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The European Union’s medicines agencies, coordinated by 

the European Medicines Agency (EMA), are currently put-

ting a lot of effort into establishing an international platform 

for the improvement of good manufacturing practice (GMP) 

and other quality standards. A cornerstone for this drive is 

a mutual recognition agreement (MRA) on GMP inspections 

between the EU’s 28 member states and the United States, 

which started coming into operation in late 2017 and is due 

to be fully implemented in 2019. The agreement is gradually 

coming into force with the help of a close working relation-

ship between the EU medicines agencies and the Geneva-

based Pharmaceutical Inspection Co-operation Scheme 

(PIC/S). Both have collaborated together with the Canadian 

medicines agency, Health Canada, to develop similar guides 

for evaluating the competency of inspectorates.

PIC/S was set up in 1995 as a co-operative arrangement 

between the inspectorates of regulatory authorities to 

harmonize GMP inspection procedures. Approximately two 

thirds of its 52 participating authorities come from Europe, 

most of them from the EU. The overall objective of PIC/S is 

the harmonizing of inspection procedures worldwide through 

key groups such as the EU’s inspectorates as well as through 

guidance documents and training programmes for inspectors. 

In fact, the only major European country that is not yet a 

member of PIC/s is Russia. But even Russia may soon be 

joining because it has started the pre-accession procedure for 

becoming a member. 

PIC/S participants, all with GMP inspection systems of 

equivalent competence, share the objective of spreading 

uniformity in inspection and other quality standards in their 

own regions and across the world. The EU–US MRA is an 

important landmark in this endeavour because it means 

that, with Canada also having a GMP inspections MRA 

with the EU, there is now trans-Atlantic harmonization of 

inspection standards.

Mutual recognition of inspection competence

The mutual recognition deal with the US comes fully into force 

once the US Food and Drug Administration (FDA) recognizes 

that all the EU’s national competent authorities (NCAs) with 

responsibility for inspecting pharmaceutical plants have equiv-

alent inspection standards to those in the US. FDA started 

bringing the MRA into operation in November 2017 after it 

confirmed the capability of eight EU member states agencies 

to carry out GMP inspections at the level equivalent to that in 

the US. The EU countries—Austria, Croatia, France, Italy, Malta, 

Spain, Sweden, and the United Kingdom—were the first 

foreign states to have their GMP inspection competence 

mutually recognized by FDA. The confirmation of equivalence 

in these EU states came four months after the European 

Commission decided, after an audit in the US, that FDA had 

equivalence to EU inspection standards (1) and eight months 

after the signing of the agreement in early November 2017 (2). 

In March 2018, FDA announced it had recognized the 

inspections capabilities of four more EU states—Czech 

Republic, Greece, Hungary, and Romania (3). 

All FDA’s assessments and approvals of the EU’s 

remaining agencies will have to be completed by a deadline 

of 15 July 2019 so that the MRA can be fully implemented 

across the EU (2). Then the major benefits of the MRA—

a big reduction in duplication in inspections in the US and EU 

and a channelling of more resources into GMP inspections of 

high-risk plants outside Europe and North America—should 

start to become clearer. 

Joint audits

A key role in FDA’s assessments of EU national agencies is 

played by the joint audit programme (JAP) under which teams 

of EU inspectors regularly audit the inspection capability of 

individual agencies. The JAP is part of the work of the GMP/

GDP Inspectors Working Group, which, though supported by an 

EMA-run secretariat, reports to the heads of medicines agen-

cies (HMA), representing the national regulatory authorities. 

FDA has been attending JAP audits of individual member 

states agencies as an observer. The JAP auditors use an 

evaluation guide virtually identical to the joint reassessment 

programme (JRP), which is PIC/S’ own joint auditing scheme. 

Both guides apply a basic auditing tool developed by Health 

Canada. This guide has been adapted to EU legislation, the 

legal needs of the three non-EU states in the EU medicines 

approval network, PIC/S itself, and MRA audit programmes. It 

was the confidence of FDA—a PIC/S member itself since 2017 

after a five-year accession process—in the JAP that is laying 

the foundations for its approval of the inspection systems of all 

EU states. 

Harmonizing GMP Inspections

PIC/S participants 
share the objective of 

spreading uniformity in 
inspection standards. 

The European Union is collaborating with the Pharmaceutical Inspection 

Co-operation Scheme to develop similar guides for evaluating inspectorates’ competency.
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“The FDA’s assessment of EU member state authorities is 

predominantly based on observing the [JAP] audits,” said Ian 

Rees and Mark Birse, two inspectors at the UK Medicines and 

Healthcare products Regulatory Agency (MHRA), in a joint blog 

in November 2017 (4). Birse led and Rees was a member of the 

EU team that audited the FDA inspection capabilities under the 

terms of the MRA in 2017. 

Implications of Brexit

The Compliance Group that runs the JAP and is chaired by 

Rees “has been managing a demanding programme in order 

to meet the challenging reporting deadlines set out in the 

mutual recognition agreement so that FDA could assess the EU 

authorities” by the scheduled completion date, the blog added 

(4). The deadline for the completion of the assessments will 

come a few months after the UK is due to leave the EU on 29 

Mar. 2019. Brexit could cause problems with the UK’s 

participation in the EU–US MRA, but also, even more 

significantly, its position in the mutual recognition system that 

covers the whole of the EU and in which the MHRA’s expertise 

has been an important contributor to its success. 

The UK and US may have to negotiate an MRA that would 

be separate to the EU–US agreement but probably identical. 

An MRA between the UK and the EU on GMP inspections will 

be more complicated because it is likely to have to be part of 

a free-trade agreement between the two. This agreement is 

scheduled to be thrashed out during a transition period to the 

end of 2020 to allow full implementation of an EU–UK Brexit 

agreement. Both sides will be anxious to avoid differences that 

could undermine current efforts to harmonize GMP inspection 

standards, especially through collaboration with PIC/S.

Uniformity between EMA and PIC/S guidelines on GMP has 

been coming under pressure, mainly because of divergences 

resulting from additions and alterations generated by the EU’s 

relatively busy programme for making GMP improvements. The 

EU has tended to make changes to its own guidelines without 

synchronizing with PIC/S.

According to the 2018 work plan (5) of the GMP/GDP 

Inspectors Working Group, the group is or will be preparing 

new GMP or quality guidance covering imported medicines, 

pharmaceutical quality systems, a risk-based approach to 

medicine shortages, data integrity, computerized systems, 

sterile drugs, finished dosage form manufacturing, and 

lifecycle management.

Disputes on ATMP guidance

A major split opened up in 2017 between the European 

Commission, which is ultimately responsible for GMP 

guidelines, and PIC/S over a new EU stand-alone GMP guide (6) 

on gene and cell therapies and tissue-engineered treatments 

or advanced therapy medicinal products (ATMPs). The guide, 

based on amendments to two annexes of the EU GMP guide, is 

due to come into force in May 2018.

In a letter (7) sent to the European Commission, the 

organization warned “about the impact on public health and 

the safety of patients that the [EU] ATMP GMP guideline would 

cause.” The letter protested that as a result of “lowering the 

GMP requirements for ATMP,” the PIC/S and EU GMP guide 

would “no longer be equivalent” after nearly 20 years of 

being developed in parallel and on the basis of a harmonized 

consultation procedure. The decision to amend the existing 

guidelines was “a serious setback in terms of co-operation 

between the EU and PIC/S” and will “add barriers in the field 

of GMP and make harmonization efforts more difficult,” 

the letter said. PIC/S has acknowledged that the European 

Commission dealt with some of its worries before finalizing 

the guidelines, but that it still had a “number of serious patient 

safety concerns.”

The dispute, unless resolved, could have implications for 

countries that require medicine manufacturers to comply with 

both sets of GMP guidelines. Switzerland, which is a not an EU 

member but whose Swiss Agency for Therapeutic Products 

(Swissmedic) is a participant in PIC/S, stipulates, for example, 

compliance with the two guidelines. Swissmedic issued a 

statement (8) in February 2018 saying that where there are 

discrepancies between the two guidelines, “compliance with 

both sets can in fact only be guaranteed if the more stringent 

requirements of the two are observed.”

The statement does not mention the EU ATMP guideline, 

referring only to the need to comply with an EU GMP 

update on avoidance of contamination risks because it is 

in line with current state of science and technology. In the 

light of the Swissmedic’s clarification, it would appear that 

drug companies will have to follow the stricter PIC/S code 

on ATMPs. Compliance to the stricter code could have 

repercussions for pharmaceutical companies in Switzerland, 

which is a centre for the development and production of 

advanced medicines. It could also be a hindrance to moves in 

Europe to harmonize GMP inspection standards because these 

standards are based on GMP codes. 

References
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Scott Gottlieb has seen a whirlwind of activity since 

taking the helm of the United States Food and Drug 

Administration (FDA) in May 2017. He blasted brand 

manufacturer “shenanigans” for blocking generic-drug 

development and cited “pernicious” rebating schemes 

that expose consumers to high out-of-pocket costs for 

medicines. To help mitigate the nation’s deadly prescription 

drug epidemic, he has backed policies to reduce opioid 

prescribing and to develop less addictive pain treatments. 

And to continue last year’s notable gains in bringing 

important new drugs and gene therapies to market, Gottlieb 

has promoted innovative clinical research methods and 

other strategies to make drug testing more efficient. 

The commissioner also told Pharmaceutical Technology 

Europe that he is revving up FDA efforts to encourage industry 

conversion to advanced manufacturing systems able to scale 

up quickly to address public health issues. New policies to 

ensure quality manufacturing can facilitate the development 

of competitive biosimilars and prevent shortages of critical 

medicines to protect public health. 

These and other initiatives have quieted critics on all sides. 

Democrats initially feared an industry bias but have been 

impressed by the commissioner’s criticism of drug pricing and 

his campaign to reduce nicotine in cigarettes. Republicans 

hoping for a free-market deregulator admire his efforts to 

combat opioid abuse and his support for innovation to speed 

new medicines, devices, and diagnostics to patients. Certainly, 

many of Gottlieb’s initiatives are not new and reflect years of 

hard work by FDA’s professional staff. But vocal support from 

the commissioner has accelerated action on many fronts. 

A clear achievement is a proposed $400-million (€334 

million) boost in FDA’s budget for 2019, as compared to the 

administration’s plan to cut agency appropriations by $700 

million (€585 million) a year ago. The commissioner has gained 

support for FDA in Congress, which helped enact crucial user 

fee reauthorizations last year and blocked the Department of 

Defense from taking control of approving new treatments for 

the military. FDA also negotiated some modifications in “right-

to-try” legislation to lessen its erosion of the FDA approval 

process and maintain patient protections. 

Advancing quality

To convince the legislators to approve FDA’s new budget plan, 

Gottlieb outlined proposals for utilizing added resources (1, 

2). Several initiatives advance the testing and production of 

new therapies, including greater use of real-world evidence 

and knowledge management systems to facilitate regulatory 

decisions, particularly for new treatments for rare diseases. 

FDA also highlights the importance of modernizing drug 

manufacturing in proposing to spend $35 million (€29 million) 

to produce novel technologies, vaccines, and personalized 

medicines more reliably and at lower cost. Gottlieb now sees a 

convergence in regulatory resources, industry frustration with 

traditional production methods, and wider availability of new 

technology to advance more reliable and flexible advanced 

and continuous manufacturing systems. 

“We’re now at a tipping point,” says Gottlieb. The agency 

will develop further guidance and standards to reduce 

uncertainty for industry in adopting high-technology platforms. 

And more highly trained field investigators will inspect for 

quality and those aspects of manufacturing that create risks, 

Gottlieb explains, and move away from a checklist system for 

uncovering violations. Further innovation may come from FDA 

funding of advanced manufacturing R&D projects to assess 

new quality manufacturing and analytical methods (3). 

