid, fully 

automated verification of the 

integrity of all executable software 

components, while the data audit 

tool performs a similar function for 

electronic records, ensuring data 

integrity, according to the company.

Upgraded analytical 
data system
Shimadzu’s upgraded LabSolutions 

analytical data system incorporates 

supplementary functions to comply 

with data integrity regulations 

and to support development and 

quality inspection procedures in 

pharmaceutical companies (13). The 

software operating environment 

provides data management to 

ensure secure information in 

networked laboratories and 

enables pharmaceutical companies 

to comply with regulations and 

guidelines.

A peak integration algorithm 

in the software can quantify 

overlapping peaks more accurately, 

the company states. The intelligent 

peak deconvolution analysis (i-PDeA 

II), which uses analyte UV spectral 

information obtained by the PDA 

detector, has been improved and 

can be used to show data traces for 

single components more accurately 

than with the conventional peak 

purity method, enabling accurate 

quantitative values, even for 

co-eluting peaks.
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Implementing Pharma 4.0 

with OSIsoft PI SystemA Q&A

T
op pharma and life sciences companies 

are quietly shifting to a more data-driven, 

continuously monitored development 

process called Pharma 4.0. In this interview, 

Petter Moree, industry principal for Pharma 

at OSIsoft, discusses the role of OSIsoft’s 

PI System in the advent of Pharma 4.0 across the life sciences 

industry. The PI System captures and orchestrates data from 

fermenters, temperature sensors, and other devices so that 

pharmaceutical organizations can increase their understanding 

of their manufacturing processes to meet quality standards, lower 

costs, increase efficiencies, and speed time to market.

Pharmaceutical Technology Europe: First, what is 
OSIsoft and what do you do?
Moree: OSIsoft has been in the data collection and digitalization 

market for more than 30 years. We are collecting data and building 

up a data infrastructure system for various industries including the 

life science and pharmaceutical markets for applications including 

quality management, regulatory compliance, operations intelligence, 

and other types of business treatment solutions. If you’ve been in a 

control room and seen these big screens showing energy consump-

tion or current production, you were probably looking at our software.

Pharmaceutical Technology Europe: How is the PI 
System used for Pharma 4.0 implementation?
Moree: The PI System is used by many leading pharmaceutical and 

biopharmaceutical companies. Our current customer list includes 

23 out of the top 25 companies. We and our customers are con-

necting the PI System to many different resources that are generating 

data—for example, supervisory control and data acquisition (SCADA) 

systems, distributed control systems (DCS), building management 

systems, laboratory information management systems (LIMS), various 

IOT devices, and process analytical technology (PAT) components. 

The data is then translated into knowledge and information.

That knowledge and information can help pharmaceutical com-

panies reduce time to market, and also understand what is affecting 

quality and how that knowledge can drive processes in a better 

way. We say that the PI System is the real-time data infrastructure 

for the industry because it connects all the different parts of a 

pharmaceutical company, the process units, the plant sites, the sites 

across their entire enterprise, and beyond. The PI System plays an 

essential and central part in Industry 4.0 and Pharma 4.0.

Pharmaceutical Technology Europe: Is Pharma 4.0 just 
about control and automation?
Moree: No. From my viewpoint, Pharma 4.0 and Industry 4.0 are 

far more than just automation. They are very much about reporting, 

quality management, energy management, and, of course, time to 

market. It’s also about regulatory compliance, and one hot topic in 

these cases is data integrity. Can we trust the data? Can we trust 

what’s in the data that has been collected and stored? There are 

many different aspects of data and how data plays an important 

part in Pharma 4.0. If you think of it, Pharma 4.0 is about replacing 

“I believe this is what’s happening” to “I know what is happening” to 

improve all of your processes.

Pharmaceutical Technology Europe: It sounds like 
companies have this data, but don’t really use it to its 
full value. Is that what’s going on?
Moree: Yes. The pharmaceutical industry is going through a 

revolution that started 15, maybe 20 years ago. Some pharma 

companies began by collecting data and using it to prove they 

were operating their processes in a good way, meaning that they 

were generating reports on every single batch or lot of material 

that they are shipping. Now, regulatory agencies are requiring or 

helping and supporting the pharmaceutical companies to become 

more data driven. So, the digitalization that is occurring in the 

industry is affecting research and development work and they are 

setting up new types of guidance and recommendations.

One example is Quality by Design, meaning that processes should 

be knowledge- and risk-based development. And that should then 

help pharmaceutical companies to have more flexibility to meet quality 

specifications. Also with increased flexibility, they can operate in a 

faster and more secure way with a lower cost. The industry is using 

data to make decisions in real time, going from being reactive to proac-

tive. And that is only based on data-driven decisions, but of course, 

underpinned by first principles, experiences, and risk management. 

We can trust the type of data and decisions we make from all the data 

that is collected, both in development and at CMOs and other partners.

Pharmaceutical companies are rapidly adapting their 

businesses to new data analytics environments.

Petter Moree 

Industry Principal  
for Life Sciences 

OSIsoft
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But we shouldn’t single pharma out. Utilities, oil and gas, food, 

discrete manufacturers and others don’t take full advantage of data 

either. McKinsey estimates that only 1% of the data from 30,000 

sensors on oil platforms gets used for decision making.

Pharmaceutical Technology Europe: What regulatory 
compliances are involved in Pharma 4.0?
Moree: One hot topic related to Pharma 4.0 is about data integrity. In 

Pharma 4.0, people talk about data integrity by design, meaning they 

are building up a very solid means for in how they access and collect 

the data. This includes Plug and Produce, where we are collecting 

data that we can store and contextualize.

The data is one part, but the metadata (i.e., data about the data) 

is also very important. How can we be sure that the data collected is 

the right data? We need to understand how to consume the data. Two 

people looking at the same data should make the same conclusions 

and assumptions. And, data integrity is improving as the number of 

people increases that are looking at and consuming data. So, the more 

that we can democratize the data, the more that we can consume it. 

And the better we generate data, the better we can operate and run 

our processes. This is the core of Industry 4.0 and Pharma 4.0.

We’re also seeing examples where pharma companies can use 

technology to streamline their operations within the regulatory con-

text. One of the more interesting experiments taking place today is an 

effort by Eli Lilly to create network of contract manufacturers to pro-

duce pharmaceuticals, similar to how computer makers use OEMs to 

manufacture products they’ve designed. For the system to work, Lilly 

needs detailed, real-time information on all critical processes, so the 

company is setting up systems where it can monitor its contractors. 

This satisfies the regulatory and safety requirements and, ideally, will 

allow Lilly to concentrate on R&D and marketing. Meanwhile, contract 

manufacturers will begin to innovate more, which in turn could lead 

to lower prices and accelerated time-to-market.

Another interesting experiment is the Parexel, which performs drug 

testing. They want to supplement and ultimately replace in-patient 

visits with wearables. Wearables potentially will provide more, and 

more insightful, data at a lower cost. But it has to be conducted 

within the rigors of the testing framework. If they can meet the 

standards, it will have a profound impact on testing.

Pharmaceutical Technology Europe: Do you see any 
return on investment in applying Pharma 4.0?
Moree: Definitely. One manufacturer, for example, reduced equip-

ment costs by 17%. At Sanofi and other companies, document 

management has been reduced by thousands of hours a year. Many 

of our customers are presenting use cases on how they are using the 

PI System in both their R&D and development environments where 

they can reduce time to market and build up a better knowledge 

management structure, which is very important in how they operate 

their processes in manufacturing scale later on. But also in manufac-

turing, we see big influences to apply various types of Industry 4.0 

and Pharma 4.0 technologies. For example, real-time monitoring uses 

various types of advanced analytic technologies or more standard-

ized statistical process control (SPC) or multivariate SPC.

We also see usage of advanced process controls, where the 

industry is changing and controlling their processes both feed-

forward and feed-back in real-time control based on the current 

situation. They are stabilizing the variation, and reducing variation 

in the processes. We also see examples for how they use data and 

Pharma 4.0 in choosing raw materials and how that can be done 

much faster and better than in traditional wet chemistry analysis. 

Thus, many different aspects of data consumption with Pharma 4.0 

initiatives are generating ROI.

Pharmaceutical Technology Europe: What is required 
to implement Pharma 4.0?
Moree: One important part is to get the senior leadership to buy in. 

The pharma industry is very data rich. It has been, and is, collecting 

a lot of data. Of course, that data can contain a lot of information. 

So, the challenge here is to translate that data into information and 

ultimately into decisions so that they can become more data-driven.

There are three aspects that can be mentioned. The leadership 

drive toward Pharma 4.0. Companies need good, reliable tools so 

that we have access to the data. We don’t need to spend time finding 

and structuring and be data-driven as such.

The PI System plays an essential part in enabling and providing 

the infrastructure so that it can be done all across the pharmaceutical 

organization. And, last, but not least, it’s a way to be more risk-based 

and data-driven in their approach to use various types of analytics 

and data science technologies, and combine that with the subject 

matter expertise, to be it chemistry, biology, or physics.

It is important to build a cross-functional team where you combine 

engineering, manufacturing science technology, IT, and quality 

management into teams that can collaborate and really look into the 

processes and the challenges from different perspectives. That is 

one of the essential parts really driving Pharma 4.0 forward.

Pharmaceutical Technology Europe: What kind of suc-
cess stories are you seeing out there?
Moree: We have collected many inspiring use cases from our cus-

tomers who have started to use Pharma 4.0 and become data-driven 

in their organizations. I have seen success stories from companies 

like Novartis, presenting the factory of the future and various 

examples of how they are data-driven in both their development 

and manufacturing processes.

I’ve seen examples from Johnson & Johnson of how they are 

standardizing and building one very transparent layer across their 

organization, which is focused on accessing, using, and standardizing 

the data, and how they consume data, which is helping them tremen-

dously. And, we have seen examples from companies like Biogen, 

Amgen, and Genentech. Many well-known pharma and biopharma 

companies are starting to share their success stories and ideas.

We are still in the beginning of the Pharma 4.0 era. We will see 

more to come in the next few years when it will be more broadly 

implemented across not just new processes, but also legacy systems 

and legacy processes, where these types of new technologies for 

data-driven decisions will help organizations be more effective and 

generate higher value.
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Excipients are crucial ingredients in final drug formulations with 

potential impacts on product quality, stability, tolerance, release 

profiles, local distribution and availability, and thus overall efficacy and 

safety. Recent regulations have increased the requirements for drug 

manufacturers and excipient suppliers with respect to ensuring the 

quality and safety of excipients. The emphasis continues to be on the use 

of risk assessments and the growing recognition that excipient producers 

and pharmaceutical companies have shared responsibility for ensuring 

excipient safety.

Updated guidelines
Excipients are becoming a top priority among regulatory agencies. 

Regulatory bodies in the United States, European Union (EU), and Japan, 

as well as those in the ‘BRICK’ (Brazil, Russia, India, China, and Korea) 

countries, are modifying existing and/or introducing new regulations for 

finished pharmaceutical products that specifically address excipients, 

either directly or indirectly. Many of these regulations have an impact 

beyond domestic production of drug products, according to Priscilla 

Zawislak, global regulatory affairs advocacy manager with Dow Pharma 

Solutions. National pharmacopoeias are also placing a greater emphasis 

on standards for excipients.

Regulations on excipient risk assessment were issued by the European 

Medicines Agency (EMA) in 2015 (1) with implementation required by 

21 March 2016. An update of the annex to the European Commission’s 

guideline on excipient labelling by EMA on 9 Oct. 2017 (2) included the 

expansion of safety warnings for 10 excipients and the addition of five 

new excipients to the list, according to Mario DiPaola, senior scientific 

director at Charles River Labs.

“Recent draft guidance documents issued by [US Food and Drug 

Administration (FDA)], such as the Abbreviated New Drug Applications 

(ANDA), Refuse to Receive, and Controlled Correspondence guidances, 

are examples of why drug product manufacturers must have a better 

understanding of what’s needed to comply,” adds Zawislak. “Open 

communication with suppliers about the composition, functionality, 

and performance of excipients in a drug product is essential. Excipients 

Cynthia A. Challener 

is a contributing editor to 

Pharmaceutical Technology 

Europe.

are no longer regarded as inactive 

and it is no longer sufficient to simply 

provide excipient specifications in an 

investigational new drug application 

(ANDA). FDA now requires drug product 

manufacturers to tell the full story 

about the role and interaction of the 

excipients with the API in final drug 

products,” she continues. 

In China, “Bundling Review” 

requirements were included within 

the Chinese Pharmacopoeia 2015 

standards (3) and will be retained in its 

future 2020 version. 

Industry has also been active 

in updating voluntary guidelines 

on ensuring excipient quality and 

safety. The updated International 

Pharmaceutical Excipients Council 

(IPEC) Quality Agreement Guide (4) 

by the IPEC Federation was issued in 

November 2017. Earlier in the year, 

the group also published updated 

guidelines on both excipient good 

manufacturing practice (GMP) (5) and 

good distribution practice (GDP) (6), as 

well as excipient risk assessments (7), 

according to DiPaola.

Regulatory proliferation 
driving communication
The proliferation of regulations in 

different countries and regions 

has resulted in different excipient 

requirements that are often not fully 

aligned with one another. Global 

excipient suppliers must work with 

customers to find ways to meet these 

challenges across multiple regions, 

sometimes for one particular type of 

application, according to Zawislak.

“More diligence is required when 

excipients fall under drug or API 

regulations,” she says. For example, 

she notes that Brazil and India have 

requirements for a specific amount 

of remaining shelf life for imported 

drug products, which includes 

excipients, APIs, and finished drug 

products. Defining a shelf life in this 

case is different than for APIs and drug 

products imported into other countries. 

“Open communication between raw 

material suppliers and formulators is 

particularly important here, because 

without knowledge of the end use, 

suppliers cannot help ensure that 

formulations are in compliance,” 

Zawislak states.

With the proliferation of more 

regulations for excipients in the 
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BRICK countries and in emerging 

countries, Dow Pharma Solutions is 

also initiating dialogue with regulatory 

agencies as well as customers to 

address some of these differences. 

“We see this situation providing a good 

opportunity, because it opens lines of 

communication and leads to greater 

awareness of the key role excipients 

have in pharmaceutical products,” 

asserts Zawislak.

Contamination concerns
In addition to focusing on excipient 

quality in recent years, regulatory 

agencies have strengthened their 

positions on preventing drug 

adulteration of both APIs and excipients 

by enacting a number of new 

regulations, ultimately requiring tighter 

control of the manufacturing processes 

and testing, according to DiPaola. 

“A major area of concern in 

excipient quality is contamination 

from a number of potential sources, 

including viruses; microbial and 

endotoxin/pyrogen contaminants; 

transmissible spongiform 

encephalopathy; and impurities 

resulting from raw materials, 

byproducts generated during 

processing, and product degradants. 

Lack of sterility for excipients deemed 

sterile is also a potential issue,” 

DiPaola says.

These problems can occur for a 

number of reasons ranging from the 

lack of dedicated equipment and/

or facilities for the manufacturing 

of excipients; poor environmental 

control during manufacturing; and/

or inappropriate storage and shipping 

conditions, among others.

Risk assessment approach
Given this sizeable list of concerns, 

regulatory bodies have begun to 

expect excipient users (e.g., drug 

manufacturers) to perform extensive 

risk analyses and implement 

mitigation plans for situations deemed 

to be high-risk. “Such mitigation 

strategies may require more testing 

of excipients for the presence of 

contaminants or require more control 

of the manufacturing process and 

distribution,” notes DiPaola.

One example is the EU guideline that 

became effective in 2016. It requires 

more formalized risk assessments 

to be conducted on a regular basis. 

This approach is not limited to the EU, 

however, according to Zawislak. “We 

have seen risk assessments become 

more of a standard globally as a tool 

in managing raw material and supplier 

qualification,” she says. 

The revised IPEC-PQG GMP Guide, 

IPEC–PQG Good Manufacturing 

Practices (GMP) for Pharmaceutical 

Excipients 2017 (5), which was 

published in May 2017, was updated 

partly in response to the increased 

requirements for drug manufacturers 

to perform risk assessments for 

excipients to determine the appropriate 

level of GMP that should be used 

to produce them. It also takes into 

account third-party standards 

(EXCiPACT and ANSI) “against which 

excipient suppliers can be certified 

to provide assurance that they are 

operating in conformance with 

excipient GMP,” according to an IPEC 

news release (8).

Shared responsibility
With increasing regulatory and 

business demands, the relationships 

between excipient suppliers and 

medicinal product manufacturers have 

never been so important, according 

to Dominik Odenbach, director, global 

regulatory and external affairs, Pharma 

& Human Nutrition, BASF. “A mutual 

understanding of what is appropriate 

to ensure the safe and reliable supply 

of high quality excipients is essential, 

and it is in the quality agreement that 

these expectations can be defined,” 

he explains. 

The revised IPEC Quality Agreement 

Guide (4) reinforces that the business 

of ensuring excipient safety is a shared 

responsibility between excipient 

users and suppliers, according to 

DiPaola. “The quality agreement 

enables the drug manufacturer and 

the excipient supplier to establish a 

partnership through which all quality 

requirements and responsibilities are 

clearly delineated. This legally binding 

agreement provides a process by 

which costly product quality issues 

can be minimized and ensures that 

the drug manufacturer can meet 

its regulatory expectations and 

requirements,” he explains.

“We have found that use of the 

IPEC QA templates published in 

2009 significantly facilitate and 

accelerate the negotiations between 

excipient suppliers and customers 

and, hence, reduce the workload 

related to the review and discussion 

of quality agreements for all parties 

involved,” adds Odenbach. “BASF 

strongly promotes the use and further 

optimization of standard templates.”

The major change incorporated in 

this latest version of the IPEC Quality 

Agreement Guide is the addition 

of the Manufacturer’s Statement. 

The original version of the guide 

addressed the need to have a quality 

agreement between the excipient 

manufacturer and its direct customer 

(e.g., the drug product manufacturer 

or distributor) and between the 

distributor and its customer. 

In recent years, customers who 

buy from distributors have been 

requesting quality agreements with 

excipient manufacturers as well. 

However, because there is no direct 

business relationship between the 

excipient manufacturer and the 

distributor’s customer, formalizing a 

three-way company agreement would 

be necessary—and complicated, 

according to Zawislak. 

The Manufacturer’s Statement 

addresses this gap. It is written 

by the excipient manufacturer to 

define its quality responsibilities for 

manufacturing the excipient through 

its lifecycle (e.g., maintenance of 

a quality management system, 

adherence to GMPs, change 

notification, etc.). The Manufacturer’s 

Statement is signed and dated by 

the manufacturer and can then be 

attached to agreements between 

distributors and their customers.

“It is important to note that the 

Manufacturer’s Statement is not a 

full quality agreement between three 

companies or a stand-alone document. 

It is, however, a signed statement from 

the excipient manufacturer regarding 

its quality responsibilities, which are 

generally the same regardless of 

the end-use customer. As a result, 

the need for a three-way quality 

agreement is eliminated, yet each party 

is protected with respect to quality 

assurance,” Zawislak observes. 

Variability is an issue
Aside from variations in the regional 

regulations designed to ensure 

excipient safety, a key challenge for 

the pharmaceutical industry is the 
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lack of integrity and transparency 

within the excipient supply chain and 

variability in the quality of excipients, 

according to DiPaola.

Significant test method variability 

is another issue for Ann Gulau, a 

quality assurance scientist at Dow 

Pharma Solutions. “This variability 

should be considered when setting 

monograph and specification limits. 

Currently, there are many tests that 

have much higher variability than 

the monograph specification limits. 

As a result, significant amounts of 

material are discarded as unsuitable 

for pharmaceutical use, despite no real 

safety or quality concerns,” she explains.

Further issues for DiPaola are the 

limited amount of testing currently 

performed for excipient release and the 

lack of robust stability data.

Updated and harmonized 
monographs needed
Most current excipient testing is 

conducted according to pharmacopoeia 

methods, which like excipient 

regulations, vary on a regional basis. 

“It is not value-added to measure 

essentially the same properties with 

different methods to satisfy all regional 

requirements. There are frequently 

minor regional test differences in 

various pharmacopoeia that require 

additional testing or studies to prove 

equivalency. This additional testing 

does not improve product quality or 

patient safety,” asserts Barbara Serr, 

business analytical leader for Dow 

Pharma Solutions.

For instance, despite the global 

pharmacopoeial harmonization efforts 

in the US, Europe, and Japan, the 

Chinese Pharmacopoeia (CP) develops 

individual excipient monographs with 

separate requirements, according 

to  Odenbach. “For an excipient 

manufacturer, higher analytical efforts 

and costs to release globally used 

materials are necessary to introduce 

products to the Chinese market, if 

possible at all. These stringent Chinese 

requirements create new hurdles to 

trade, restricting choice, and raising 

costs, also for pharma manufacturers 

or consumers,” he says.

Complicating this particular issue 

is the lack of timely availability of an 

official—and therewith binding—

English translation of the Chinese 

Pharmacopoeia. “In preparation for 

CP compliance, analytical method 

set up and validation work must be 

performed in the release labs of the 

excipients manufacturers, for non-

Chinese speaking lab personnel an 

impossible task. In addition, from a 

technical and testing point of view, 

several excipient monographs require 

technically non-achievable limits 

and/or demand the performance of 

technically non-feasible methods. 

Furthermore, scientific cooperation 

with the Chinese Pharmacopoeia 

experts in advance is difficult and 

protracted,” Odenbach states.

Many of these methods also are 

in need of modernization. “Current 

methods tend to be highly time 

consuming, frequently lack appropriate 

sensitivity, and generally rely on older 

analytical technologies,” observes 

DiPaola. Adds Serr: “Continuation of 

old limit tests to satisfy some regional 

pharmacopoeia is unwarranted and 

unnecessary testing. Additionally, 

some test items may simply be historic 

without any real relationship to patient 

safety. Monographs should be updated 

with a focus on items that are real 

safety concerns instead of simply 

continuing historical practices without 

real purpose.

One recent example of an 

improvement is the conversion from 

old wet chemical methods to the use 

of inductively coupled plasma-mass 

spectrometry for elemental impurity 

determinations. “Using this advanced 

analytical technique has revealed that 

many excipients do not contain any of 

the elements of concern,” Serr notes. 

DiPaola would like to see more 

use of mass spectrometry for the 

detection and characterization 

of impurities/contaminants and 

newer ultra-high-performance liquid 

chromatography technology with high-

resolution columns.