This focus on quality manufacturing fits well with Trump 

administration efforts to encourage “re-domesticating some of 

the manufacturing that has moved overseas,” Gottlieb explains. 

He notes that high-quality, small-footprint manufacturing 

platforms have lower labour costs more suited to US operations. 

Advances in how FDA oversees medical device production 

similarly bolsters a “bring medtech manufacturing home” 

initiative that encourages firms to re-tool manufacturing 

processes in the US. And streamlined oversight of software-

based devices aims to lower the time and cost of market entry. 

FDA also seeks to build the largely domestic pharmacy 

outsourcing industry through clearer manufacturing standards 

and policies. And more modern production methods for 

Gottlieb Tackles Tough 

Issues in First Year at US FDA

Innovation may come from 
FDA funding of advanced 

manufacturing R&D 
projects to assess new 

quality manufacturing and 
analytical methods.

US FDA’s commissioner addresses opioid abuse, drug costs, and manufacturing quality.
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US REGULATORY WATCHH

biologics are on the agenda to improve the agility, flexibility, 

and reliability of manufacturing processes for vaccines and cell 

and gene-based therapies. In the wake of this year’s severe 

influenza outbreak, Gottlieb has urged shifting from an egg-

based to cellular system for seasonal flu vaccines, along with 

efforts to develop a universal influenza vaccine to provide 

multi-year protection, and ensure US access to vaccines to 

protect against a pandemic. 

More advanced manufacturing methods also support more 

reliable production of biosimilars. Gottlieb plans to issue new 

guidance documents on reducing lot-to-lot variability over time 

for biologics by utilizing new tools better able to identify where 

lot variation raises potential risks to patients, along with more 

standard reference products that are easier to test and copy 

as biosimilars. 

Challenges ahead

Despite a year of considerable success in broadening support 

for FDA initiatives and policies, the commissioner shows no 

sign of slowing down. He continues to tackle controversial 

issues, such as limits on flavoured nicotine products, oversight 

of independent testing labs, and programmes to limit food 

contamination outbreaks. The commissioner has emphasized 

the importance of promoting vaccination rates, despite 

continued opposition from vaccine deniers. And in a another 

speech, he outlined plans to implement nutrition labelling 

standards and menu disclosures, which Gottlieb considers key 

to improving public health (4). 

FDA also faces numerous deadlines for implementing key 

provisions of the 21st Century Cures legislation, including 

policies to support regenerative medicine and to speed 

the development of new cancer therapies, personalized 

medicines, and gene therapies. At the other end of the 

spectrum is a press for more efficient oversight and approval 

of over-the-counter medicines through a new user-fee 

programme. And transparency remains a thorny issue, as 

FDA supports wider disclosure of data and analyses related 

to regulatory, safety, and enforcement decisions. Yet 

proposals for release of complete response letters remain on 

hold, as industry seeks to keep confidential certain regulatory 

decisions. 

Combating the opioid epidemic is a prime challenge. While 

FDA supports the development of safer and more effective 

pain therapies and treatments for substance abuse and 

is re-examining the safety of abuse-resistant products, 

physicians are pushing back on proposals to limit opioid 

prescribing. FDA has gained added funds to expand its 

capacity to block imports of unlawful controlled substances 

at the border, and new legislation may strengthen its 

authority to require small-dose packaging of opioids and to 

remove from the market approved pain medicines found to 

raise safety issues. 

Gottlieb plans to remain a visible advocate for lower 

drug prices, anticipating a continued roll-out of incremental 

changes to create a more competitive prescription drug 

market place. He has loudly criticized drug reimbursement 

and coverage policies for limiting consumer access to drugs, 

including a “rigged payment scheme” that blocks biosimilars, 

and suggested that FDA may be more flexible in setting 

standards for demonstrating product interchangeability (5). 

The commissioner’s concerns about the high cost of 

medicines reflect his own experience as a physician and 

seeing ill patients “struggling very hard at the worst moments 

in their lives” to try to afford drugs that are “absolutely 

indicated for their disease.” He wants to be sure “that in my 

time here at FDA, I do something to address that.” 
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CDMOs Driving Emerging 
Bio/Pharma Success
CDMOs can claim credit for the robust growth of emerging bio/pharma financings.

Emerging bio/pharmaceutical companies are going 

through an unprecedented period of opportunity 

and growth and have contract development and 

manufacturing organizations (CDMOs) to thank for 

much of their good fortune.

Bio/pharma companies that are dependent on 

external funding have never enjoyed such a sustained 

period of funding support as they are now. Analysts 

who track the industry expect 2018 to be the sixth 

straight year of substantial new investment in 

emerging biopharma companies from venture capital, 

public markets, and partnering. Funding for emerging 

bio/pharma companies has traditionally been cyclical, 

with the positive portion of the cycle lasting three-

to-four years at most. This continuous funding streak 

is nearly twice as long as is typical for emerging bio/

pharma companies.

A number of factors have contributed to the 

explosion in funding for emerging bio/pharma 

companies, including:

• A plethora of new disease targets thanks to 

genomics and a better understanding of disease 

process 

• An increased arsenal of weapons to aim at those 

targets with traditional small molecule and 

monoclonal antibodies being augmented by highly 

potent small molecules, antibody drug conjugates, 

and gene and cell therapies

• A favourable regulatory environment that offers 

faster routes to new drug approval

• A robust equity investment environment across 

the economy

• Aggressive partnering, in-licensing, and acquisition 

by global bio/pharmaceutical companies

• A mature network of contract services providers 

that can get new drug candidates into clinical trials 

and end markets relatively quickly.

Individually and in combination, these factors 

have greatly changed the risk/reward equation for 

new drug development. Relative to what they could 

expect 10 or more years ago, investors in emerging 

bio/pharma companies today can put up less 

money and get proof of concept more quickly, for 

the following reasons:

• Most new drug candidates are highly targeted 

at narrow diseases, meaning that clinical trials 

can be smaller and faster, with less commercial 

infrastructure.

• Regulatory pathways such as the breakthrough 

therapy designation enable smaller clinical 

programmes and faster approval times, while the 

503(b)2 pathway for new formulations of older 

products may mean that only bioequivalence 

studies are needed.

CDMOs as enablers
While scientific research can discover targets 

and ways of attacking them, those discoveries 

are only valuable if they can be converted into 

physical products that can be safely and effectively 

administered to patients, and if that safety and 

efficacy can be demonstrated in clinical research. 

For that reason, CDMOs and contract research 

organizations (CROs) are the real enablers of success 

for emerging bio/pharma companies.

By relying on CDMOs, emerging bio/pharma 

companies can get a product into Phase I testing 

for €1.62–4 million (US$2–5 million) and in one 

to two years from when they commence GMP-

compliant development. Without the access to 

CDMOs, companies would need to invest at least 

€8 million (US$10 million) in facilities and a similar 

amount on manufacturing, analytical, and quality 

professionals. It would take at least two years 

before that infrastructure could start making 

product, and much of that capacity would be 

underutilized. In short, the presence of a robust 

CDMO industry probably reduces the cost of 

making the product by 50–75% and shortens the 

time to the clinic by half.

Those time and cost savings accrue to the venture 

capitalists and public investors who back emerging 

bio/pharma companies. The amount of funding put 

at risk for any given company is much less, and the 

money and time expended on a product or company 

that is ultimately unsuccessful are much less. That 

means there is more funding available to back more 

companies with less risk.

Jim Miller 

is the founder and former 

president of PharmSource, 

A Global Data Company, 

jim@ludwinmiller.com.
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Symbiosis
The relationship between emerging 

bio/pharma companies and the 

CDMO industry is truly symbiotic: 

one could not exist without the 

other. Thanks to the economics 

cited previously, the emerging bio/

pharma sector depends on CDMOs 

for at least 80% of its development 

and manufacturing requirements 

and is similarly dependent on CROs 

for their preclinical and clinical 

testing needs. CDMOs have enabled 

the formation of virtual companies 

with just a few staff overseeing a 

network of service providers.

On the other hand, the availability 

of funding for emerging bio/pharma 

drives the fortunes of the CDMO 

industry. Following the sharp 

decline in funding for emerging bio/

pharma in the wake of the global 

financial crisis, many CDMOs hung 

on by their fingertips and some 

went out of business altogether. By 

contrast, in today’s environment, 

most are growing at double-digit 

rates and are sought after by 

private equity firms wanting to 

acquire them at valuations as high 

as 15 times earnings.

Emerging bio/pharma companies 

are much more important to CDMOs 

than they are to clinical CROs. The 

ability of CROs to reduce clinical 

research costs by absorbing large 

numbers of clinical staff from 

company payrolls and implementing 

advanced information technology 

made them valuable partners for 

global bio/pharma. By contrast, 

global bio/pharma have been much 

less willing to outsource their 

manufacturing operations.

Risks and opportunity
The two biggest risks to the emerging 

biopharma and CDMO industries 

would seem to be a downturn in 

macroeconomic conditions that 

would make investors more skittish 

about investing and a major change 

in the willingness and ability of the 

US healthcare industry to pay for 

expensive new drugs. Both of these 

risks are real. Many economists see 

the likelihood of a recession in the 

United States in 2019 or 2020; the 

Trump administration campaigned 

on the promise to bring down drug 

prices; and US corporations look 

to be getting more aggressive in 

managing healthcare costs, including 

the cost of drugs. 

Nevertheless, CDMOs look well-

positioned to ride the wave of 

emerging bio/pharma success into 

the foreseeable future. The year 

2018 has started off well for new 

financings, and public companies 

have often been able to raise 

sufficient funding to last them for 

a number of years into the future. 

Further, while global bio/pharma 

companies have dominated new 

product approvals in recent years, 

thanks largely to their acquisitions 

and in-licensing, pipeline data 

suggest that more emerging bio/

pharma companies are willing 

and able to remain independent 

entities. PTE
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rehydration (3, 4), among other requirements. Two 

major considerations for optimization of a freeze-

drying process are the stability of the drug product, 

during the process itself and during the storage 

period after the cycle is terminated (5). Designing an 

optimized freeze-drying cycle requires identifying 

the critical properties of the formulation so that the 

processing conditions can be specifically tailored 

to the formulation’s freeze-drying characteristics, 

such as the collapse temperature (T
c
), glass transition 

temperature (T
g
), and eutectic temperature (T

eu
) (3). As 

Arnab Ganguly, technology manager, IMA Life North 

America, underlines, thermal characterization of the 

product is essential to understand product limits.

The importance of proper freezing
The freezing step is of paramount importance in a 

freeze-drying cycle because it is a known equivalent 

dehydration step. Further, it determines the ice 

crystal morphology and pore size distribution of the 

product, which in turn affect downstream steps such 

as primary and secondary drying, observes Paritosh 

Pande, research scientist, IMA Life North America. 

Proper freezing creates the foundation for efficient 

and consistent freeze-drying cycles, according to 

T.N. Thompson, president of Millrock Technology (6).

“For freezing, we want to make sure that the 

product is thoroughly solidified,” says Steven Nail, 

Freeze-drying is widely used in the pharmaceutical 

industry to stabilize drug products. During freeze-

drying, solvent is removed from a frozen product by 

sublimation to produce a dry product that can be 

readily reconstituted to its original liquid formulation 

by the addition of solvent. The process prolongs 

the shelf life of the product by inhibiting chemical 

and physical degradation pathways that occur in 

the presence of moisture. The process, however, 

is one of the most expensive unit operations in a 

complete manufacturing line because of the slow 

drying rate arising from inefficient heat transfer, 

and the high investment and operating costs (1, 2). 

Cycle optimization is, therefore, crucial, especially 

for products produced on a large scale, where the 

cost factor increases significantly with time spent in 

the freeze dryer (1). A fully optimized cycle uses only 

the energy and time required, resulting in shorter 

process time and higher product throughput (3). Most 

importantly, it ensures optimum product quality and 

consistency between batches. 