Dynamic situation
Ultimately, according to DiPaola, 

pharmaceutical manufacturers are held 

accountable for the overall quality and 

safety of pharmaceutical products. 

They are thus applying more pressure 

on excipient suppliers for greater 

control of the quality and safety of their 

excipients, as well as tighter control of 

excipient distribution.

At the same time, regulation in the 

pharmaceutical industry is a dynamic 

situation, according to Zawislak. 

“Patient safety is the ultimate goal 

and often requires development of 

regulations and standards to achieve 

that goal in an ever-changing world. 

Regulations also need to keep pace 

with emerging technologies and 

innovations in drug development,” 

she observes.

Novel excipients are needed to 

produce the next generation of drugs, 

she adds, but current regulations often 

fall short in being able to provide a 

regulatory pathway to make their entry 

into the market possible. “In the next 

few years, we hope to see regulators 

address this issue,” Zawislak concludes.
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Pharmaceutical and nutritional package integrity 

is often studied by incidental contamination, via 

immersion or aerosol microbiological challenge 

tests. Aerosol tests rely upon microorganisms 

settling from the atmosphere onto critical 

surfaces. Maintenance of a contaminated 

atmosphere is necessary to create the conditions 

that will cause a constant settling rate of the test 

microorganisms. Both parameters—maintenance 

of bioburden and duration of exposure—have 

to be monitored and controlled. It is important 

to understand the limitations of aerosol tests 

where the microbial contamination conditions 

are not maintained over the duration of the test. 

The following study describes a methodology 

to establish, control, and characterize an 

aerosolized bioburden within a test chamber 

and determine the settling rate of the bioburden. 

The intention of this paper is to stimulate the 

necessary discussion for the establishment 

of the standard criteria for all aerosol tests to 

generate comparable and reproducible data.

D
M

IT
R
Y

 K
A

L
IN
O

V
S

K
Y

/S
H

U
T

T
E
R
S

T
O

C
K

.C
O

M

Peer-Reviewed

T
he integrity of pharmaceutical and nutritional packag-
ing is typically assessed by its ability to withstand mi-
crobial challenge tests (1). These tests simulate worst-
case scenarios that may be encountered during filling, 

shelf life, transport, and dispensing. There are two common 
microbial challenge methods: immersion and aerosol. In im-
mersion tests, the critical surfaces of the package are placed 
into direct contact with a microbial broth containing test 
microorganisms (2). In aerosol tests, the package is exposed 
to aerosolized test microorganisms (3–5). Immersion tests, in 
which the microorganisms are certain to be in direct contact 
with the container, are considered more stringent than aero-
sol tests for three main reasons:

• The immersion bioburden is measured in colony-forming 
units per mL (CFU/mL), while the aerosol test bioburden 
is measured in CFU/m, a 10 lower concentration. 

• Immersion test results are obtained in which the object 
or surface being tested is in direct contact with the chal-
lenge microorganism suspended in the liquid medium.

• In an aerosol test, the duration of exposure to a main-
tained aerosol concentration determines the number of 
challenge particles settled onto the critical surfaces.

Until a complete closure has been accomplished, packag-
ing technologies are unlikely to pass an immersion test as 
described in Parenteral Drug Association (PDA) Technical 
Report (TR) 27, sections 6.2 and 8.6 (2). Immersion tests, by 
design, simulate worst-case scenarios far outside of those pro-
vided while processing under US Food and Drug Administra-
tion (FDA) good manufacturing practice (GMP) conditions (6).

Albeit less stringent than an immersion test, aerosol chal-
lenges are increasingly more popular because they correlate 
directly to real-life situations experienced by sterile packages 
and devices during filling, storage, transport, and point-of-
use. Aerosol tests can be designed to simulate specific sce-
narios of non-classified atmospheres (4, 5). Several such 
aerosol case studies have been described in literature (4, 7). 
However, current guidelines for aerosol testing of package 
integrity as described in PDA-TR 27 (sections 6.3 and 8.7) 
do not allow for standardized and comparative data analy-
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sis. Aerosol testing relies upon microorganisms settling from 
the atmosphere onto the critical surfaces being tested (3–5). 
Therefore, the rate at which test microorganisms settle onto 
surfaces has to be determined for the test setup.

An initially established and continuously maintained 
level of contamination in the test environment is required 
to determine the duration of exposure that results in a pre-
dictable bioburden accumulation on the surface to be tested. 
Bioburden accumulated on these surfaces as a function of the 
duration of exposure should be the common denominator in 
aerosol challenge tests. In this study, bioburden was measured 
after different periods of exposure to establish a correlation 
between aerosolized bioburden and accumulated surface 
bioburden for a specific aerosol challenge test. This correla-
tion can be used to determine the duration of exposure in a 
controlled aerosol chamber, which will provide comparable 
and reproducible tests conditions for the test items.

In this article, the authors describe a methodology to establish 
and control an aerosolized bioburden within a test chamber. The 
key test parameters to be measured were identified and the ac-
cumulation of bioburden on surfaces tested inside the test cham-
ber was studied as a function of time. This article also seeks to 
initiate the necessary efforts for the standardization of mean-
ingful duration of exposure in aerosol challenge tests. Finally, 
this method can also be used as a risk-analysis tool for exposed 
surfaces of filling systems, closures, connectors, and devices that 
are dependent on the air quality of the surrounding environment.

Materials and equipment

The materials and equipment were specially designed to 
achieve and maintain the desired aerosolized bioburden level. 
Equivalent material and equipment can be used if the key 
operational features are maintained or the methods adapted 
to achieve and maintain the desired aerosolized bio-burden.

The chamber (see Figure 1) consists of Plexiglas glued into 
an aluminum T-slotted frame box with four pairs of polyure-

thane gloves, two nebulizers (one at each end of the chamber), 
programmable electrical outlet, three internal mixing fans, 
access door, air sampler, and air sample strips.  The chamber 
is vented to the building exterior.

Black neoprene, 1.5-mm thick gloves that are chemical, oil, 
and ozone resistant were used.  

Two DeVilbiss PulmoNeb LT nebulizers with a nebuliza-
tion rate of 0.24 mL/min were used to aerosolize the test 
microorganism strains from the nebulizer stock and deliver 
them into the chamber. One nebulizer was located at each 
end of the chamber. The nebulizers conform to Healthcare 
Common Procedure Coding System Code E0570—Nebulizer: 

• Operating temperature range: +40 °F to +104 °F (+5 °C 
to +40 °C)

• Operating humidity: up to 95% non-condensing
• Supplied nebulizer capacity:  >10cc
• Supplied nebulizer nebulization rate: 0.24 mL/min
• Supplied nebulizer mass median aerodynamic diameter: 

2.7 micron.
The nebulizer stock consisted of a phosphate buffered saline 

(PBS) stock that was made fresh overnight using test microor-
ganisms culture, concentrated at 2-Logs (CFU/mL) above (100x) 
the desired chamber bioburden in CFU/m. The formulation 
of the PBS stock solution (pH 7.2) is used in food, dairy, and 
pharmaceutical testing as referenced in AOAC International, 
American Public Health Association, FDA, US Department of 
Agriculture, and US Pharmacopeial Convention test methods. 

A programmable unit (VWR traceable time switch con-
troller) was used to control the duration of nebulizer bursts 
of microorganisms and ensure the maintenance of the de-
sired bioburden throughout the duration of the test.

Three Massey four-inch high-velocity desk fans, one at 
each end of the chamber above the nebulizers and the third 
in the center of the chamber, maintained a mixture of the 
aerosolized microorganisms.

Operated according to the manufacturer’s instructions, 
the air sampler (RCS HYCON) assessed the microbial popu-
lation within the chamber. The total count agar (TCA) strips 
were incubated at 30–37 °C for the appropriate period of time 
(24–48 hours). Enumeration of these TCA strips confirmed 
that the target bioburden was maintained throughout the test.

A thermometer with clock and humidity monitor 
(VWR, 62344-734) was used to monitor the ambient tem-
perature, humidity, and time. 

At the completion of the test, the chamber was decontami-
nated by manual wiping with 70% isopropyl alcohol.

Procedures

Achieving and maintaining the desired aerosol bioburden. The con-
taminated environment in an aerosol challenge test needs to 
be contained in a defined chamber and made uniform by air 
circulation. The primary construction materials (acrylics, 
polyvinyl chloride, Plexiglas, etc.) of many aerosol chambers 
are prone to bacterial adhesion especially with fans pushing 
test microorganisms against these surfaces. When air samples 

Figure 1:  Aerosol chamber, 183 cm x 84 cm x 76 cm 

(length x width x height), 1.168 m3 volume.
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are taken after setting a defined bioburden (CFU/m) inside 
an aerosol chamber, enumeration counts will decrease at a rate 
governed by the chamber materials, internal objects, fan speed, 
nebulization rate, and settling rate of the microorganisms. Un-
like the immersion test, the aerosolized bioburden in the cham-
ber is dynamic, constantly settling, and thus diminishing in the 
chamber over time. To maintain a constant aerosol challenge 
level, the aerosolized bioburden must be periodically replen-
ished with test microorganisms (Figure 2). 

Several means were evaluated to achieve and maintain the 
desired aerosol bioburden inside the chamber. These mea-

sures included using a variety of microorganisms, chamber 
management, and data capture and report.

Microorganisms. The choice of microorganisms is a compro-
mise between relevant species for the intended product, prod-
uct storage conditions, and resilience of the bacterial species to 
aerosolizing procedures. It was acknowledged that a single bac-
terial strain would not suffice to fulfill all the selection criteria. 
Three test microorganisms were evaluated and the rationale for 
their inclusion in the proposed challenge test has been outlined:

• Bacillus subtilis ATCC# 6633, a common sporeforming 
test microorganism

Figure 2:  Bioburden dynamics and fate inside the aerosol 

chamber.
Table I: Nebulizer stock and target chamber bioburden.

Nebulizer stock log (CFU/mL)

Chamber bioburden

(After charging and during 

maintennace)

log (CFU/m3)

8 6

7 5

6 4

5 3

4 2

3 1

CFU is colony-forming units.
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• Enterobacter aerogenes ATCC#13048, a broad spectrum 
substrate and motile test microorganism (Serratia marc-
escens is a possible substitute)

• Brevindumonas diminuta ATCC#19146, an extremely 
small (0.31 um) test microorganism.

The challenge microorganisms were grown under optimal 
media/conditions (usually trypticase soy broth), 30 °C, aera-
tion by shaking) overnight (approximately 16 hours) prior to 
the test (see ATCC for additional information specific to each 
microorganism). On the day of the test, a fresh culture was 
diluted in PBS to create the nebulizer stock suspension. The 
stock suspension was concentrated to 2-Logs above (100x) 
the desired chamber bio-burden (see Table I).

The stock suspension was enumerated by serial dilution on 
trypticase soy agar (TSA) plates to confirm the population. 

Chamber management. The test chamber and its compo-
nents were checked for integrity before every aerosol test. 
The major components of the test chamber included:

• Neoprene gloves
• Nebulizers (filled with stock suspension)
• Programmable outlet
• Mixing Fans
• Air samplers and total count (TC) agar strips.
Using the nebulizers, programmable outlet, and fans, the 

microbial content of the chamber was elevated and main-
tained at the desired challenge level (Log [CFU/m]) as de-
scribed in the following and depicted in Figure 3. The nebuliz-
ers were maintained active during the charging phase (i.e., 
the first 20 minutes in the aerosol chamber as described). 
Once the target bioburden concentration was reached, both 
nebulizers were inactived for a five-minute period. After the 
minute “off” period, both nebulizers were activated again. 
The “on” and “off” cycle was repeated for the duration of 
the test.

The recorded data should be included in the final report 
(photos, tables, and graphs are recommended to support the 
data), including: stock suspension enumeration; room con-
ditions (temperature, room humidity, and duration of test); 
air sampling times and populations; specific test character-
istics; and exposure time. Appropriate negative and positive 
controls are used to confirm validity of the microbial tests.

Data capture and report. Periodic air sampling was per-
formed using the RCS HYCON air sampler. The agar strips 
were incubated at optimal conditions for the test microor-
ganisms. The bioburden was enumerated using the formula 
provided by the manufacturer (Figure 4):

Aerosol bioburden maintenance. Using the steps described in 
the previous section, the chamber was charged and main-
tained at the target microbial levels for the duration of the 
test period (Table II). 

During the tests, periodic air samples were taken to assess 
the aerosolized bioburden level inside the chamber.

Aerosol bioburden decay. Using the steps described, the 
chamber was initially charged to the target concentration, 
but not maintained at that level. Then, the aerosolized bio-
burden was allowed to settle (Table III). During these studies, 
periodic air samples were taken (as described previously) to 
monitor the internal bioburden level.

Figure 3:  Nebulizers “on” and “off” cycle.

Figure 4:  Bioburden calculation using RCS HYCON, BioTest air 

sampler. CFU is colony-forming units.

Table II: Aerosol bioburden maintenance test conditions.

Test #

Aerosol bioburden maintenance

Target log

(CFU/m3)

Charge

(minutes)

Test aprox.

duration

(minutes)

Nebulizer stock

enumerations

log (CFU/ml)

1 6 to 7 20 60 8.77

2 6 to 7 20 60 8.78

3 6 to 7 20 60 8.60

4 3 to 4 20 70 5.74

5 3 to 4 20 50 5.78

6 3 to 4 20 520 5.74

7 3 to 4 20 520 5.97

CFU is colony-forming units.

Table III: Aerosol bioburden decay test conditions.

Test #

Aerosol decay

Target starting log 

(CFU/m3)

Test aprox.

duration

(minutes)

8 6 to 7 100

9 3 to 4 60

10 6 to 7 90

CFU is colony-forming units.
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Aerosol bioburden and surface bioburden accumulation. Using 
the steps described, the chamber was charged and main-
tained at different microbial population levels ranging from 
1-Log (CFU/m) to 7-Log (CFU/m).

The following steps were taken to capture the settling of 
the bacterial population onto TSA plates. A total of six plates 
were distributed along the base of the chamber. Three air 
samples were obtained for each test condition (Table IV).

After each air sample, two settling plates (for a total of 
six) were exposed to the aerosolized bioburden for a pre-
determined time period (Table V). Surface enumerations and 
aerosol samples were correlated to study their relationship 
within the chamber.

Results and discussion

Aerosol bioburden maintenance. Following the procedure de-
scribed, the air sampling results were plotted against time 
(Figure 5 and Figure 6).

After the initial charging period of 20 minutes, the aero-
solized bioburden inside the chamber was maintained with 
periodic bursts of nebulized microorganisms. The aerosol-
ized bioburden can be maintained over periods ranging from 
a few minutes (Figure 5) to several hours (Figure 6). The results 
obtained confirm that the method described allows for the 
establishment, maintenance, and control of a homogenous 
aerosolized bioburden. Also, a stable bioburden level can be 
maintained for several hours.

The rationale for continuous bioburden maintenance 
is that aerosolized microorganisms (and particles) settle 
on available surfaces over time, decreasing the number of 
microorganisms present in the environment and lowering 
the aerosol bioburden over time. The programmed bursts of 
nebulized bioburden replenish the environment, hence, main-
taining the bioburden level over time as shown in Figure 5 and 
Figure 6. Without replenishment, the aerosol bioburden will 
result in a decay of aerosol population.

Aerosol bioburden decay. To determine the bioburden decay 
in the chamber without aerosol maintenance bursts, the 
chamber was initially charged, but the aerosol bioburden 
was not maintained with subsequent microbial injection. The 
air sampling population results were plotted against time 
(Figure 7).

After an initial charging period of 20 minutes, the aero-
solized bioburden level inside the chamber reached the 
target concentration and then decayed over time when it is 
not maintained with periodic nebulized bursts. The results 
shown in Figure 7 confirm that without maintenance bursts, 
the aerosol bioburden decays with time, which will impact 
the total settling population available during the studied 
period. Therefore, maintaining the aerosolized bioburden 
as shown in Figure 5 and Figure 6 provides conditions for con-
stant settling of the bioburden. A constant settling rate will 
enable the comparison and reproducibility of aerosol micro-
bial challenge tests. Figure 8 describes the proposed steps in a 
constant aerosolized microbial challenge test.

Table IV: Air sampling for each test.

Test #

Aerosol enumerations

Target log (CFU/m3)
Volume

sampled (L)

1 6 to 7 1

2 6 to 7 1

3 5 to 6 2

4 4 to 5 2

5 4 to 5 5

6 4 to 5 10

7 3 to 4 50

8 2 to 3 100

9 2 to 3 100

10 1 to 2 1000

CFU is colony-forming units.

Table V: Settling plate exposure for each test.

Test #

Aerosol 

enumerations

Surface 

enumerations

Target log (CFU/m3)
Plate exposure time 

(minutes)

1 6 to 7 0.17

2 6 to 7 0.17

3 5 to 6 2

4 4 to 5 2

5 4 to 5 8

6 4 to 5 10

7 3 to 4 16

8 2 to 3 120

9 2 to 3 120

10 1 to 2 300

CFU is colony-forming units.

Figure 5:  Aerosol bioburden maintenance. Results are shown 

for Test #1 through Test #5. Also depicted are the initial charge 

and the maintenance period with the periodic nebulizer bursts. 

CFU is colony-forming units.
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Aerosol bioburden and surface bioburden accumulation. To study 
the bioburden accumulation onto surfaces exposed to aerosol 
bioburden populations, the chamber was charged and main-
tained following the steps described previously. The results 
of a series of experiments are shown in Table VI, and the data 
indicates a linear relationship between aerosol bioburden 
and surface bioburden accumulation over time (Figure 9).

The observed results confirm, as expected, that the level 
of aerosolized bioburden determines the surface bioburden 
accumulation over time of exposure (Table VI and Figure 9). 
Thus, a higher aerosol bioburden population will accumulate 
a higher surface bioburden per unit time. This is a settling 
rate of colony forming units per meter square per minute 
(CFU/[m min]), and it remains constant as long as the aero-
sol bioburden is maintained constant (Figure 2). Thus, in an 
unmaintained aerosol bioburden scenario, the settling rate 
will decrease over time as the aerosolized bioburden is de-
pleted and eventually exhausted (Figure 7).

The surface bioburden accumulation in a maintained 
aerosolized environment can be estimated using this con-
stant settling rate (Figure 9). The bioburden accumulated on 
the surfaces essentially reaches a constant level over time 
(Figure 10) associated with the maintained aerosolized popu-
lation. This minimum time of exposure should be used to 
carry out meaningful and reproducible aerosol challenge tests 
after all sample units have been exposed to similar conditions. 

A constant settling rate allows the prediction of surface 
bioburden by using the correlation formula (Equation 1) ob-
tained from the aerosol to surface bioburden accumulation 
(Figure 9) for the aerosol chamber:

y = 1.037x - 1.3055 (R2 = 0.9997)
[Eq. 1]

where: x is the logarithm of the aerosol bioburden in 
CFU/m and y is the logarithm of the surface bioburden in 
CFU/m after one minute of exposure.

This formula can be used in risk assessment for tests car-
ried out inside the chamber when the aerosolized bioburden 
is maintained as described. A similar approach has been pre-
viously studied when calculating the likelihood of airborne 
contamination in controlled classified or non-classified en-
vironments (8).

Similarly, an example of a controlled non-classified envi-
ronment less than ISO 8 was studied. In this example, the 
measured aerosol bioburden was close to 3-Log (CFU/m). 
Using Equation 2:

y = 1.037x - 1.3055
3 = 1.037x - 1.3055
x = (3 – 1.3055)/1.037
x = 1.63←Log (CFU/m)/minute

[Eq. 2]

Figure 6:  Aerosol bioburden maintenance. Results are shown 

for Test #6 and Test #7. Also depicted are the initial charge and 

the maintenance period with the periodic nebulizer bursts. CFU 

is colony-forming units.

Figure 7:  Aerosol bioburden decay. Results are shown for Test 

#8 through Test #10. Also depicted are the initial charge and 

the decay period. CFU is colony-forming units.

Figure 8:  Proposed steps in an aerosol microbiological 

challenge test. Step-P: pre-test activities. Step 1: charge, 

to elevate the chamber bioburden to test levels using the 

programmable nebulizers. Step 2: maintenance of bioburden 

using the programmable nebulizers for successive tests. Step 

3, Step 4, and Step N: exposure time during the maintenance 

(Step 2) for test units or test groups; the exposure time of 

15 to 60 minutes is suggested considering the settling rates 

calculated below (see Table VI).
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After one minute of exposure, there is an accumulated sur-
face bioburden of 1.63-Log (CFU/m) or about 43 CFU/m. If 
the critical surface of the neck opening of an unsealed 2-mL 
vial is 0.64 cm, then the accumulated bioburden into that 
opening per minute is approximately 0.003 CFU. This im-

plies a risk of three contaminated vials every 1000 exposed 
vials to a 3-Log (CFU/m) environment for one minute. 

If the level of aerosolized bioburden is increased to 4-Log 
(CFU/m), the risk per minute of exposure increases to three 
contaminated vials every 100 exposed vials. If the analysis is 

Table VI: Aerosol bioburden and surface bioburden accumulation.

Test#

Aerosol enumerations Surface enumerations
Surface bioburden 

accumulation per minute

Volume 

sampled

Average 

colonies per 

strip

Log 

(CFU/m3)

Exposure time 

(minutes) 

Average 

colonies per 

plate

CFU/m2
Log 

(CFU/m2)

1 1 3890.45 6.59 0.17 467.08 350000.00 5.54

2 1 1000.00 6.00 0.17 110.11 82508.75 4.92

3 2 240.45 5.08 2 133.45 8500.00 3.93

4 2 144.89 4.86 2 80.07 5100.00 3.71

5 5 125.59 4.40 8 125.60 2000.00 3.30

6 10 100.00 4.00 10 54.62 695.82 2.84

7 50 50.00 3.00 16 8.03 63.90 1.81

8 100 19.95 2.30 120 11.31 12.01 1.08

9 100 10.00 2.00 120 5.53 5.87 0.77

10 1000 18.15 1.26 300 2.36 1.00 0.00

CFU is colony-forming units.
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done on a typical 250-mL bottle with a neck opening of 6.33 
cm, the risk of contamination increases to three contaminated 
vials every 10 exposed vials in a 4-Log (CFU/m) environment. 

The actual risk numbers are dependent on the chamber and 
procedures described, but the risk analysis can easily be cor-
related and used independent of the test chamber, as stated in 
the literature (8). From this analysis, it is evident that the major 
governing parameters are the critical surface area and the time of 
exposure, as the environment of concern is either a set bioburden 
during a challenge test or refers to the low bioburden controlled, 
maintained, and monitored in classified environments. Thus, 
as stated in other studies, to minimize the risks of contamination, 
both critical surfaces and exposure time have to be minimized (8).