Freeze-drying involves three basic steps—freezing 

(solidification), primary drying (ice sublimation), and 

secondary drying (moisture desorption)—which can 

take several days to complete. A fundamental goal of 

freeze-drying is to produce a well-dried product with 

elegant cake appearance, short reconstitution time, 

long shelf life, and complete recovery of activity on 

Adeline Siew, PhD

Determining the right process 

conditions for a freeze-drying 

cycle requires an understanding 

of the effect of each step 

on the drug product.

Freeze-Drying 
Process 
Optimization
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principal scientist at Baxter Biopharma 

Solutions. He explains that freezing is often 

carried out at a shelf temperature of -40 °C 

to -60 °C for a period of time long enough 

to establish a steady state. 

Critical parameters 
in primary drying 
Once freezing is complete, primary drying 

begins. “The chamber pressure is reduced, 

and shelf temperature is raised to supply 

heat for the ice to sublime,” says Vaibhav 

Kshirsagar, associate scientist, IMA Life 

North America. “Normally, most of the 

water is removed at this stage.” 

Primary drying is usually the longest 

step, taking up the largest fraction of 

the freeze-drying cycle time. Optimizing 

this process step has been shown to 

have significant economic impact (5). 

The temperature and pressure during 

primary drying will determine the rate of 

solvent removal and product temperature, 

according to Ganguly. “At or close to the 

edge of failure, increasing the temperature 

and pressure will speed up the primary 

drying process, but it may adversely affect 

product quality,” he says. 

“Shelf temperature and chamber 

pressure are critical because of their 

influence on heat transfer, mass transfer, 

and ultimately, product temperature—

which is the most critical process variable, 

even though we can’t control it directly,” 

Nail explains. “Ideally, you want the 

product temperature to be a safe distance 

below the upper product temperature limit 

(usually the collapse temperature), without 

being so low that it unnecessarily slows 

down the process.” 

Pande cautions that drastic increase of 

the shelf temperature in favour of more 

rapid ice sublimation during primary drying 

can lead to the collapse of an amorphous 

product or result in a eutectic melt for 

a formulation containing a crystalline 

product. “Both the collapse and eutectic 

melt can have significant consequences 

on product stability as well as for product 

appearance,” he says. 

Kshirsagar further adds that heat 

transfer to the product is not only 

dependent upon temperature and 

pressure, but also on the product 

containments such as whether they 

are contained in vials or syringes. He 

notes that increasing the pressure in the 

chamber will generally increase the heat 

transfer to the product, thus, increasing 

the mass transfer to the condenser. 

Finding the optimum 
process conditions
The optimal temperature and pressure 

during primary drying are determined 

based on the product collapse 

temperature and the freeze dryer’s 

capabilities. “The optimum process 

conditions will prevent loss of pressure 

control in the chamber and maintain the 

product temperature below the collapse 

temperature,” says Kshirsagar. Pande 

highlights that there are also other 

variables that can influence the primary 

drying process such as fill volumes, vial 

size, freeze dryer geometry, nature of the 

solvent, and product concentration. 

“To ensure successful primary drying, 

the product, process, and equipment 

characteristics must be factored in when 

deciding the appropriate conditions,” 

Ganguly explains. “The process of 

identifying appropriate conditions for 

primary drying typically begins with 

thermal characterization of the product of 

interest. During thermal characterization, 

the critical collapse temperature of a 

product is identified by factoring in its 

glass transition temperature (T
g
’), as 

determined by differential scanning 

calorimetry, and identifying its collapse 

temperature through freeze-drying 

microscopy. The critical collapse 

temperature determines the maximum 

temperature that a product can withstand 

during primary drying without undergoing 

melt or collapse.”

From an equipment standpoint, 

Kshirsagar notes that aggressive cycles 

may be possible for products with high 

collapse temperature. “However, such 

aggressive cycles may sometimes lead to 

condenser overload or choked flow in the 

freeze dryer, if not well characterized,” he 

says. “In such situations, the equipment 

capability will be a limiting factor, and 

the temperature and pressure would be 

chosen accordingly.” 

According to Pande, appropriate 

primary drying conditions can be 

determined with good accuracy using a 

combination of thermal characterization 

data and steady-state mathematical 

modelling performed using first principle 

methods. “This approach eliminates the 

need for trial and error,” he says. 

Baxter’s approach involves constructing 

a graphical design space to determine 

primary drying conditions. “For us, that 

is a plot with sublimation rate on the 

y-axis, chamber pressure on the x-axis, 
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and two sets of isotherms—one 

set for shelf temperature and the 

other for product temperature,” Nail 

explains. “We do this by measuring 

the vial heat transfer coefficient 

as a function of pressure and the 

resistance of the dried product layer 

to flow of water vapour. One of the 

boundaries of design space is the 

upper product temperature limit, and 

the other is the equipment capability 

curve. The highest sublimation rate 

within the resulting ‘space’ gives 

the optimum shelf temperature and 

chamber pressure.” 

The most widely used tools 

to monitor primary drying are 

pressure sensors, including the 

capacitance manometer and Pirani 

gauge. Temperature probes, which 

include thermocouples, resistance 

temperature detectors, or wireless 

sensors, are typically used during 

engineering runs, observes Ganguly. 

“Residual gas analysers and mass 

spectrometers can be used to 

determine the gas composition 

inside close environments and have 

proven to be extremely useful to 

monitor trace concentrations of 

contaminants such as silicone oils 

or even for process monitoring in 

primary and secondary drying (7). 

Tunable diode laser absorption 

spectroscopy is a well-established 

tool for monitoring the vapour flow 

rate between the chamber and 

condenser in real time. Heat flux 

sensors mounted on the freeze dryer 

shelves can be used to quantitatively 

obtain the vapour flow rate if 

prior heat transfer coefficient (Kv) 

measurements are performed,” he 

says. “These process-monitoring 

techniques gather enormous 

amount of data that can be used to 

determine the end point of a primary 

drying process.”

Shelf temperature 
during secondary drying 
The purpose of secondary drying is 

to remove remaining unfrozen water 

that is either loosely associated with 

the crystal surfaces or buried within 

the glassy phase (1). The relatively 

small amount of water is removed 

by desorption, “typically to a final 

moisture content of 1–3%,” says 

Pande. “As the moisture content 

approaches 1%, the choice and 

concentration of excipients play an 

important role in preventing damage 

to the activity of any biological 

product,” he continues. “Excipients 

such as trehalose, for example, 

can better offset the effects of 

dehydration for a freeze-dried protein 

like immunoglobulin G by offering 

better H-bonding and a phase-

homogeneous matrix with more 

suppressed β-relaxation, compared 

to large-sugar excipients such as 

dextran or inulin.” 

Nail highlights that there is only 

one critical process variable during 

secondary drying, and that is the 

shelf temperature. “Both published 

literature and our own experience 

show that the chamber pressure 

doesn’t seem to have any effect 

on either the rate or the extent of 

secondary drying, probably because 

the rate-limiting step in secondary 

drying is diffusion of water through 

the glassy mixture of partly-dried 

solids,” he adds. 

“We nearly always use a secondary 

drying temperature that is room 

temperature or above,” Nail says. “As 

a general rule, we like to keep the 

secondary drying shelf temperature 

as high as we can, because it results 

in a faster rate of secondary drying, 

and probably a greater extent of 

secondary drying.” 

In addition, Kshirsagar points out 

that the temperature of the product 

needs to be maintained well below 

the T
g
 during secondary drying. The 

rate of water desorption during 

secondary drying step is sensitive 

to the specific surface area of solid, 

he notes, which is impacted by the 

ice nucleation event occurring in 

freezing stage. 

Kshirsagar explains that the rate of 

water desorption during secondary 

drying can also be influenced by the 

primary drying step. “Aggressive 

primary drying above the glass 

transition temperature can generate 

macro- or micro-collapse in the 

product cake,” he says. “To avoid 

product collapse during secondary 

drying, it is imperative that maximum 

water sublimation is achieved during 

the preceding primary drying step.” 

He reiterates the importance of 

maintaining shelf temperature during 

secondary drying several degrees 

below the T
g
 of the product. “Because 

the primary driver of water removal 

during secondary drying is the shelf 

temperature, as one example, it 

can be optimized by choosing a 

shelf temperature close to the T
g
 

while maintaining a safety buffer,” 

he says. “In addition, a slow shelf 

temperature ramp rate is preferred to 

avoid exceeding the T
g
 and leading to 

viscous flow in the product.”

Nail explains that the appropriate 

combinations of shelf temperature 

and drying time are determined 

by taking “thief” samples during 

secondary drying and measuring the 

residual moisture content relative to 

a target residual moisture limit.

According to Kshirsagar, the Pirani 

and capacitance manometer pressure 

sensors alongside thermocouples 

can be used in the early stage of 

secondary drying. Pande adds that 

the use of mass spectrometers can 

greatly improve the secondary drying 

process monitoring, by which the 

exact gas composition in the 

chamber can be known and 

potentially related back to the batch 

average residual moisture (7). 

Conclusion
Determining the right process 

conditions for a freeze-drying cycle 

requires an understanding of the 

effect of each step on the drug 

product. A confirmation run should be 

conducted at the end of cycle design 

to ensure that the process is robust 

and efficient and that it produces 

acceptable products.
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Biologic drug substances are large, complex molecules prepared 

from living systems via complex cell-culture or fermentation 

processes. Given this complexity, it can be difficult to achieve 

consistent and predictable performance, with numerous factors 

from raw material variability to operator training to equipment 

selection influencing process outcomes. Biopharmaceutical 

manufacturers continuously seek new manufacturing technologies 

and approaches to improve process robustness and enhance 

product consistency and quality. Recent pursuits include continuous 

processing, the implementation of process analytical technology 

(PAT) and automation systems, the adoption of single-use equipment, 

development of enhanced modelling capabilities, and leveraging 

advances in data management and analysis. In the end, however, 

maximizing the benefits of these new approaches and technologies 

requires extensive collaboration within multifunctional teams.

The people, process, and product matter
Uniform production of biologic drug substances from batch to batch 

requires consideration of three key attributes, according to Elise 

Mous, director of sales and marketing and business development 

for Capua BioServices: the people involved, including their training, 

know-how, experience, and flexibility; the process itself, because each 

has its own unique challenges, characteristics, and requirements; and 

the desired product, for which the final specifications determine the 

end-game.

“The first step is to find the right approach needed to orchestrate 

all of the necessary requirements in the right manner to ensure 

a successful, scalable, and robust recipe,” she says. Those 

Cynthia A. Challener 

is a contributing editor to 

Pharmaceutical Technology 

Europe.

requirements include expression 

strain requirements/characteristics; 

raw material requirements; plant/

equipment design needs; automation 

needs; training requirements; 

utilities requirements; key process 

parameters; regulatory constraints/

requirements; and environmental, 

health, and safety constraints/

requirements. For contract 

development and manufacturing 

organizations (CDMOs), much of this 

information can be learned either 

from past experience at the plant or 

from the client.

Because CDMOs 
work on both long-
term commercial and 
short-term clinical and 
commercial projects, 
the amount of available 
process data can vary 
significantly.

Attention to details can also 

make a significant difference 

in the robustness of a process, 

according to Mous. “It is important 

to analyze the potential risks and 

uncertainties upfront and define a 

custom onboarding trajectory for 

transfer, development, scale-up, and 

manufacturing campaigns, which 

includes definition and agreement 

of the joint objectives and journey 

required to achieve them,” she 

observes. Development of scalable, 

robust technologies as early as 

possible and establishment of a 

sampling plan and analytics are 

also important. Finally, attention 

should be paid to continuous 

improvement so that learning from 

the process and the data is ongoing. 

“Of course,” she adds, “safety and 

quality requirements can never be 

compromised.”