In the manufacture of sterile products, aseptic technolo-
gies strive to control the two major risk factors in different 
ways (6). The vast majority of aseptic processing technolo-
gies operate in classified environments (i.e., ISO 5), where 

the expected aerosol bioburden is kept low by sophisticated 
means. High-speed filling operations are often used to 
minimize critical surfaces exposure time (6). Other tech-
nology approaches have engineered the reduction of the 
critical surfaces to be independent from time of exposure, 
and therefore, independent of classified environments (9).

Conclusion

A 15-minute minimum duration of exposure within an es-
tablished and maintained aerosol chamber has been shown 
to be the critical parameter needed for aerosol-based mi-
crobial challenge tests to be comparable. For example, in a 
maintained 6-Log (CFU/m) aerosol chamber, the bioburden 
on the surface tested varies by a factor of 10, between two 
minutes and 10 minutes of exposure. 

The procedure described proposes a method for stan-
dardization and reproducibility of aerosol microbial 
challenge tests that allow for reproducible comparisons of 
performances and safety level between different devices, 
filling equipment, background environments, control pro-
cedures, or aseptic processing technologies.

The constant settling rate that leads to increasing biobur-
den accumulation on critical surfaces can be used to deter-
mine a duration threshold for a discriminative aerosol chal-
lenge test. The standardization of aerosol tests is a necessity 
for the “x” Log proof claims to be meaningful and comparable. 
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Figure 9:  Aerosol bioburden and surface bioburden 

accumulation. Settling plates were exposed inside the aerosol 

chamber charged and maintained to different aerosolized 

bioburden levels. CFU is colony-forming units.

Figure 10:  Estimated bioburden accumulation in a 6-Log 

(CFU/m3) aerosol atmosphere inside the aerosol chamber. The 

accumulated bioburden reaches a plateau after 15 minutes 

of exposure. This exposure time could be considered as a 

minimum because the change in accumulated bioburden after 

this time point is minimal. CFU is colony-forming units.
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Pharmaceutical manufacturing is an area with strict regulations 

requiring precise quality control of drug products. Traditional 

manufacturing practices have complied with these guidelines for 

decades. Initiatives have been put forth for advanced manufacturing 

technologies to be used in the pharmaceutical industry (1),  such as 

continuous manufacturing of oral solid dosage (OSD) drug products. 

Continuous manufacturing has the potential for a higher level of 

quality control than batch manufacturing. Because the process is 

different from traditional batch operations, however, regulatory 

requirements, such as traceability, will be achieved in a different way. 

As opposed to traditional batch processes, where drug components 

are weighed and then added to a batch unit operation such as a large 

bin blender, continuous processes have a flow of material traveling 

through them, from one unit operation to the next. In this way, the 

amount of material to be processed is dependent on the mass flow 

rate of the material and the total duration of continuous operation. 

Batch size is not limited by the size of the equipment, as it is in batch 

processes. Much work has been done in studying the various areas 

affecting the performance of continuous manufacturing of OSD drug 

products, including material characterization (2), facility development 

(3, 4), modelling for process simulation (5–7), real-time monitoring (8, 

9), and process control (10–12). Less attention has been paid, however, 

to developing the methods and tools through which the materials 

can be systematically traced during continuous pharmaceutical 

manufacturing.

For patient safety and regulatory compliance, the history of each 

pharmaceutical product should be known and traceable. Traceability 

is rather straightforward for batch processes. The batch numbers for 

each of the individual components added to a batch unit operation are 

recorded. At the completion of this operation, a clear record states 

the amount of each component added and their respective batch 

numbers. In a continuous system, there is not such a clear distinction 

when components change from one batch number to another, 

specifically how and when the change at the inlet of the process 

affects the outlet. The literature available on traceability in continuous 
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Material 
Traceability in 
Continuous 
Pharmaceutical
Tablet Manufacturing
A systematic framework and software are 

needed to implement material traceability.

systems address the challenges in 

other industries, such as diary and 

food, mining, and pulp and paper 

(13–15), and although research has 

been done in developing efficient 

lot-tracing systems (16), it has failed 

to address the challenges specific 

to the pharmaceutical industry 

and its continuous processes. 

This article aims to address these 

challenges and present a framework 

for implementation of material 

traceability applicable to continuous 

pharmaceutical manufacturing.

Defining a batch and lot
The United States Code of Federal 

Regulations Title 21 presents the 

following definitions (17):

• Batch: “specific quantity of a 

drug … intended to have uniform 

character and quality, … produced 

according to single manufacturing 

order”

• Lot: “specific identified portion of 

a batch, having uniform character 

and quality, … in the case of … 

continuous process, it is a specific 

identified amount produced … 

that assures its having uniform 

character and quality …”

• Lot number: “distinctive 

combination of letters, numbers, 

or symbols, or any combination of 

them, from which complete history 

of the manufacture, processing, 

packing, holding, and distribution 

of a batch or lot of drug product … 

can be determined.”

From these definitions, the 

argument can be made that a 

continuous production run, in which 

the critical process parameters 

(CPPs) remain within a validated 

range resulting in acceptable tablet 

critical quality attributes (CQAs), 

constitutes a single batch. And as 

batches of tablet components change 

during this continuous production 

run, the lot number can distinguish 

between tablets whose components 

come from different batches. In 

the case that one component of 

the formulation changes the batch 

number, theoretically, the tablet 

quality should not change, given 

that the process conditions are 

unchanged. For material traceability 

purposes, however, the tablets 

containing raw material from one 

batch and another need to be 
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distinguished. Because this raw 

material batch change occurs during 

a single manufacturing order, with no 

changes to the process conditions, 

it is, therefore, still the same batch 

of finished drug product. However, 

the tablets containing the new raw 

material batch can be assigned to 

a separate “lot” within the current 

tablet batch, making the lot a 

“specific identified portion of a batch” 

in which the tablets contain material 

from a raw material batch different 

from the previous lot. The idea is that, 

when tablets are released,  a specific 

batch number and lot number trace 

exactly what raw material batches 

are present in the tablet. Figure 1 

graphically illustrates the difference 

in material traceability between (a) 

batch and (b) continuous processes.  

Understanding RTD
One of the technical challenges that 

must be understood to implement 

material traceability in a continuous 

system is the time it takes for a 

change in component batch number, 

which occurs at the powder feeder 

upstream, to be present in the 

tablet at the outlet of the system. 

This problem can be addressed 

by studying the residence time 

distribution (RTD) of the continuous 

system (18). By learning the minimum 

and maximum residence time of a 

component traveling through the 

system, a prediction can be made 

as to when a change in component 

batch will reach the outlet and 

when the previous batch will be fully 

cleared. There are many documented 

strategies to acquiring RTD of powder 

processes (19–21). Experimentally, 

the RTD is studied by conducting 

tracer experiments, where a pulse of 

detectable material is added at the 

inlet and its impact is measured at the 

outlet. The shape and characteristics 

of this outlet distribution contain 

important information for predicting 

the behaviour of powder during a 

component batch change.

The results from RTD experiments 

can be used to begin to understand 

how material traceability will 

be possible for continuous 

pharmaceutical manufacturing. 

From the RTD, the minimum and 

maximum residence time of each 

component, namely the time delay 

of impact at the outlet and the 

clearance time of the component, 

can be determined. The tablets 

created between these two 

times will have a mixture of the 

component’s previous batch and 

new batch and will be referred to as 

a “transitional lot.” Because the goal 

for material traceability is to trace 

component batch numbers for each 

lot of tablets, the authors propose 

assigning a new lot number every 

time the effect of a component 

batch change is predicted to affect 

the tablets at the outlet, whether 

that be the new batch being present 

in the tablets, or the old batch no 

longer being present in the tablets.

To implement such a strategy, a 

few specific determinations must be 

made. One is a feeder refill protocol, 

which must specify the amount of 

material per refill as well as what 

point triggers the refill. Also required 

is an automated plant, allowing 

for real-time data flow from unit 

operations to a centralized control 

system, which allows all process 

parameters to be stored for all unit 

operations. The residence time 

values must also be determined for 

each component in the formulation. 

The final piece of the framework 

is a software tool that manages all 

the data associated with material 

traceability. Figure 2 illustrates this 

systematic framework.

Prototype traceability 
software tool
No software tool currently exists 

for continuous pharmaceutical 

material traceability; a prototype 

was developed to illustrate the proof 

of concept. As shown in Figure 3, 

the software is responsible for all 

material traceability functionality 

and data management. It must 

receive the new component batch 

numbers and assign it to the correct 

component. It must also increment 

the tablet lot number according to 

the proper residence time value for 

the component that is undergoing a 

batch change. It is also responsible 

for updating a table summarizing 

the composition of each tablet lot 

with the correct batch number for 

each component. And finally, it is 

responsible for communicating with 

the control system, sending the 

tablet lot number in real-time for data 

storage.

One proposed solution to 

material traceability in continuous 

manufacturing is to discard tablets 

once refill occurs, and wait until the 

maximum residence time to start 

collecting tablets, thereby, ensuring 

that the tablets have components 

Figure 1: The difference in material traceability between a) batch process 

and b) continuous process. In both parts of this figure, the red component is 

used up such that a new batch of it must be used to meet the manufacturing 

demand. EX is excipient.
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with known batch numbers. This 

strategy is wasteful, potentially 

resulting in discarding over 10 

minutes worth of production, even 

though,  theoretically, the quality 

of these “transitional” tablets is not 

compromised. With a transitional 

lot assigned to tablets while a 

component is undergoing a batch 

change, appropriate testing can 

be conducted, and those tablets 

released, not discarded, if properly 

traced by the proposed framework. 

Conclusion
This systematic framework for 

implementation of material 

traceability in continuous 

pharmaceutical manufacturing 

process and the corresponding 

software prototype to automate 

the procedure are generic and 

can be applied in any continuous 

manufacturing process. The 

developed framework is 

complementary to the existing 

control platform and thus should have 

a broad application in continuous 

pharmaceutical manufacturing. This 

framework uses knowledge from 

the evolving fields in pharmaceutical 

engineering, such as experimental 

determination of residence time, 

predictive models for residence 

time of individual unit operations 

based on material properties, 

and improved unit operations for 

continuous application, to accomplish 

this necessary goal of material 

traceability. Further developments in 

these evolving fields could strengthen 

and make this framework more 

efficient. 
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Single-use systems for biopharmaceutical manufacturing offer 

advantages such as flexibility, reduced capital cost, and reduced 

water use. Single-use (i.e., disposable) components are available for the 

entire process, from storage containers to bioreactors, filtration, and fluid 

handling systems. Designing a facility and operations for fully disposable 

systems requires different considerations compared to traditional 

stainless-steel systems, however. Pharmaceutical Technology Europe 

spoke with Andrew Bulpin, head of Process Solutions at MilliporeSigma, 

which provides single-use systems (SUS), and Gene Yoshioka, senior 

director of manufacturing at Avid Bioservices, a contract development 

and manufacturing organization (CDMO) that built a fully single-use 

biomanufacturing suite in California in 2016. Avid Bioservices’ cGMP facility 

manufactures commercial and clinical biologics, and in 2017, the company 

added multiple 2000-L Mobius single-use bioreactors. Bulpin and Yoshioka 

shared some best practices for single-use facility design and operations.