So does the amount of data
Because CDMOs work on both long-

term commercial and short-term 

clinical and commercial projects, the 

amount of available process data can 

vary significantly. Fujifilm Diosynth 

Biotechnologies tailors its approach 

to uniformity- and consistency-

control based on the amount of data 

that is gathered, according to Abel 

Hastings, director of process sciences 

Consistent Quality
Calls for Collaboration
Bioprocess understanding, the right equipment,

and automation help, but multifunctional teamwork is the key.
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at the company’s North Carolina, USA 

facility. 

“For processes with long histories 

and substantial data sets, we can 

leverage traditional statistical control. 

For processes with smaller datasets, 

we aim to improve early responsiveness 

to process control and consistency 

monitoring by applying a logic-based, 

piece-wise approach,” he explains. This 

methodology requires three main steps: 

process parameter to attribute linkage, 

development of an ideal distribution of 

expected data, and comparison of data 

against expectations. 

Underlying all activities 
related to the development 
of robust processes for the 
production of biologic drug 
substances is the need 
for collaboration among 
scientists and engineers 
involved in all aspects of a 
project. 

Mapping out the expected 

process parameters to attribute 

linkage can form the basis for 

determining which data are most 

valuable to not only confirm that 

the process is running reliably, 

but also ultimately lead to 

tighter process control, even in 

circumstances where data are 

limited, according to Hastings. 

“This approach can also help teams 

focus on ways to capture the most 

informative information,” he adds. 

Once parameter-attribute linkages 

are established, Fujifilm’s teams 

discuss and document the expected 

data results distribution. For example, 

they consider whether a normally 

distributed histogram or a sine-wave 

distribution should be expected, and 

whether the data might be skewed. 

“Developing expectations based on 

the factors and control elements 

can help teams establish a basic 

understanding of what ‘normal’ 

should look like,” Hastings explains. 

Once actual data are generated, they 

are compared to the expectations. 

“Even in the absence of statistical 

significance, this approach can allow 

processes to move toward increased 

process control and uniformity early 

in their lifecycles,” he observes.

And how it is acquired
Effective application of that actual 

data is essential to enabling 

meaningful interpretation, Hastings 

adds. “Most major equipment 

manufacturers have developed 

strong and deep data systems that 

gather information to help ensure 

reliable operation. In some instances, 

however, more data does not lead to 

more knowledge,” he asserts.

To ensure the right interpretation 

can be made, Fujifilm recommends 

assessing each data acquisition 

against the corresponding parameter-

attribute pair. “Teams should aim 

to identify any points of ambiguity. 

Common points of concern can 

result from misalignment between 

parameters and attributes, limits of 

resolution in data, and data acquisition 

frequency,” Hastings explains.

An example of a parameter/

attribute misalignment would be the 

difference between a temperature 

requirement for a shake flask 
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“When installing new processes 

into our facility, we aim to consider 

the full lifecycle of the process 

while also meeting the short-term 

goals of the project. To do so and 

overcome some of the challenges 

with implementation of automation, 

we design our process development 

work to simulate what can be 

both implemented as a manual 

operation and be transitioned into an 

automated step,” says Hastings.

Cross-functional 
teams are essential
Underlying all activities related to the 

development of robust processes 

for the production of biologic drug 

substances is the need for collaboration 

among scientists and engineers 

involved in all aspects of a project. 

“Selection, training, and coaching of 

the project team, from the operators 

to the process engineers to the plant 

engineers to the analytical scientists, 

is essential to achieving effective 

processes. Success is not possible 

without such a multidisciplinary 

approach,” asserts Mous.

In many cases, finding the right 

solutions requires a bit of creative 

thought and collaborative work 

between the process development 

teams and manufacturing and/or 

quality-control operators, agrees 

Hastings. “We strongly recommend 

that cross-functional teams spend 

time in one-another’s area in order 

to build a solid understanding 

of flexibility needs, constraints, 

and long-term opportunities,” he 

comments.

Through this type of collaboration, 

it is possible for teams to find the 

right balance between speed, risk 

and reward, and cost, according 

to Mous. “In some cases, a project 

can be started quickly with a higher 

risk, while in others, investment in 

proper preparation upfront is the 

more appropriate approach,” she 

explains. Cross-functional teams 

are also better able to determine 

whether making facility or process 

modifications is more practical. 

“These teams know how to look 

for the best fit in terms of not only 

the best fit with the process, but 

the best fit with the budget,” Mous 

concludes. PTE

should therefore be selected to fit 

for a defined purpose in accordance 

with user requirements and critical 

process parameters.

Automation helps to 
ensure consistency by 
minimizing human errors 
and enabling repeatability 
and reliability of 
operations from one batch 
to another.

When working with existing 

equipment, it is important to 

understand the opportunities and 

limits presented by the design and 

the potential for any modifications 

that can make the equipment 

more fit-for-purpose. Appropriate 

installation qualification, operational 

qualification, and process qualification 

protocols should also be prepared, 

reviewed, approved, and followed; 

and a proper maintenance plan should 

be developed and implemented, 

according to Hofmann. 

Develop an 
automation strategy
Automation helps to ensure 

consistency by minimizing human 

errors and enabling repeatability 

and reliability of operations from 

one batch to another. Increasing 

adoption of automation and PAT in 

biopharmaceutical manufacturing 

is intended to reduce variability, 

increase yield, drive down costs, and 

maximize safety.

As CDMOs, both Fujifilm and Capua 

BioServices have a unique perspective 

because they work with a spectrum 

of processes, including products 

undergoing their first at-scale batches, 

decade-old processes being relocated 

to another facility, and commercial 

processes with a long history of 

continuous improvement. 

“The strategy necessary to 

ultimately implement automation 

ideals can often be challenging for 

processes striving to simply produce 

clinical batches,” says Hastings. “It 

is beneficial to find the right balance 

between manual versus automated 

operations; continuously evaluating 

investment versus added value,” 

adds Mous.

operation and data recording of 

the temperature of an incubator. 

“While the temperatures may be 

the same, they are not the same 

element,” he says. Issues with data 

resolution can arise with many digital 

read-outs, which may clip or round 

data, potentially resulting in over-

interpretation or under-appreciation 

of the degree to which the data may 

be skewed. 

Finally, Hastings notes that it is 

important for users to recognize 

that automated data systems 

recorded at intervals may not give 

an accurate reflection of processes 

that change at higher frequency. 

“Teams should consider the rate 

of change of a process step before 

selecting a sampling frequency,” 

he says. To avoid these problems 

and similar risks, Fujifilm strongly 

recommends a cross-functional 

review of processes—from scientist 

to automation engineer—in order to 

ensure all data risks are considered.

Understand your 
equipment needs
In addition to types and amount of 

data and the way they are collected, 

the selection of biomanufacturing 

equipment can have a substantial 

impact on process robustness. 

Which aspects are most important 

can vary from one process to 

another, according to Gerald 

Hofmann, head of technology 

development at Capua BioServices. 

In addition, design attributes to be 

considered should not be limited 

to the performance during the 

actual cell-culture or fermentation 

process. “The hygienic design of the 

equipment, its maintenance needs, 

and what is required for an effective 

cleaning regime must also be well 

understood,” he says. 

Perhaps most importantly, 

selecting the equipment design that 

will provide the most robust process 

cannot be achieved without proper 

understanding of the full process 

requirements, according to Hofmann. 

“Making sure that these process 

requirements, and the needs of 

the user, are also well understood 

by equipment manufacturers can 

also have a measurable impact,” 

he comments. New equipment 

http://PharmTech.com/


Cold WFI production in compliance with Ph. Eur. 

Since 1st April 2017,  a revision of the European Phamacopoeia allows the production of cold Water for Injection (WFI) by 

non-distillation processes.  In this context, the European Medicine Agency (EMA) has published a “Questions and Answers Paper“  

as Preliminary Guideline, which provides questions and answers about the appropriate technologies and biofilm control strategies.

The publication‘s key points concerning the system design for production of cold WFI are:

• Reverse osmosis technology as central purification process (single-pass or double-pass) coupled with other 

 appropriate process steps such as electrodeionisation and ultrafiltration

• Adequate water pre-treatment: removal of organic particles and matter, microbiological impurities as well as 

 scaling and fouling monitoring and removal of microbial control agents

• Minimisation of the risk of microbial contamination and proliferation

•  Hygienic Design: turbulent flow, complete residual emptying, no dead legs, appropriate pharmaceutical connections

 and surface finish

• In-process monitoring of electrical conductivity and regular controls of TOC and microbial contaminations. 

 Measurements of conductivity and TOC content at several measuring points throughout the system

• Facility for sanitisation: thermal and chemical

• High degree of automation and a corresponding monitoring and alert strategy

https://www.letzner.de/
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Excipients used as carriers
PTE: What excipients are commonly 

used as carriers?

DFE Pharma: Due to the lack 

of toxicological data concerning 

the potential hazard of carriers 

to lung tissue, the primary carrier 

currently approved or certified 

safe by the United States Food 

and Drug Administration remains 

limited to lactose. Mannitol has been 

investigated as a carrier. However, 

mannitol can trigger issues related 

to bronchoconstriction, and using it 

as a carrier for treatment of asthma 

and COPD could be a regulatory 

challenge (2). Based on their functional 

role, there are other excipients, such 

as magnesium stearate, distearyl 

phoshatidylcholine (DSPC), and fumaryl 

diketopiperazine (FDKP), that have 

also been approved to be used for 

inhalations. The major commercially 

available formulations are, however, 

manufactured using lactose as 

the carrier (3). Lactose has been 

thoroughly investigated and described 

for this purpose. Mostly alpha-

monohydrate lactose is used, although 

there are existing formulations that 

use beta-anhydrous lactose.

Selecting a carrier
PTE: What are the key considerations 

when selecting a carrier for a DPI 

formulation? What are the properties 

required in a carrier?

DFE Pharma: Selection of a carrier 

is typically based on: 

• Functionality: powder flow and 

dispersion during inhalation

• Stability: physicochemical 

stability, biocompatibility, 

biodegradability, and compatibility 

with the drug substance 

• Safety: it must be inert and non-

toxic to lung tissues. 

Consequently, it has been stated 

that the efficiency of a DPI formulation 

is extremely dependent on the carrier 

characteristics, and the selection 

The use of capsules loaded into a dry powder inhaler (DPI) to deliver 

drugs to the lungs is a well-established method for the treatment 

of lung diseases such as asthma and chronic obstructive pulmonary 

disease (COPD). Developing a capsule formulation for inhalation, 

however, is not nearly the same as an orally administered capsule. For 

DPI capsules, powder properties not only affect the manufacturing 

process but also drug delivery to the lungs. Experts from DFE 

Pharma—Mohit Mehta, scientist; Gerald Hebbink, scientist; and 

Harry Peters, lactose inhalation specialist—spoke to Pharmaceutical 

Technology Europe about the importance of carrier selection and how 

the capsule filling process can affect DPI performance. 

The role of carriers in DPI formulations 

PTE: Can you tell us about the role of carriers in DPI formulations?

DFE Pharma: DPI formulations contain micronized drugs. The 

aerodynamic particle size of these micronized drugs typically ranges 

between 1–5 μm. The majority of the drugs used for treatment 

of asthma and chronic obstructive pulmonary disease (COPD) are 

either beta agonist, anticholinergic, or corticosteroids, which can be 

formulated in combinations. These drugs have very low doses, usually 

in the microgram range. The carrier, therefore, provides the bulk, which 

enables ease of handling during dispensing, manufacturing, and delivery 

through the device (1). A carrier is an important component of the DPI 

formulation. Because micronized drugs have poor flow properties, 

mixing the drug with a suitable carrier enhances the flow behaviour 

and thus improves dosing accuracy and consistency. Furthermore, the 

carrier facilitates the dispersion of the cohesive micronized drug during 

the inhalation event. Any change in the physiochemical properties of 

the carrier has potential to alter the product performance and drug 

deposition in the lungs; therefore, selecting and optimizing the right 

carrier is an important step in developing a suitable DPI formulation.

Choice of carrier can have a significant impact on the capsule 

filling process as well as the performance of the DPI formulation.

The Role of Carriers 
in DPI Capsules

Adeline Siew, PhD
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“Any change in the 
physiochemical properties 
of the carrier has potential 
to alter the product 
performance and drug 
deposition in the lungs.”—

DFE Pharma
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of carrier is a crucial determinant of 

the overall DPI performance (1). In 

case of DPI formulations, most of the 

micronized drug particles adhere to 

the surface of coarse carrier particles. 

During inhalation maneuvering, based 

on the velocity of inspired air flow, 

these drug particles are detached 

from the surface of the carrier 

particles. The larger carrier particles 

are deposited in the upper airways, 

while the small drug particles can 

reach the lower parts of the lungs (1). 

Detachment of drug from the carrier 

is based on the balance between 

inter-particulate adhesive forces and 

air flow velocity (4). The right cohesive 

and adhesive balance is, therefore, 

required between the drug and carrier 

to produce a stable formulation 

that at the same time allows easy 

separation during inhalation.

Often the question is raised to a 

lactose producer as to what grade 

of inhalation lactose should be 

used. There is, however, no single 

grade lactose that fits all purposes. 

One has to determine what kind of 

functionality needs to be addressed 

with the lactose. Is it the filling of the 

device, the mixing of the powder, the 

metering of the device, the deposition 

of the drug, or a combination of these?

Lactose for 
inhaled formulations
PTE: Can you discuss the differences 

between lactose for inhaled 

formulations versus lactose used in 

oral formulations? 

DFE Pharma: Lactose for oral 

formulations is primarily selected 

based on the manufacturing process, 

the dosage form (whether tablets, 

capsules, or sachets), and the nature 

of the API (e.g., moisture sensitivity). 

In the case of lactose for inhalation, 

selection is based on filling of the 

device, device design, and deposition 

of drug into the lungs. In both solid 

oral and inhalation dosage forms, 

important characteristics to be 

considered when selecting a lactose 

are particle size and flow properties. 

However, in the case of inhalation 

formulations, the particle size of 

the lactose plays a crucial role in 

determining drug deposition into 

the lungs and its pharmacokinetic 

behaviour. For inhalation-grade 

lactose, health authorities require 

extra testing and controls, especially 

for some parameters, where tighter 

limits are required compared to 

pharmaceutical-grade lactose. 

Inhalation-grade lactose has to be 

manufactured specifically to meet the 

stringent specifications.

DPI performance
PTE: Can you elaborate on 

how capsule filling affects DPI 

performance, and what’s the best 

way to ensure reproducibility and 

consistency of DPI performance?

DFE Pharma: Capsules play an 

important role in delivery of drugs 

in the case of capsule-based DPIs. 

The capsule has a significant impact 

on powder deagglomeration and the 

detachment of the micronized drug 

from the carrier during inhalation. 

Capsule selection should, therefore, 

be an integral part of DPI product 

development. In comparison to 

solid oral formulations, DPI capsules 

have low fill weights, and hence, 

it is often more challenging to fill 

the dry powders with accuracy and 

consistency. Filling of these powders 

often requires specialized filling 

equipment with built-in systems for 

in-process checks and the ability to 

reject under- or over-filled capsules 

based on the required quality 

specifications. 

Temperature and humidity play 

a crucial role. It is important to 

avoid moisture uptake, as it may 

lead to powder aggregation and 

variability in the filling process (5). 

For accurate powder dosing, there 

are several mechanisms available, 

which include dosator filling, vacuum 

drum filler, and tamping pins. 

Generally, the filling mechanism is 

selected based on the amount and 

the characteristics of powder blend 

to be filled. Powder flow properties 

are one of the important parameters 

of the dry powder blends that can 

affect capsule filling and the DPI 

performance. It is important to have 

a thorough understanding of powder 

flow properties in combination with 

the mechanism of filling to optimize 

the filling parameters, which govern 

reproducibility and consistency of DPI 

performance.

Scaling up
PTE: What are the challenges of 

scaling up DPI capsule production and 

how do you address them? 

DFE Pharma: There are several unit 

operations involved in DPI capsule 

manufacturing. However, the most 

important unit operations during 

scale up are blending and capsule 

filling. Blending is well established 

in the pharmaceutical industry, 

and manufacturing scale-up from 

bench to factory is generally well 

understood. However, blending is 

an important unit operation that 

plays a crucial role in determining 

the detachment of micronized drug 

from the carrier particles. In the case 

of a capsule filling operation, the 

major challenge is the unavailability 

of a defined scalability factor from 

laboratory scale to commercial scale. 

Hence, the whole process needs to 

be optimized based on the batch size, 

the filling equipment, and powder 

flow properties at commercial scale. 

To address these issues, the best 

approach is to have proper risk 

assessment done before optimizing 

the process. Risk assessment should 

take into consideration powder flow 

properties, filling process parameters, 

environmental conditions, storage 

after filling, and further packaging 

into blisters.
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Getinge Life Science Unveils 

New Flagship SterilizerA Q&A
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Getinge went back to the drawing board to develop a 

steam sterilizer that the company believes is one of its 

biggest Life Science product launches in decades.

M
edicinal products serve as the first and last lines of defense in patient care. 

Manufacturers require maximum uptime, performance, and safeguards against 

microbial and particulate contamination to guarantee the safety and efficacy of 

lifesaving medicinal products produced from chemical and biological sources. As a result, 

experts say that the steam sterilization industry will experience a decisive expansion in 

forthcoming years. Pharmaceutical Technology Europe recently spoke with Jens Knobe, 

vice present of business development in Life Science, and Joakim Larsson, product line 

manager of Life Science sterilizers, both at Getinge, about how the company developed a 

steam sterilizer that is fully aligned with today’s needs of biopharmaceutical production and 

biomedical research.

Pharmaceutical Technology Europe: What is new within Getinge Life Science?

Knobe: As of April 1, 2017, everything is new. Life Science became a business area in 

Getinge. This is quite a big deal because Life Science is now one of only three business 

areas in Getinge. We have, therefore, invested and strengthened much in the organization to 

better support our customers. This has allowed us to revitalize our focus on key segments: 

pharmaceutical production, where the specific focus is on biotech and biomedical research; 

laboratory solutions; and medical device production.

Pharmaceutical Technology Europe: How did the development process of this new 
steam sterilizer begin?

Knobe: Getinge is the market leader in sterilization and we leveraged our extensive experience 

as we initiated the new generation of steam sterilizers. Beyond improving the performance 

of the actual product, we also dramatically improved two areas that we know are important 

SPECIAL SPONSORED SECTION

https://www.getinge.com/int/
http://www.pharmtech.com/


for our customers: lead-time and documentation. Meeting 

lead-time expectations is important when being part of 

pharmaceutical projects because the overall time to market 

for the drug is crucial. 

Larsson: Drawing on Getinge’s decades of knowledge in 

the production of both lab science and healthcare sterilizers, 

along with input from customers, we began developing the 

new sterilizer from a blank 

sheet of paper. Thus, we 

were not, as is typical with 

these type of projects, lim-

ited by the current design. 

In the end, this has led to 

a product fully aligned with 

the market expectations of 

future solutions.

P h a r m a c e u t i c a l 
Technology Europe: How 
can this product con-
tribute to improved production performance within 
the Life Science industry?

Larsson: The GSS sterilizer is developed to be easily inte-

grated into the customers’ production facility and with an ease 

of qualification as its cornerstone. We understand that the 

product is more than the sterilizer; it’s the whole execution, 

including documentation and project management. Ease of 

qualification is an important part of the complete delivery. 

Pharmaceutical Technology Europe: What are the 
product’s key features?

Larsson: It is a flexible steam sterilizer with a range of sizes 

and set of options to adapt to customers’ individual needs. 

Additionally, it is a high-performance GAMP 5-compliant 

sterilizer with a top-of-the-line documentation package. 

Pharmaceutical Technology Europe: What is new 
about the steam sterilizer?

Larsson: Many features are new and upgraded. In particular, 

the control system has been upgraded to include connectivity 

to customers’ IT systems, 

data integrity, as well as 

the support structure. The 

documentation package 

has also been improved 

with ease of qualification 

in mind. 

P h a r m a c e u t i c a l 
Techno logy  Europe: 
What  does “service 
without borders” mean 
for Getinge?

Knobe: Our customers are worldwide and have activities 

around the globe, and one unique strength of Getinge is 

our global foot-print. Therefore, we are always there for our 

customers throughout the full lifecycles of our solutions.

Pharmaceutical Technology Europe: How does the 
future look for Getinge Life Science?

Knobe: We already see very good progress with positive 

feedback from our customers. In addition to increased 

orders, we have many new interesting solutions coming up, 

including exciting products for our unique DPTE® system 

for sterile transfer. The future looks bright, so stay tuned for 

more innovative solutions from Getinge.

Getinge is a leading global provider of products and systems that contribute 

to quality enhancement and cost efficiency within healthcare and life sciences.

The company employs more than 10,000 people and has operations in more 

than 40 countries.

“Getinge is the market leader in 

ster i l i zat ion and we leveraged 

our extensive experience as we 

initiated the development of the new 

generation of steam sterilizers.”

GETINGE LIFE SCIENCE UNVEILS NEW FLAGSHIP STERILIZERSPECIAL SPONSORED SECTION
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P
art one of this article introduced the concept of sam-
pling distribution of acceptance value (AV) in uni-
formity of dosage units (UDU) (1). With different 
sample sizes such as n = 10 and 30, their AV distri-

butions will be different, resulting in different critical AV 
values (i.e., the values at the locations covering 95% of the 
distributions that are equal to, for example, 12.5 and 9.1 
for n = 10 and 30, respectively). Such critical values will be 
employed as AV working limits rather than using the single 
compendial limit of not more than (NMT) 15 (2). 

Part two of this article described how to establish the cor-
responding acceptance limits for AV data for process vali-
dation batches as well as the typical characteristics of AV 
distributions. Such validation AV limits are, for example, 
9.1, 8.2, 8.0, and 7.4 for n = 30, 60, 70, and 140, respectively. 
Finally, it discussed derivation of relevant constants for AV 
control charts used in, for example, annual product review 
(APR) and continued process verification (CPV) reports (3). 

The applicability of such validation AV limits (Part two) 
will need to be elaborated because the author’s additional 
simulation study results reveal that there are some unfore-
seen relationships amongst those quality attributes, such 
as probability of meeting content uniformity test (4, 5, 6) 
and acceptance value (AV) at various content uniformity 
(CU) means. 

One of the criteria for determining the more proper 
limits is to take into account the percentage lot coverage 
(7) in addition to such a 95% coverage. This is to guar-
antee that the high lot conforming rate is also achieved 
even at different CU means. In this part, those AV limits 
for routine batches (i.e., 12.5 and 9.1, n = 10 and 30, re-
spectively) are demonstrated to be adequately justified at 
various CU means. 

CU mean vs. CU probability vs. AV limit relationship
When analyzing the AV formula AV = M x +ks , AV value is a 
function of sample mean (x ), sample standard deviation (s), 
and reference value (M). The most unpredictable outcome of 
the formula is subject to the conditional determination of the 

The working acceptance limits for acceptance 

values (AV) are determined using the critical 

values at, for example, 95% coverage over 

the corresponding AV distributions. However, 

validity of such limits needs to be elaborated.
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reference value associated with the case whether or not the tar-
get is more than 101.5% label claim (LC) and the subcase that 
the sample mean is below 98.5, above 101.5% LC, or in between. 

In the simulation study using MS Excel program (.xlsm, 
not .xlsx) by the author, Figures 1–2 are two of the unfore-
seen examples that illustrate such an unpredictability where 
the CU probability results will sharply drop at means ap-
proximately 98.5 and 101.5% LC when the corresponding 
AV data are fixed at their working limits (e.g., 9.1, n = 30, 
and 8.2, n = 60). 