Design
PTE: What are the most significant concerns when designing a fully 

disposable biopharma process? 

Yoshioka (Avid Bioservices): With fully disposable processes, 

detailed thought needs to be put into how process solutions (i.e., media 

and buffers) are transferred from one point to another. Containers used 

for single-use solution storage are limited by size and must be placed in 

relatively close proximity to the process as compared with traditional 

fixed tank stainless-steel systems. As a result, fluid management—the 

transport of hundreds to thousands of litres of solutions to a process—

becomes a labour-intensive exercise. The payoff is enhanced flexibility, 

as a single-use plant does not necessitate the extensive equipment 

infrastructure and plumbing required by a plant with fixed equipment.   

Another major difference when dealing with disposable technologies 

is the shift to relying heavily on raw material procurement and design. In 

a traditional stainless-steel plant, the focus is on equipment as the driving 

force for operations. Equipment still plays a big role in disposable plants, 

but the main systems are the single-use consumables. For example, a 

stainless-steel bioreactor is the workhorse in traditional plants, with fixed 

Jennifer Markarian

product-contacting surfaces, whereas 

in disposable plants, the product-

contacting bioreactor bag is a material. 

This difference shifts the focus more 

toward procurement and acceptance 

of consumables. In addition, when 

developing a process, bag and tubing 

assembly designs need to be thought 

through to manage a balance between 

ensuring that assemblies serve their 

function and minimizing the number of 

different designs required to complete 

a process. As a CDMO, managing 

different assemblies across multiple 

processes is crucial in reducing 

consumable costs and warehouse 

storage requirements. And especially 

with consumables having a finite shelf-

life and long lead times, managing 

inventories efficiently is a challenge. 

Bulpin (MilliporeSigma): The 

biggest concern when designing a 

fully disposable biopharma process is 

ensuring that the fluid contact materials 

of construction are compatible with the 

process and will not adversely impact 

the drug product. When sourcing 

materials from multiple suppliers, end 

users must ensure that all materials 

meet their quality requirements and 

can be interconnected as needed to run 

the process.

One of the challenges with 

operating a fully disposable 

biopharma process is supply 

security. With traditional stainless-

steel manufacturing, the number 

of consumables needed to run a 

process is limited to cell culture 

media, process chemicals, resins, 

and filter elements. Additionally, 

production plans are primarily driven 

by turnaround time, or the time it 

takes to clean and sterilize vessels 

between batches. With single-use, the 

number of consumables needed to run 

the process significantly increases, 

which makes the supply chain, 

especially procurement and inventory 

management, much more complex.

Testing
PTE: What are some of the concerns 

with testing and validating incoming 

single-use systems? 

Bulpin (MilliporeSigma): While 

regulations governing single-use 

processing have yet to be published, 

industry guidance and best practice 

recommends users confirm that SUS 

do not affect the quality, efficacy, or 
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safety of the drug product. One of the biggest challenges end 

users face is the cost associated with qualifying SUS. Due to 

the number of different components that make up single-use 

systems and the variety of different materials of construction 

of those components, a large amount of testing is required 

to ensure compatibility with process streams and conditions, 

and no adverse impact to product quality, efficacy, or patient 

safety. It benefits users to leverage similar designs where 

possible and generate a list of preferred components that 

have been previously validated to minimize additional testing. 

Users should partner with suppliers that provide robust 

documentation packages, which will increase the speed and 

decrease the cost associated with qualification. 

Prior to implementing a new SUS, users should confirm 

that the fluid contact materials of construction are compatible 

with process streams and conditions and that extractables 

and leachables levels will not be harmful to patients. Most 

SUS suppliers provide this type of data and support product-

specific testing. It’s also very important to ensure that the 

SUS performs as intended during processing. This testing is 

executed by the user as part of a performance qualification.

Once a system is qualified, users perform inspections on 

incoming lots and may perform leak testing, depending on 

the criticality of the operation in which the system will be 

used. The ongoing testing strategy should be determined 

based on a risk assessment. Evaluation of a new SUS is 

based on the material of construction and functionality 

of the system. A risk assessment should be performed to 

determine if additional testing is required, based on the 

supplier’s documentation package and historical qualification 

and use of similar systems by the user.

Yoshioka (Avid Bioservices): Testing and validating 

hardware of single-use systems is no different from the 

expectations for stainless-steel systems. There are usually 

less components to deal with in single-use systems, but the 

general approach is the same. Where the difference lies is 

with qualification of the single-use bags and assemblies, 

which not only includes testing of components, but is 

also highly dependent on qualification of the vendor itself. 

Much of the quality of single-use bags and assemblies is 

determined in the manufacturing and testing process at the 

vendor site. Users of single-use systems need to ensure that 

their vendors have appropriate controls in place to ensure 

quality of product during their manufacturing process and 

that they hold their component vendors to the same level 

of scrutiny for quality. Vendors are now working on testing 

methods that users can implement for testing large-scale 

bags just prior to use, which will significantly reduce the risk.

Facility layout 
PTE: What best practices can be used for facility layout?

Yoshioka (Avid Bioservices): Our facility layout is 

designed such that tanks of buffers, media, and solutions are 

stored outside of the core production suites. Transfer lines 

are fed through the walls via transfer panels to reduce the 

need to move tanks in and out of the processing area. This 

design also allows for organization of transfer lines, as each 

port is identified to minimize opportunity for confusion. The 

segregation of bulk liquids to a supply corridor outside the 

upstream and downstream process spaces reduces material 

and personnel traffic into critical areas, reduces equipment 

congestion in the suites, and facilitates unidirectional process 

flow, thus improving control and functional operability.

Bulpin (MilliporeSigma): The type of production and 

manufacturing process should be defined to build the right 

facility for the right use. For example, will the facility produce 

small molecules or biologics? Will production be at clinical-

scale or commercial-scale? Will the facility be multi-product 

or product dedicated? Are there plans for future expansion? 

The facility should have properly sized areas for equipment, 

people, and storage, and the layout must prevent cross-

contamination. As part of the process design, and as a best 

practice, users should layout the floor plan, using actual 

equipment dimensions. This layout can be done simply by 

using tape on the floor. This practice allows operators to 

provide input to material flows and efficiency, while also 

providing engineering with the information they need to 

best design the single-use assemblies that will be used in 

the process. The next step is to create prototypes of the 

designs and repeat the exercise, which will help identify the 

required design changes to the assemblies; identify where 

supporting brackets, tubing tracks, or organizational systems 

are needed; and assist with operator training.

One of the biggest concerns with single-use processing 

is that it is still very manual. Smart design, detailed 

standard operating procedures, operator training, and 

clear communication between production planning and 

procurement are vital to success and staying on schedule. 

Systems should be designed in such a way that they are 

effectively ‘plug and play’. PTE
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The increased market value and small batch sizes of biologics has 

led to a boom in the employment of single-use components for 

manufacturing therapeutics. The prevalence of these technologies 

within biopharmaceutical manufacturing has been widely disclosed (1).

Single-use components have gone from being niche devices used 

in upstream processing into widely deployed large-scale options 

for downstream and fill/finish operations. In the mature single-use 

market, there has been a shift from technological innovation to 

establishing the safety of the materials used in the components. 

An important aspect is how drug manufacturers qualify these 

components for use within their manufacturing processes. 

The method by which single-use components are qualified 

and validated has been a source of contention between the end 

user and supplier groups. Recently, there has been increased 

collaboration between the industry groups such as the Bio-Process 

Systems Alliance (BPSA), BioPhorum Operations Group (BPOG), 

ASTM International, the International Society of Pharmaceutical 

Engineering (ISPE), and the American Society of Mechanical Engineers-

Bioprocessing Equipment (ASME-BPE) in providing strategies on what 

determines whether a single-use component has been sufficiently 

and appropriately qualified by a vendor. Collaboration between 

these industry bodies has led to a number of benefits, as it allows 

the industry to effectively police itself by providing best practice 

approaches, which may then be incorporated into regulatory 

guidance. One example of this is that elements of the recent BPOG 

extractables standardization protocol are now being incorporated 

into a new United States Pharmacopeia (USP) chapter, USP <665> 

“Polymeric Components and Systems Used in in the Manufacturing of 

Pharmaceutical and Biopharmaceutical Drug Products” (2).

Qualification/validation 
of single-use components
While USP <665> is in the review stages, there are no regulatory 

guidance documents specific to single-use components. In the 

meantime, there are industry expectations based on documents used 

Sade Mokuolu, PhD, is 
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Fluid Technology Group.

in the medical device industry and 

guidance on good manufacturing 

practice (GMP) for ensuring the 

safety, quality, and efficacy of the 

drug products in contact with plastic 

packaging materials and container 

closure systems. 

Materials qualification should 

generate data on the safety of the 

plastics used in pharmaceutical 

manufacturing. USP <88> and 

USP <87> (3) detail a series of tests 

to demonstrate biocompatibility. 

USP <88>,  “Biological Reactivity 

Tests, in vivo,” (3) describes 

tests designed to determine the 

biological response of animals to 

elastomers, plastics, and other 

polymeric material. Tests described 

in USP <87>, “Biological Reactivity 

Tests, in vitro,” (4) are used to 

determine biological response of 

plastics in contact with cell culture. 

As detailed in USP <661.1> 

“Plastic Materials of Construction,” 

passing the biocompatibility tests 

is not sufficient for a complete 

risk assessment to be carried out. 

Understanding not just the material 

but the propensity for the material 

to leach unwanted and unknown 

chemicals into a drug product has 

been a requirement of the industry 

in recent times. This analysis has 

been principally achieved through 

extractables testing. Extractables 

are chemical compounds with the 

potential to migrate from product 

contact material under exaggerated 

conditions of time and temperature. 

Leachables are compounds that 

may migrate into the actual drug 

product under normal processing 

conditions and may be found in the 

final drug product. Leachables could 

be a subset of extractables, as long 

as the conditions used to generate 

the extractables are a reasonable 

worst case and adequately reflect 

the extremes of the process 

conditions, such as temperature, 

time, surface area to volume ratio, 

etc. Additional leachables may form 

on the reaction of an extractable 

and a drug product constituent. 

Historically, assessment of 

extractables has been determined 

using tests listed in the USP <661>. 

The primary tests were non-

volatile residue (NVR) and total 

organic carbon (TOC). NVR is the 
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determination of weight of semi-

volatile and non-volatile extractables 

after evaporation of the extraction 

fluid. TOC is a non-specific test that 

provides information about the 

amount of carbon in solution. NVR 

and TOC testing cannot determine 

the identity of any extractables. 

As analytical technologies have 

advanced, the techniques used to 

assess extractables and potential 

leachables has become highly 

developed. Newer analytical 

instruments are extremely sensitive 

and are able to detect the presence 

of compounds at levels in parts per 

million (ppm). These technologies 

are a far cry from the wet-chemistry 

tests reported in the previous 

compendia. 

Providing the level of technical/

validation data about the 

component material to the drug 

manufacturer early on facilitates 

the adoption of single-use 

technologies into drug processes 

faster. The new USP <665>—

although in draft—serves as the 

first guidance in this area, allowing 

for the alignment of supplier and 

industry expectations. 

In the draft USP <665>, one of the 

fluids recommended for extraction 

of plastic components used in the 

manufacture of drug products is a 

50% ethanol/50% water solution. 