For n = 60 or greater, it is fortunate that the minimum 
probability is much higher than 90% (98.27%). This implies 
that using such validation limits (introduced in Part two) 
needs to be careful because they are valid only when, for 
example n = 30, the means are between 99.5 and 100.5% 
LC, less than 97 and higher than 103% LC. 

Such a validity is directly related to the probability results 
at not less than (NLT) 90%. The probability pitfalls at 98.5 
and 101.5% LC locations in the two figures (and even in the 
others) will make the readers imagine how such a rigid for-
mula (AV) affects the reliability of this particular parameter 
(i.e., AV). That is the lower magnitude of AV data does not 
always correlate with the higher degree of meeting UDU as 
illustrated in Figures 3–6 where the CU mean is obviously 
the influencing factor.

Establishing validation AV limits 
with lot coverage taken into account
As discussed earlier, AV limits need to be adjusted for some 
ranges of CU means. One of the additional approaches to 
adjusting the AV limits is to take the lot coverage into ac-
count. The reason is to ensure that the high percentage of 
the conforming dosage units, say 99.999%, does fall within 
the specification limits. 

Lot coverage may be defined as the proportion (p) or 
percentage (P) of the dosage units (in the lot) that falls be-
tween 85 and 115% LC (lot coverage 1) or 75 and 125% 
LC (lot coverage 2), as required by quality units, using the 
upper and lower bounds for mean and standard deviation 
(SD) as applicable. That is to say, the most acceptable lot 
coverage 2 (75–125% LC) must be practically close to 100% 
as much as possible. 

From the simulation results, 99.999% coverage is 
determined to be the minimum because it is corresponding 
to the probability results readily above 90% (Figure 4 and 

Figure 6). Justification of such a minimum is that those of 
the coverages below 99.999%, for example 99.99% in Figure 3 
and Figure 5, will have the probability totally less than 90%, 
which is not acceptable. 

At the locations below 96.8 and above 103.2% LC (see 
Figure 4, n = 30), the AV (limit) will increase up to 10.28 at 95 
and 105% LC. So it needs to adjust those AV (limit) greater 
than 9.1 to, say, 9.1 as illustrated in Figure 7. In the figure, it 
looks justified because the relevant requirements (for AV, lot 
coverage 2) are properly met. For larger sample sizes (such as 
n = 60, 70, and 140), the AV limits seem to be practically and 
already acceptable. Because AV data do not always correlate 
in magnitude with degree of meeting the UDU, the additional 

Figure 1: Probability (CU) vs. CU mean relationship with 

acceptance value fixed at acceptance limit (n = 30 and 70). CU 

is content uniformity.
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Figure 2: Probability (CU) vs. CU mean relationship with 

acceptance value fixed at acceptance limit (n = 60 and 140). CU 

is content uniformity.
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Figure 3: Acceptance value and probability (CU) vs. CU mean 

relationship with lot coverage 2 (75–125% LC) fixed at 99.99% 

(n = 30 and 70). CU is content uniformity.
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criteria (i.e., lot coverage) are essentially required as follows: 
• AV limits introduced in Part two of this article can be 

used directly (n = 30, 60, 70, and 140)
• All the following additional criteria are to be met:
 ■ The probability results are NTL 90%

 ■ Lot coverage 2 (75–125% LC) is NTL 99.999%.
It is found that those parameters only for sample n = 

30 need to be adjusted as illustrated in Figures 7–9. In 
the figures, those for n = 70 remain the same, i.e., no 
adjustment, 99.20% probability (green color), for ex-

Figure 4: Acceptance value and probability (CU) vs. CU mean 

relationship with lot coverage 2 (75–125% LC) fixed at 99.999% 

(n = 30 and 70). CU is content uniformity.

Figure 7: Adjusted acceptance value and probability (CU) vs. 

CU mean relationship with lot coverage 2 (75–125% LC) fixed at 

NLT 99.999% (n = 30 and 70). CU is content uniformity.
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Figure 5: Acceptance value and probability (CU) vs. CU mean 

relationship with lot coverage 2 (75–125% LC) fixed at 99.99% 

(n = 60 and 140). CU is content uniformity.

Figure 8: Another view of distributions for lot coverage 2 and 

probability.
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Figure 6: Acceptance value and probability (CU) vs. CU mean 

relationship with lot coverage 2 (75–125% LC) fixed at 99.999% 

(n = 60 and 140). CU is content uniformity.

Figure 9: Lot coverage 1 and 2 relationship (n = 30 and 70).
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ample, is still existent. Figure 10 illustrates the distribu-
tions of the lot coverage 2 results where the minimum 
values (pitfalls) are still higher than 99.999% especially 
for n = 140. 

Table I presents derivations of the working AV limits. In the 
table, all the AV results (reproduced from the figures) at mean 
locations throughout 95–105% LC need to meet the AV limits 
in the sky blue row, for example, 9.1 and 8.0 for n = 30 and 70, 
respectively. In the table, this particular set of acceptance 
criteria is intended for processes with target not more than 
101.5% LC (mostly 100% LC). However, it may be applied to 
those processes with target greater than 101.5% LC as far as 
the additional acceptance criteria are met.

Figures 11–12 illustrate the the relationship between criti-
cal AVs and CU “lot” means (note: not “sample” means). 
The representative acceptance limits are those AVs at 100% 
LC such as 12.5 (n = 10), 9.1 (n = 30), and 8.0 (n = 70) (as-
suming that sample mean results are about 100% LC most 
of the time if target is 100% LC) i.e., still confirming jus-
tification of those AV limits introduced in parts one (for 
routine batches) and two (for validation batches).

The most unexpected features are those illustrated in Fig-

ures 13–14 where the probability distributions will remarkably 
drop at means 98.5 and 101.5% LC for both n = 30 and 70, 
respectively. Note that all the distributions in the four fig-
ures (Figures 11–14) are based on lot CpK 1.33. 

Application summary on validation acceptance criteria
Acceptance criteria 1 (expanded), 2, and 3 may be summa-
rized as in Table II. The objectives of acceptance criteria 2 and 
3 are to demonstrate that lot CpK on average is NTL 1.33 
(criterion 2, i.e., qualitatively) and estimate the true value of 
lot CpK on average (criterion 3, i.e., quantitatively) (2, 3, 8, 9). 

Discussion
One characteristic of the statistics-based acceptance limits 
is that different numerical limits are established for differ-
ent sample sizes. The most obvious example is the relative 
standard deviation (RSD) limits for Uniformity of Dosage 

Figure 10: Lot coverage 2 distributions (n = 60 and 140).

Lot Coverage 2 for AV = 8.2: n = 60

Lot Coverage 2 for AV = 7.4: n = 140
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Table I: Table for justification of AV acceptance limits for validation batches.

AV acceptance limits (based on lot coverage across 75–125% LC).

Mean ranges Mean ranges

AV ranges: validation batches (90% CI, 99.999% coverage)

Sampling plan N ≥ 70 Sampling plan N ≥ 140

n = 30 n = 70 n = 60 n = 140

100.0 ¤ 98.6 100.0 ¤ 101.4 8.46 ¤ 8.00 8.89 ¤ 8.43 8.84 ¤ 8.37 9.02 ¤ 8.59

98.5 101.5 7.96* 8.40* 8.34* 8.55*

98.4 ¤ 95.0 101.6 ¤ 105.0 8.03 ¤ 10.28** 8.46 ¤ 10.65** 8.40 ¤ 10.60** 8.62 ¤ 10.79**

Adjusted to (

¤

)

¤ ¤ ¤ ¤

Adjusted validation AV limits 9.1 8.0 8.2 7.4

Minimum CpK1 (85-115% LC) 0.99 (≈ 1.00) 1.05 1.04 1.09

Minimum CpK2 (75-125% LC) 1.72 1.83 1.81 1.89

Minimum probability (CU, %) 92.96 99.20 98.27 99.96

Min. lot cover. 1 (85-115%LC) (%) 98.40 99.32 99.13 99.72

Min. lot cover. 2 (75-125%LC) (%) 99.999 > 99.999 > 99.999 > 99.999

References Figures 1, 4, 7, 8, and 9 Figures 2, 6, and 10

* Minimum, ** Maximum CpK1 and CpK2 are intended for data analysis only.

Additional acceptance criteria (at minimum): 1) Probability is not less than (NLT) 90% and 2) Lot coverage 2 (75–125%LC) is NLT 99.999%. This demonstrates 

that meeting AV limits only is not enough. 

AV is acceptance value.

CI is confidence interval.

CU is content uniformity.

LC is label claim.

http://PharmTech.com/
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Figure 11: Critical AV (95% coverage) and CU lot means 

relationship (n = 10, 30, and 70). AV is acceptance value. CU is 

content uniformity.

Figure 13: Critical AVs, probability (n = 30) and CU means 

relationship (n = 30 and 70). AV is acceptance value. CU is 

content uniformity.
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Figure 12: Critical AV (95% coverage) and CU lot means 

relationship (n = 60 and 140). AV is acceptance value. CU is 

content uniformity.

Figure 14: Critical AVs, probability (n = 70) and CU means 

relationship (n = 30 and 70). AV is acceptance value. CU is 

content uniformity.
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Note: The actual (simulated) coverages for critical AVs at
around 95 or 105% LC may be 2 or 3% less than 95%.

Table II: Validation acceptance criteria 1 (expanded), 2, and 3.

Sample sizes (n)

Acceptance criteria 1 (expanded)* Acceptance criteria 2 Acceptance criteria 3

AV limits (95% 

coverage)
Probability (%) Lot coverage 2 (%) AV average** limits Lot CpK on average

Sampling plan n ≥ 70

30 9.1
NLT 90% NLT 99.999%

7.5
NLT 1.33

70 8.0 7.0

Sampling plan n ≥ 140

60 8.2
NLT 90% NLT 99.999%

7.1
NLT 1.33

140 7.4 6.7

Additional acceptance criteria. **From 3 or more PV batches

*For practical guidance, the sample mean ranges for n = 30, 70, 60, and 140 are expected to be 97–103, 98–102, 98–102 and 98.5–101.5% LC, respectively. 

More is described in the discussion section. 

AV is acceptance value.

NLT is not less than.

PV is process validation.
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Units in the past (10), i.e., RSD ≤ 6.0 and 7.8% for n = 10 
and 30, respectively (Figure 15), so that the AV acceptance 
limits are in the same manner (i.e., different AV limits for 
different sample sizes). The differences are due to the fact 
that different patterns apply to corresponding distributions 
for different sample sizes.

The definition of AV formula AV = M x +ks  is not natural. If 
the reference value M is replaced by the target T, which is 
the single value, and equal to 100% LC in most cases, then 
the new (natural) AV formula is AV = T x +ks . Figures 16–17 il-
lustrate the simulated natural AV distributions with critical 
AV values (i.e., 13.5 and 9.8 for n = 10 and 30, respectively). 
Such values are slightly increased (i.e., from 12.5 to 13.5, n 
= 10, and 9.1 to 9.8, n = 30). The two figures, however, are 
intended for “For Information Only” as the detail is out of 
the scope of this part. 

In the compendial AV formula, the value of CU sample 
means ( x ) is also important. One should need to know the 
natural ranges for mean data (i.e., know if the data are sta-
tistically acceptable). For n = 10, for example, the tolerance 
range should be 15∕√10 = 4.74 (i.e., the means should fall 
within 95.26–104.74% LC, assuming that the true mean is 
100% LC). 

The number 15 is commonly used as the tolerance range 
for individual data (i.e., derived from 115 - 100 or 100 - 85 
[- is minus]). If divided by the square root of sample size, 
the result of 15√n  will become the corresponding range 
for the mean (average) data for sample size n. If n = 30, the 
range is 15√30 = 2.74 (i.e., the means should fall within 
97.26–102.74% LC, under the same assumption). 

For n = 60, 70, and 140, the tolerance ranges will be 1.94, 
1.79, and 1.28, respectively. However, the justified working 
ranges covering, say, the unavoidable errors (e.g., lot mean 
error) are essentially required. Suppose the following jus-
tification criteria are given:

• Unit (individual) content range: ±15% of the lot mean
• Content mean (average) range: ±15√n% of the lot mean 

(this criterion is in the same manner as standard error 
of the mean σ∕√n)

• Lot mean (average) range: ±10% error of unit content 
range (15), i.e., ±1.5% of the target (note: ±10% is just 
a guidance value. For practical implementation, the 
value needs to be determined on the basis of process 
by process.).

For calculation example, if n = 10, the lower and upper 
CU mean limits are (100 ± 1.5) ± 15∕√10 (i.e., 93.76 and 
106.24, or rounded to 94 and 106% LC). Using the same cri-
teria, the CU sample means for sample sizes n = 30, 60, 70, 
and 140 will have the working ranges as follows: 96–104%, 
96.5–103.5%, 97–103%, and 97.5–102.5% LC, respectively.

Conclusion
From the simulation study, meeting the AV acceptance lim-
its alone is not effective enough for product release. Ad-
ditional acceptance criteria to form the expanded criteria 

are essentially required to provide complete confidence on 
Uniformity of Dosage Units of the products. 

In validation batches, meeting expanded acceptance cri-
teria 1 (AV, probability, and lot coverage 2 introduced in 
Part three of this paper) will guarantee that NLT 99.999% 
of the dosage units in each batch will fall within 75–125% of 
label claim while the corresponding lot coverage 1 is 98.40% 
(n = 30) at minimum as illustrated in Figure 9. For larger 

Figure 15: RSD distributions with critical RSD values: n = 10 

and 30. RSD is relative standard deviation.

CV Distribution, n = 10, Lot CV = 10%

CV Distribution, n = 30, Lot CV = 10%
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Figure 16: Simulated natural acceptance value (AV) distribution 
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(red color; n = 30).
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samples, such coverage results will be greater, e.g., 99.32% 
(n = 70, Figure 9). 

In routine batches, meeting the compendial accep-
tance limits will imply only that NLT 90% of the dosage 
units in each batch will fall within 85–115% of LC. By 
definition of the working acceptance limits introduced 
in this article, meeting the limits will also guarantee that 
batch release operation is successful at NLT 95% of the 
time (95% coverage). AV data of the historical batches, 
or even continued process verification batches, may be 
evaluated using AV chart (trend analysis) and can also 
be used to determine if the true CpK on average at NLT 
1.33 is achieved.
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Airflow visualization studies (i.e., smoke studies) are conducted 

to confirm unidirectional airflow patterns within an aseptic 

processing facility. Static studies are intended to document that the 

airflows within the Class A/ISO 5 zones are unidirectional and cascade 

out to the zones with lower cleanliness requirements. Dynamic 

studies should document that airflow within the Grade A/ISO Class 5 

filling lines is unidirectional and sweeping down and away from 

sterile equipment surfaces, container/closure systems, and product. 

Dynamic studies work to confirm that facility and equipment design, 

equipment operation, and personnel aseptic manipulations 

(i.e., interventions) do not disrupt the “first air” (i.e., air exiting the 

high-efficiency particulate air filters within the Class A zone are 

essentially particle free, in a unidirectional manner) to critical areas 

where sterile surfaces, materials, and products are exposed.

 Inadequate airflow (e.g., turbulence due to line design issues and 

first air disruption during interventions) in the critical Grade A zones, 

where sterile products and components are exposed, could lead to 

the introduction of contaminants into drug products as they are being 

filled and stoppered, posing a risk to product sterility. 

A product contamination risk can result if first air is disrupted by 

passing over non-sterile surfaces of equipment, tools, components, 

or operators on its way to exposed sterile product, components, 

and equipment. Any viable or non-viable matter on these non-sterile 

surfaces can be dislodged and introduced as contaminants into the 

sterile drug product.

A successful smoke study report will include a thorough analysis 

of the study, justifying that satisfactory airflow under static 

and dynamic conditions was achieved. If the smoke study finds 

Airflow visualization studies 

confirm unidirectional 

airflow patterns in an aseptic 

processing facility.

How to
Plan
Smoke
Studies

Manuel M. Garza is a 

principal consultant with 

PAREXEL Consulting, a 

subsidiary of PAREXEL 

International, 

manuel.garza@parexel.com.

unacceptable air flow (e.g., first air 

disruption by equipment operation 

and/or personnel interventions) 

or turbulence, an investigation 

should identify the root causes 

and recommend actions to be 

taken (e.g., filling line or equipment 

modification, change in personnel 

behaviour/aseptic technique, 

adjustment of air velocities). 

Turbulent airflow may be 

acceptable in closed systems, 

such as an isolator, provided that 

studies demonstrate that acceptable 

particulate levels can be maintained. 

Smoke study video recordings 

are considered data that should 

be maintained as any other data 

generated on site. 

GMP requirements
Although the US Food and Drug 

Administration (FDA) good 

manufacturing practice (GMP) 

regulations do not specifically refer 

to smoke or airflow visualization 

studies, FDA has issued 

observations using FDA Form 483 

and warning letters citing the lack of 

smoke testing or inadequate smoke 

testing to establish appropriate 

airflow that reference the following 

sections of US 21 Code of Federal 

Regulations (CFR) Part 211, Current 

Good Manufacturing Practice for 

Finished Pharmaceuticals (1): 

211.113(b) Appropriate 

written procedures, designed 

to prevent microbiological 

contamination of drug 

products purporting to be 

sterile, shall be established 

and followed. Such 

procedures shall include 

validation of any sterilization 

process.

211.63 Equipment used in 

the manufacture, processing, 

packing, or holding of a 

drug product shall be of 

appropriate design, adequate 

size, and suitably located 

to facilitate operations for 

its intended use and for its 

cleaning and maintenance.

21 CFR Part 211.113(b) is generally 

cited when the video shows operator M
c
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activities are contributing to 

turbulence or the true air flow cannot 

be demonstrated based on the poor 

placement of the smoke source and 

camera angle. 

21 CFR Part 211.63 is generally 

cited when the video shows the line 

design/equipment placements are 

contributing factors to turbulence.

Elements of a 
smoke study protocol
Airflow smoke studies should be 

performed during qualification of 

new facilities, following changes in 

facilities impacting the sterile core 

(e.g., air-handling systems or aseptic 

processing equipment), and following 

changes/improvements in aseptic 

activities/interventions. 

The smoke study protocol should 

clearly define the objectives, 

responsibilities, tools to perform the 

study, and acceptance criteria for 

static and dynamic conditions. 

To ensure a strong smoke study, 

the following elements should be 

included in the plan:

• Responsibilities for developing, 

implementing, reviewing, and 

approving the smoke studies

• A floor diagram of each filling 

room including details within the 

filling line and the equipment, 

carts, etc. in the support areas 

surrounding the filling line (The 

floor diagram can mark the 

general position where the 

operator will perform each type of 

intervention, the general position 

of the smoke source and camera 

position(s) to effectively capture 

each intervention. These floor 

diagrams are helpful to identify 

to the inspector where the 

intervention is being performed 

and the location of the camera 

because some smoke study 

views are too close up to clearly 

show where on the line this is 

occurring.)

• Type of smoke generators to use 

and smoke source (e.g., water 

for injection or deionized water 

heated and combined with liquid 

nitrogen or dry ice)

• Acceptance criteria, as applicable 

(see following section) 

• Actions to take if acceptance 

criteria are not met (e.g., an 

investigation to determine the 

root causes and implementing a 

corrective action and preventive 

action [CAPA] to eliminate a 

recurrence of airflow disruption. 

Note that after implementation of 

the CAPA, a new smoke study is 

performed.) 

• The process for identifying each 

intervention shown on the video 

(e.g., a placard or slide can 

precede each intervention and/or 

narration as each intervention is 

performed).

The smoke study 
protocol should clearly 
define the objectives, 
responsibilities, tools 
to perform the study, 
and acceptance criteria 
for static and dynamic 
conditions. 

Acceptance criteria include the 

following: 

• Static conditions within the 

Grade A filling lines show 

unidirectional airflow patterns 

sweep down and/or away from 

the exposed product, product 

contact packaging components, 

and product contact surfaces.

• Dynamic conditions within 

the Grade A filling lines show 

unidirectional airflow remains 

stable during interventions with 

no disruption of first air to critical 

areas where sterile surfaces, 

materials, and products are 

exposed. 

• Air from outside the critical 

Grade A/ISO Class 5 area is not 

drawn into the critical zone during 

interventions.

• Sufficient smoke should be 

generated to allow the smoke 

to merge with the airflow and 

visually display its direction.

• The smoke source is positioned 

to allow sufficient smoke to enter 

the airflow over the operator 

and tools (e.g., forceps) during 

the intervention to visualize the 

impact of this activity on the 

airflow. As the operator and tool 

moves within the Grade A filling 

line during the intervention, 

gradually move the smoke source 

to follow these activities to allow 

continuous visualization of the 

impact of the operator’s activities 

to the first air.

• Do not generate excessive 

smoke. The density of the smoke 

may prevent a clear view of the 

operator, the intervention, and 

impact on airflow. 

• All interventions occurring in 

actual filling operations and 

simulated in media fills must 

be accurately simulated in 

smoke studies. Be prepared 

to provide a master list of all 

known interventions for each 

drug product filling operation by 

container/closure system on each 

filling line configuration and the 

supporting smoke study or smoke 

studies.

• Include ergonomic considerations; 

if multiple personnel of different 

stature (e.g., short vs. tall) 

perform the same intervention in 

a different manner and/or require 

different tools or aids, include this 

in the smoke studies.

• All filling line and filling room 

equipment configuration and 

placement represent those utilized 

in current routine processing and 

media fills. All applicable standard 

operating procedures and any other 

reference material that may be 

necessary to verify the accuracy of 

the room configurations, equipment 

operation, and personnel 

intervention should be referenced 

or attached, as necessary. 

Executing the 
smoke study protocol
Smoke studies are generally not a 

routine event performed at a recurring 

fixed timeframe in the same manner. 

New or additional smoke studies may 

involve changed or different filling 

rooms, different interventions, new 

or different smoke sources, different 

video cameras, or different personnel, 

for example. Given these variables and 

the cost, time, resources, and effort 

necessary to carry out a successful 

smoke study, it is best to carry out a 

rehearsal of these activities to identify 

any unforeseen barriers or limitations. 

Consider the following:

• Determine where and how the 

smoke source(s) will be placed 

within the filling line. Based on 

http://PharmTech.com/
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space and design limitations, 

different types/sizes of smoke 

sources may be needed. 

• Practice how the person holding 

the smoke source will follow 

the operator performing the 

intervention to ensure the 

smoke is always correctly 

positioned. Common errors 

occur when the smoke source 

is not held over the operator as 

he performs the intervention, 

not moving the smoke source as 

the operator moves, and having 

the smoke source in continuous 

motion, thus preventing a 

clear view of the impact of the 

operator on airflow.

• Determine the positions for the 

camera to capture the operator 

performing the intervention in its 

entirety. For some interventions, 

based on the filling line design 

and space limitations, it may 

be necessary to video the 

activity from multiple angles to 

clearly show the impact of the 

intervention on the airflow. 

Ensure the persons responsible 

for taking the video have the skills 

to consider how variables such as 

distance, angle, lighting, camera 

movement, and other variables can 

impact the video to minimize the 

number of re-shoots necessary 

to capture the intervention and 

its impact on airflow clearly. The 

video shoot should have a director 

to manage and control all the 

personnel involved in performing 

the interventions, positioning 

the smoke source(s), and the 

videographer(s) to ensure the event 

is performed accurately, captured 

clearly and completely on video or, 

if not, repeated.