The use of 50% ethanol solution as 

an extraction fluid could be viewed 

as a worst-case model solvent in 

comparison to the extraction ability 

of a mostly aqueous drug product.

In light of upcoming guidance, 

single-use suppliers who understand 

the challenging market and 

regulatory environment for the drug 

manufacturers and  provide the 

necessary technical data to prove 

that drug products are unaffected by 

the single-use components may be 

best placed to provide assistance for 

validation purposes.

Risk assessment of toxicity 
Risk assessment is an important 

activity to ensure that there is 

sufficient information to qualify 

the single-use fluid pathway as 

being suitable for use. Although 

the onus of this activity as detailed 

in regulatory documents is the 

sole responsibility of the drug 

manufacturer, it could be shortened 

in part by having good technical 

data provided upfront by the 

single-use vendor. Additionally, a 

degree of knowledge is required 

to understand how the data 

could be used to illustrate that 

the component material will not 

adversely affect the drug product.

In terms of risk assessment of 

extractables data, there are no 

specific limits on extractables. 

However, drug manufacturers must 

demonstrate that any potential 

leachables found within a drug 

product is at a level low enough not 

to be of safety concern over the 

duration of treatment and at the 

dosage levels that the drug product 

will be administered. 

The threshold of toxicological 

concern (TTC) is a risk assessment 

tool for evaluating substances with 

little or no toxicity data with a low 

level of exposure (5). The TTC was 

developed to provide an acceptable 

intake of any unstudied chemical that 

poses a negligible risk of carcinogenic 

effects or toxicity. For the assessment 

of acceptable limits of mutagenic 

impurities in drug substances and 

drug products, a value of 1.5 μg per 

day has been set as an arbitrary 

limit. This corresponds to a 1 in 105 

increased likelihood of cancer due to 

the presence of genotoxic impurity 

in a drug product. However, this level 

is associated with a lifetime dosing 

regimen of the drug product. The 

International Council for Harmonisation 

has established limits based on less-

than-lifetime dosages (6).

A small group of compounds, 

however, are known to be highly 

potent mutagens even at very small 

concentrations; it is not possible 

to risk assess these particular 

compounds. Compounds such 

as N-nitrosamines, aflatoxin-like 

compounds, azoxy-like compounds, 

dibenzodioxins, and dibenzofurans 

are excluded from the TTC approach. 

For these highly potent compounds, 

the best form of control is to ensure 

that they are not present in the 

materials used in single-use systems 

by knowledge and control of the 

materials supply chain. 

Conclusion
As described above, risk assessment 

to determine the material safety 

can be complex when looking at 

single-use systems comprising 

of several different materials. 

Often, the supplier may be best 

placed to offer information on the 

component materials in order for 

the drug manufacturer to make 

an assessment that there are no 

compounds of a safety concern or 

that the extracted compounds are of 

a low enough concentration not to 

pose any risk. 

For the validation and 

qualification of the disposable 

equipment, adequate risk 

assessment and risk mitigation 

approaches are the only way 

to ensure that global adoption 

of single-use systems and 

hybrid facilities continues at its 

accelerated pace. The overarching 

goal is that well-qualified 

manufacturing systems can only 

lead to benefits in the availability of 

safe medicines for patients.
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Counterfeit pharmaceuticals continue to threaten public health 

and safety.  The International Criminal Police Organization 

(Interpol) estimates that counterfeit drugs cause more than one 

million deaths per year (1). While governments explore fundamental 

solutions to the problem, pharmaceutical manufacturers are 

fighting this threat to their customers and brands through 

serialization and the use of anticounterfeiting technology. 

Several years ago, for example, Eli Lilly invested $110 million 

on serialization and anticounterfeiting measures such as colour-

shifting inks and distinctive tablet shapes and colours, for its widely 

copied Cialis, Cymbalta, and Zyprexa brands (2,3). 

Merck KGaA is using pigments in its Security-M labels, which are 

added to product packaging, allowing products to be identified and 

authenticated. It also offers CheckMyMeds, an app for patients that 

lets them verify barcodes on medications before taking them (4).

Counterfeiters, however, continue to improve their packaging 

and “manufacturing,” too, so the fight against them shows no signs 

of abating. The search is on for technologies that counterfeiters 

cannot hack. This article describes the scope of the problem 

and highlights some research in areas that could be applied to 

personalized medicines as well as analytic testing and forensics. 

Counterfeiting and drug 
diversion continue to increase
In 2017, the Pharmaceutical Security Institute (PSI) documented 

a rise in drug diversion incidents around the world, including 

diversion of medicines provided under compassionate use or 

“named patient” programmes and purportedly from trusted 

countries, says PSI director Tom Kubic. In addition, in 2017 more 

counterfeit pharmaceuticals were able to reach the legitimate 

supply chain in Europe, Kubic says. Tablets and capsules remain the 

most widely imitated dosage form.

Policing efforts have claimed some important victories, most 

notably Operation Pangea VIII in 2017, which involved Interpol, 

the World Customs Organization (WCO) and customs and security 

Agnes Shanley

forces in more than 115 countries, 

and the US Food and Drug 

Administration (FDA). The effort 

resulted in the seizure of more than 

65 million Euros worth of counterfeit 

medicines and medical devices 

and the shutdown of 2400 illegal 

websites in 2017 (5). 

A final, formal report on Pangea 

VII is still being drafted, Kubic says. 

He notes that Pangea’s scope 

included counterfeit medical 

devices for the first time in 2017. 

“Interpol’s successful coordination 

of the global enforcement effort 

against illicit medicines, such as 

the Pangea operations, illustrates 

its ability to overcome significant 

challenges. Its partnership with 

WCO serves as an exemplary model 

of cooperation, and they deserve 

credit for helping to protect the 

safety and well-being of patients 

around the world,” says Kubic.

According to PSI data from 2016, 

posted directly on the organization’s 

website, www.psi-inc.org, 3147 cases 

of pharmaceutical counterfeiting, 

theft, and diversion were reported, 

up 5% from 3002 in 2015, and 2177 in 

2014. Of these incidents, 520 resulted 

in either raids or customs seizures.  

However, seizures fell by 45% 

between 2015 and 2016, according 

to PSI data. In 2016, 38% of seizures 

occurred at commercial facilities, but 

46% were noncommercial.  

Arrests fell in 2016
The five most frequently 

counterfeited therapies were 

genito-urinary medications, 

anti-infectives, central nervous 

system treatments, hormones, 

and cytostatic drugs, according 

to PSI.  In addition, 1258 people 

were arrested for counterfeiting 

and diversion, down 9% from 2015, 

according to PSI data.  

Anticounterfeiting needs 
to be approached from 
multiple points of view: 
that of the manufacturer, 
that of distributors and 
healthcare providers, and, 
most importantly, that of 
the patient. Efforts are 
continuing on all fronts.
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In the United States, meanwhile, 

the opioid addiction crisis has 

brought increased levels of 

counterfeit opioids, especially 

fentanyl, into the supply chain, 

blurring distinctions between 

illegal street drugs and counterfeit 

pharmaceuticals. Fentanyl follows 

the historical tradition of a 

legitimate therapeutic eventually 

becoming a street drug. This first 

happened with Merck’s morphine, 

then with heroin, which Bayer 

introduced as a synthetic and 

(so the company thought) non-

addictive treatment for opium 

addicts. 

From addiction 
treatment to street drug
This same pattern was later seen 

with Purdue Pharma’s oxycodone, 

and has repeated with fentanyl, a 

synthetic pain reliever originally 

developed under a Janssen patent, 

that is 50 to 100 times more potent 

than morphine (6). 

The PSI has noted a shift in 

counterfeit fentanyl manufacturing 

to the US, and an increase in illicit 

imports of equipment such as tablet 

presses as well as other formulating 

ingredients into the US. In 2016, 

customs officers seized 440 pounds 

of fentanyl, up from two pounds in 

2013, also seizing increased volumes 

of its precursors N-Phenethyl-4-

piperidinone (NPP) and N-phenyl-

1-(2-phenylethyl)-4-piperidinamine 

(ANPP). 

In addition, customs confiscated 

58 pill pressing and tabletting 

machines in 2016, up from 24 in 

2014 (7).But, on the government 

level, some believe that light 

penalties fail to deter counterfeiters, 

and argue that too much of the 

responsibility for preventing product 

diversion and counterfeiting has 

shifted to the manufacturer. 

Serialization issues
Legislation such as the EU Falsified 

Medicines Directive (FMD) and the 

US Drug Supply Chain Security Act 

(DSCSA) require that manufacturers 

identify pharmaceuticals at the 

unit package level, as a first step to 

establishing full product traceability 

within the supply chain, to prevent 

pharmaceutical counterfeiting. 

However, the cost and effort 

required is considerable. 

As Price Waterhouse Cooper 

(PwC) analysts have noted, 

compliance with the FMD alone 

has already cost manufacturers 

500 million Euros (2). A PwC survey 

of 38 senior pharma executives 

in 2017 found a disconnect. Most 

respondents said that they were 

satisfied with their companies’ 

supply chain integrity protection 

methods, yet acknowledged that 

extra steps would be needed to 

protect product from counterfeiting 

(2). These findings, according to 

PwC, suggest the need for more 

incentives to invest in the required 

technologies. 

Today, one year before the FMD 

deadline and nearing the extended 

DSCSA deadline, a number of 

manufacturers and their contract 

partners have not even begun 

serialization efforts. Efforts such 

as the Open SCS working group are 

underway to simplify and reduce 

the IT costs for serialization and 

traceability efforts (8).

Uneven progress 
with serialization
In the end, more collaboration will 

be needed between governments, 

law enforcement agencies, and 

manufacturers. Some governments 

don’t treat counterfeiting as 

a national healthcare issue 

but instead believe that the 

industry needs to solve and pay 

for the solution, notes Charlie 

Gifford, technical director of the 

Open-SCS working group. “Merely 

implementing a data-collection 

system will not be enough.  The data 

must be used and organizations set 

up to follow up on counterfeiting 

incidents. In addition, laws 

need to reduce the incentive for 

counterfeiting by exacting harsher 

penalties,” he says.

Anticounterfeiting is challenging 

because it needs to be approached 

from three different perspectives 

and lines of attack—from the 

point of view of the manufacturer, 

distributors and healthcare 

providers, and the patient, says Jay 

Kennedy, assistant professor with 

the University of Michigan’s Center 

for Anticounterfeiting and Product 

Protection (CAPP). 

More education is needed for 

healthcare providers, Kennedy 

says, to ensure that they do not 

buy medications from unauthorized 

sources. But education is most 

crucial for consumers, and the 

lure of lower costs is hard to 

counter when addressing online 

pharmaceutical sales, he says. In 

addition, quick response (QR) codes 

and the other technologies that are 

being used for anticounterfeiting 

can be daunting for some consumer 

groups, including senior citizens. 

New technology 
is on the way
Technology already exists to 

improve manufacturers’ response 

to counterfeiters. Taggants, 

packaging and bottle designs, 

inks, and labelilng are all being 

improved. In the taggants area, for 

example, TruTag’s platform was 

selected for use in nutraceuticals 

and health products by the Daily 

Wellness Company. Products will 

be tagged to enable their detection 

and authentication throughout 

the supply chain. The company 

has also partnered with Sumitomo 

Corp. of America, which is investing 

in its technology, to develop its 

platform for various applications, 

including those in pharmaceutical 

manufacturing (9). 

Taggants gain ground
Applied DNA Technologies, 

meanwhile, has expanded its global 

operations with a new test lab in 

India. The company has also been 

selected by TheraCann International 

Benchmarks to develop its SigNature 

molecular tracking system for use 

in the tracking and tracing of legal 

cannabis for medical use (10).

In 2017, the plastics manufacturer 

Clariant introduced Plastiward, 

a system that uses covert 

taggants developed by SICPA 

SA, to provide an integrated 

plastic-based anticounterfeiting 

Counterfeit fentanyl 
manufacturing has led 
to an increase in illicit 
imports of tablet presses 
into the US.
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technology that can be used in 

pharmaceutical packaging or 

placed within a medical device. The 

taggant is incorporated either as a 

masterbatch form or as a finished 

polymer compound. Through 

the supply chain, the tagged 

product could be detected and 

authenticated using a monitoring 

system developed by SIPCA (11).

Innovations in the works
New approaches are also in the 

works that will be nearly impossible 

to duplicate, says Kennedy. Many of 

these will be especially useful for 

personalized medicine. He points to 

a new DNA tagging system (12) now 

in the early conceptual stage, which 

is being developed by University 

of Michigan professor Evangelyn 

Alocilja. In this approach, a strand of 

DNA would be attached to a product 

and a sequence would be coated 

with a material that would allow it to 

be seen with a light emitting diode. 

The strand would allow users 

to identify product information, 

manufacturing data, and chain-

of-custody information on that 

product, and would cost less 

than a penny per item to use, the 

researchers say. 

At the University of Copenhagen 

and Finland’s Abo Akedemi 

University, researchers are looking 

into the use of ink jet printing to 

make edible dosage forms in a QR 

code that the patient would simply 

ingest. APIs would be placed in the 

ink in the pattern of the code, and 

dosage form would look like a code 

on a substrate. Not only could this 

approach lend itself to point-of-use 

manufacturing, but it could prevent 

product diversion, tampering, and 

counterfeiting (13).

Analytical approaches
Other advances are focusing on 

analytical measurements that 

would aid in the forensic detection 

of counterfeit pharmaceuticals 

within the supply chain. One 

effort is focusing specifically 

on measuring the surface gloss 

of tablets. It uses diffractive 

optical element-based sensors 

to inspect the surface porosity 

of flat, two-phase tablets. 

Researchers used lab-based and 

handheld gloss meters as well as 

an optical profilometer to study 

the surfaces of commercially 

available tablets, contrasting 

measurements from authentic and 

counterfeit antimalarial tablets. 

Gloss values and surface roughness 

measurements between the two 

groups were substantially different, 

suggesting that the method could 

be used for quick inspection and 

field screening of fake tablets (14). 

At Sao Paulo State University in 

Brazil, researchers are evaluating 

the use of matrix-assisted laser 

desorption and ionization (MALDI) 

mass spectrometry to detect 

counterfeit dosage forms of all 

types. Researchers report that 

the technique simplifies analysis, 

speeds detection, and minimizes 

sample preparation (15).
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Regardless of the phase of development and the level of GMPs being applied, 

there should be adequate controls and knowledge to assure patient safety, 

according to Susan Schniepp, fellow at Regulatory Compliance Associates.

Q.I work in the quality and regulatory departments of a

contract manufacturer. We have clients with products

in various stages of development that are using multiple con-

tracts with multiple services providers for various stages of 

the manufacturing process. I always struggle with knowing 

which level of current good manufacturing practices (cGMPs)

apply to different development stages. Can you provide some 

guidance on this point?

A.In today’s pharmaceutical environment, it is not 

uncommon for more than one company to be involved 

in the development of a product. Virtual companies may use

the services of a contract laboratory, a contract manufacturer,

a contract research organization (CRO), etc., to develop their 

products from conception to market approval. Some of these

relationships can be complex, so it is important for every 

organization involved in the drug development process to be

familiar with what the applicable GMPs are and at which stage 

of the development process they apply (1–4).

Areas to be reviewed to determine the appropriate level of 

control needed in concert with the phase development stage

include: level of validation of test methods, level of detail 

needed in batch records, level of control needed on incoming

materials, and facility and equipment controls. An example 

is qualifying raw materials. In Phase I/II of the development

process, you may only decide to document the source and

quality of the material used to produce the product; when

you enter into Phase III you will want to qualify your supplier 

and establish a quality agreement in addition to the material

qualification.

Although not all GMP requirements apply to products in the 

early stages of development, the requirements for change

control and deviation investigation should be robust and

utilized at all stages of product development. The information

documented in change control and as part of an investigation

helps ensure that process improvements are efficient and

do not repeat strategies that were discounted during earlier

stages in the development process. It also helps to capture

the product and process history needed in the later phases of 

development for the process validation activities.

To determine the impact of the deviation on the product 

quality, it is important to determine the ‘root cause’ of the

deviation. The process used in the industry to determine

root cause is, of course, the investigation procedure. This

procedure, regardless of whether the product you are

investigating is biotech or traditional, or new or old, should

require the investigator to review various systems and

determine whether they were the cause of the deviation 

being investigated. This concept is important because of the

aforementioned possibility that more than one company is 

involved in the product development. When more than one

company is involved, there is a necessity for technology 

transfer (5,6). Without a robust and transparent exchange

of information, the technology-transfer activity has the 

potential to be frustrating and delayed while people try to find

a common understanding and locate necessary information 

crucial to the success of the drug development process. It is 

important to keep in mind that change control and deviations

are critical elements for ensuring product quality and patient 

safety regardless of the stage of development a product is at

in the product lifecycle.

The criticality of an efficient change-control system that

can track and ensure proper evaluation and implementation 

of changes should be obvious at all stages of product 

development. As a change becomes more complex (e.g., 

a change that involves multiple products and country 

registrations), it becomes harder to implement. Complex

changes are difficult enough for a single company with 

multiple sites, but they are even more exaggerated for virtual

companies. For the latter, multiple contract service providers 

are often involved and each one has its own processes and 

procedures for managing a requested change.

The time required to transfer, validate, train, and obtain

regulatory approval for multiple products requires enormous

coordination. It is important to keep in mind that as the 

complexity of the change increases, the need for additional 

resources can also increase. The complexity of the change

can impact the strategies for implementation, the tactics 

needed to effectively implement the change, and the time

it takes for a change to be approved. At the same time, drug

license holders will need to establish consistency in their

regulatory filings without affecting product quality. When

dealing with this change, focus on the steps needed to 

effectively implement the change. Working closely with your 

CMO/CRO to identify an accurate timeline for completion, 

including the necessary training required for employees,
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can help expedite the time it takes to complete the change 

request. Coordinating these activities with regulatory 

requirements also will help ensure necessary changes are 

implemented globally in an efficient and effective manner 

throughout the product lifecycle.

Applying the correct level of cGMPs to the product 

development stage is really a matter of common sense. 

The earlier the product phase is, the more flexible your 

requirements. As the product approaches Phase III, the board 

requirements should mimic commercialization requirements. 

The concept is the GMPs applied should be appropriate to the 

stage of development and that ‘full GMPs’ should be in place 

during the later stages of clinical development where the final 

safety and efficacy of a product are being established. Keep 

in mind that regardless of the phase of development and the 

level of GMPs being applied, the first and foremost thought 

when releasing product at any stage for human consumption 

is: are there adequate controls and knowledge to assure 

patient safety?

References
 1. USFDA, INDs for Phase 1 Studies of Drugs & Biotech Prod-

ucts, November 1995, www.fda.gov/cder/guidance/phase1.
pdf  

 2. USFDA, Draft Guidance:  INDs–Approaches to Complying 
with CGMP’s for Phase 1 Drugs (CDER, CBER, 6 Jan. 2012)

 3. USFDA, INDs for Phase 2 and Phase 3 Studies: Chemistry, 
Manufacturing and Controls Information, May 2003, www.
fda.gov/cder/guidance/3619fnl.pdf

 4. European Commission, EU GMPs, EudraLex, Volume 4 
Annex 13, http://ec.europa.eu/enterprise/pharmaceuticals/
eudralex/homev4.htm

 5. EC, EudraLex, The Rules Governing Medicinal Products 
in the European Union, Volume 4, EU Guidelines to Good 
Manufacturing Practice, Medicinal Products for Human and 
Veterinary Use.

 6. USFDA, Guidance for Industry, Contract Manufacturing Ar-
rangements for Drugs: Quality Agreements (CDER, CBER, 

CVM, May 2013).  PTE

Ad Index
COMPANY PAGE COMPANY PAGE

Catalent Pharma Solutions .................................................................. 52

Constantia Flexibles International GmbH ........................................... 33

Dr Paul Lohmann GmbH Kg ................................................................. 19

Eurofins Lancaster Laboratories ......................................................... 23

OSIsoft UK Ltd ..................................................................................26–27

Panreac Quimica Sa ..............................................................................43

Patheon Pharmaceuticals Services Inc ........................................ 10–11

PDA Europe .............................................................................................. 2

Shimadzu Europe .................................................................................. 51

Starna Scientific ....................................................................................... 9

Veltek Associates Inc ................................................................7, Outsert

ask the expert

Although not all GMP 
requirements apply to 
products in the early 

stages of development, 
the requirements for 
change control and 

deviation investigation 
should be robust and 

utilized at all stages of 
product development.

http://PharmTech.com/
https://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm071597.pdf
https://www.fda.gov/downloads/Drugs/Guidances/ucm070567.pdf
https://ec.europa.eu/health/sites/health/files/files/eudralex/vol-4/2009_06_annex13.pdf


Tried and trusted
Robust and reliable instrumentation for high-speed, high-resolution analysis

www.shimadzu.eu /nexera-xr

The Nexera XR modular UHPLC system com -
bines the flexibility clients need with the 
reli ability they want. Tried and trusted high
performance modules provide the optimum
system for analytical challenges in pharma-
ceutical and environmental indus tries as well
as in biochemistry, chemistry and the food
market.

On the safe side
with the 660 bar Nexera XR all-round system 
reliably providing accurate data, always

The flexible choice
enables configuration of customized systems
to meet specific application requirements 

The sensible option
offers a choice of detectors providing 
excellent sensitivity, baseline stability and
reproducibility

http://www.shimadzu.eu/nexera-xr
http://www.shimadzu.eu/


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

˝ 2017 Catalent Pharma Solutions. All rights reserved.

early development 

your molecule 
has potential.  
our passion 
is to help you 
start smart and 
move faster.

broad early development offerings: 

solubility screening for candidate selection

dmpk modeling

api optimization

solid state services

preformulation testing

bioavailability enhancement

glp formulations

As the #1 global leader in drug development, we have the 

passion to help you start smart and get to clinic faster. Selecting 

the right molecule, understanding its challenges, and applying 

the right formulation technology early, are the keys to success. 

Give your molecule its best chance! Catalent can design a 

customized accelerated program based on deep experience 

across hundreds of development programs, broadest technology 

portfolio, strong analytics and integrated manufacturing.

pre 

clinical

bioavailability 

solutions

phase 1 

material

candidate 

selection

optiform‰ solution suite
One accelerated, flexible, and data-driven solution combines 

all analytics, services and materials your molecule needs from 

candidate selection into Phase 1.

http://www.catalent.com/
http://catalent.com/optiform


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[PDF/X-1a:2001]'] Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