Large pharmaceutical companies 

with numerous and different types 

of aseptic filling operations and 

environmentally controlled support 

rooms may have communication 

and coordination challenges under 

some situations, such as when 

numerous smoke study teams work 

simultaneously, at times, around the 

clock to complete all smoke studies 

during the firm’s plant shutdown 

or when private smoke testing 

contractors and/or personnel from 

other corporate divisions or sites 

are brought in to assist in the smoke 

studies. Managing these diverse 

groups, some of which may have 

never worked together and may have 

differing views about smoke studies, 

will require close quality assurance 

(QA) oversight to ensure consistent 

implementation of the smoke study 

protocols. 

Smoke study final report
The smoke study report review 

process should not lose focus that 

a key element of the review is the 

video itself and not principally the 

unexecuted protocol that contains 

all the expectations. Upon execution, 

if the video does not clearly and 

unequivocally show the adequacy 

of airflow when interventions 

were performed accurately on the 

filling line set-up as currently used, 

acceptance criteria have not been 

met. The review of all the static and 

dynamic smoke study videos should 

involve subject matter experts 

(SMEs) from the various departments 

involved to ensure all depictions 

in the videos accurately represent 

current practices. 

The final QA review to assess 

compliance with acceptance criteria 

can be challenging and may benefit 

by having additional reviews by 

other QA and/or SMEs not actively 

involved in producing the smoke 

study. Having a separate set of 

reviewers to critically review and, 

as necessary, challenge any views 

that are not clear or subject to more 

than one interpretation, may pick 

up weaknesses not apparent to the 

initial reviewers, which are the type 

of weaknesses that may be detected 

by a regulatory inspector. 

Non-airflow issues 
evaluated in smoke studies
Static and dynamic smoke study 

videos may provide many different 

views and close-up views within 

the sterile core that are not visible 

or clearly visible through the view 

windows or cameras into these 

areas. These views can identify 

other GMP issues for a regulatory 

inspector to pursue. For example, a 

clear view of the aseptic technique 

used in complex interventions 

could lead to further review of the 

technique for reproducibility as 

practiced currently. When viewing the 

condition of gowning and compliance 

with gowning requirements, any 

differences with current gowning 

practices will be evaluated. A view 

showing the facility and equipment 

complexity of design, age, and 

surface condition (e.g., excessive 

number of scratches or deep 

scratches/gouges, deterioration, 

rust) can lead to questions about 

how these surface conditions may 

impact the ability of current practices 

to consistently and effectively 

clean, sanitize, and sterilize these 

surfaces. Questions about preventive 

maintenance and part replacement 

practices in these critical areas may 

also be pursued.

As is the case with media 
fills, smoke studies only 
document the conditions 
occurring at the time the 
studies were performed. 

QA review of the smoke studies 

should not be limited to airflow 

issues but to the entire content of the 

video to ensure all GMP issues have 

been addressed, including those not 

directly related to airflow.

Conclusion
As is the case with media fills, smoke 

studies only document the conditions 

occurring at the time the studies 

were performed. QA and production 

department oversight should ensure 

the controls displayed in the smoke 

studies represent current practices 

used by all the other personnel 

performing similar activities but 

not involved in the smoke studies. 

Systems should be in place to detect, 

investigate, correct, and prevent 

recurrence of any variance from 

these controls and, as necessary, 

repeat the smoke study. 

This type of smoke study review 

and preparation can make the 

regulatory inspector’s review of 

smoke studies a relatively uneventful 

and routine step of the inspection, 

with the inspector generally satisfied 

with the videos.
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the data to prevent alteration, or 

measures in place to identify when 

data have been changed. It is noted 

that changing data is acceptable for 

appropriate reasons, such as the 

wrong entry (i.e., typing mistake) 

of a test result. It is not acceptable 

when data are changed just to meet a 

specification. 

Integrated electronic 
solutions
Electronic data capture offers 

significant productivity and security 

enhancements over paper-based 

records, but also introduces new 

challenges for information technology 

departments, users, and regulators. 

Challenges include preservation of 

data, technical aspects of system 

integration and validation, and 

acceptance of electronic systems, 

which require a higher level of 

technical capability. 

For confidence that data meet 

ALCOA+ standards, pharmaceutical 

companies and contract 

manufacturers are increasingly relying 

on integrated software solutions. 

Integrating the computerized 

systems that capture, collect, and 

archive data is one way to reduce 

the manual re-keying of data, thus 

reducing risk and improving integrity. 

Single data entry, coupled with the 

automatic transfer of that data across 

integrated systems, eliminates the 

possibility of human transcription 

errors and increases efficiency. Most 

significantly, it decreases lag time for 

manufacturing execution systems 

(MES) and production lines to receive 

data as they become available in a 

laboratory information management 

system (LIMS).

Without confidence in the 

integrity of data, such as quality 

and batch release data, there can 

be no confidence in the integrity 

of the drugs themselves. In today’s 

manufacturing environment, paper-

based and disconnected data 

systems don’t have any way to 

ensure that data are accurate and 

consistent—that they have integrity—

other than by involving extra steps 

of human review, which is not ideal. 

Reliance on human intervention 

increases risk, which can lead to 

unusable product, product recalls, 

The data that pharmaceutical manufacturers rely on to make quality 

decisions come from electronic systems, hybrid practices that 

incorporate both paper and software, or paper records alone. But the 

pressure is on, from regulatory agencies worldwide, to ensure the 

integrity of data supporting the product lifecycle, from drug discovery 

to product manufacture and, ultimately, release. The World Health 

Organization, the United States Food and Drug Administration (FDA), and 

the UK Medicines and Healthcare products Regulatory Agency (MHRA) 

have each issued guidance in the past few years to improve data integrity 

in pharmaceutical manufacturing. 

FDA, in its 2016 Data Integrity and Compliance with CGMP Guidance 

for Industry (1), noted it was seeing increasing violations of current 

good manufacturing practices (cGMP) stemming from data integrity 

infractions. Some of those violations were the result of an inability 

to audit temporary data that may have been entered, but not saved, 

into an electronic system. Within the industry, the expectation 

that data are attributable, legible, contemporaneous, original, and 

accurate (ALCOA) has been expanded to what is called ALCOA+. This 

new definition demands that the data also be complete, consistent, 

enduring, and available. 

These “plus” concepts help give a datum context, especially 

during future reviews and audits. In other words, ALCOA+ takes into 

account not just the data, and associated metadata, that exist at 

the time of collection, it also shows a complete picture of the data 

throughout its life to ensure data integrity. It is no longer appropriate 

to just demonstrate that data were collected and verified; data must 

be shown to remain unadulterated, accurate, and attainable. This 

demonstration can only be done when there are controls around 

Don DiPalma is director 

of Quality and Technical 

Services, and Jeff Vannest 

is senior director of Product 

Management, both at 

LabVantage, lvsinfo@

labvantage.com.

Integrated Systems 
Aid Data Integrity
Integrated computerized systems for data collection

improve data security and offer a solution for handling temporary data.
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and lost revenue associated with recalls; warnings, 

fines, or consent decrees; negative publicity; and most 

important, possible harm to trial subjects and patients. 

Therefore, various pharmaceutical companies are 

adopting strategies that reduce reliance on human/manual 

systems and deploying computerized systems instead. 

Although there is no single software solution for the entire 

pharmaceutical process, there are integrated systems and 

platforms that cover specific portions of pharmaceutical 

processes and that can be interconnected.

Integrated systems reduce risks and enhance product 

quality by using automated and systematic checks to 

verify data integrity. For example, solutions that integrate 

a LIMS, electronic laboratory notebook (ELN), and 

laboratory execution system (LES) into a single platform 

can effectively gather and share data on samples, 

methods of analysis, analytical results, environmental 

monitoring, and more, between the systems. These 

systems can also be integrated to enterprise resource 

planning, MES, and manufacturing control, which further 

enhances data integrity and efficiency.

New focus on temporary data
One aspect of data collection and integrity that is gaining 

attention is temporary data, which are data entered into a 

computerized system but not saved to the database, either 

accidentally or intentionally. As results are entered into 

a LIMS data entry page, it remains in a temporary state 

until the analyst commits it to the database. While in its 

temporary state, the results can be changed by the user, 

even multiple times. Such changes might be deliberate in 

order to make a sample meet certain specifications. 

For example, if the amount of product to be filled in 

a bottle relies on potency, an incorrect potency could 

cost the company money by adding too much to a bottle 

(reduced yield), by not adding enough (reprocessing), or 

by missing stability specifications (product recall). To err 

is human, and while not rampant, there is evidence of 

data tampering to fit specifications. Hence the focus on 

temporary memory.

FDA’s latest guidance (1) recommends placing this 

temporary data under control so it may be audited. 

Tracking any changes in temporary memory, therefore, 

increases the integrity of data and helps pinpoint when 

data are being manipulated into passing. This control can 

be achieved using dynamic auditing. Dynamic auditing 

tracks changes to data once it is entered into a data entry 

field and prior to the data being saved/committed to the 

database. Traditional auditing involves auditing of data 

after being saved/committed to the database. 

Benefits of integrated platforms
Integrated platforms can overcome the many potential 

ways in which data might be modified. Values entered into 

a connected system, via connected instruments, are not 

susceptible to transcription errors. It is much more difficult 

to modify data without authorization within a LIMS, 

particularly when data come directly from a connected 

instrument, compared to a paper-based system that 

relies upon observation and accurate, manual recording. 

Informatics systems, for example, can be designed to 

automatically save all entered data, to prompt a user to 

provide a reason for making a change, and to include all 

data in the audit review record. In addition, data entered 

into an informatics system can be checked for accuracy 

as it is typed; for example, an informatics solution can be 

configured to recognize that a pH cannot possibly have a 

value of 15 or a length cannot be negative.

Data from a connected system is still only as accurate 

and consistent as the interface that connects the 

component parts. Therefore, thorough verification and 

validation testing is crucial to demonstrate the reliability 

of the interface. An integrated LIMS/ELN platform, for 

example, offers a higher level of protection because no 

data are transferred between the two systems; instead, 

each datum is stored exactly once. Removing the 

double data entry and the duplication of values between 

systems over an interface between separate LIMS and 

ELN platforms reduces risk. 

Integration with manufacturing systems ensures data 

integrity by eliminating re-keying of data. The data are 

automatically transferred between interfacing systems, 

reducing the time lag between result generation and 

reporting, which can reduce overall production timelines. 

Integrated software solutions can make it much easier 

to achieve compliance with regulations, such as FDA’s 21 

Code of Federal Regulations Part 11 for electronic records 

and signatures (2) and the European Union’s Annex 11 (3)

for computerized systems in pharmaceutical companies. 

Data Integrity
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Data Integrity

These solutions enable human 

readable and printable audit trails 

and compliant electronic signatures. 

Pharma companies should also make 

sure the platform complies with new 

guidance on auditing data stored in 

temporary memory, that it does not 

allow users to change data that are 

marked as having come directly from 

an instrument, and that it features 

modern, secure, Internet-enabled 

system-interfacing capabilities. 
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Manufacturing Data Integrity

Data integrity is a crucial issue for both the laboratory and the manufacturing floor of a GMP 

pharmaceutical manufacturing facility. The Parenteral Drug Association’s (PDA’s) Data Integ-

rity Task Force aims to help industry members understand how to maintain data integrity. 

PDA published Elements of a Code of Conduct for Data Integrity in 2016, which is available for 

industry members to download from the PDA website, as well as other documents. Phar-

maceutical Technology Europe spoke with Els Poff, executive director of Merck & Co.’s Data 

Integrity Center of Excellence and member of PDA’s Data Integrity Task Force, who is currently 

leading the development of a PDA technical report about data integrity in manufacturing. 

PTE: The need for data integrity in the pharmaceutical laboratory seems clear, 

but what are the reasons that manufacturing floor personnel must also make data 

integrity a priority? 

Poff (PDA): Data integrity is the process of maintenance and assurance of accuracy 

and consistency of GMP data over its entire lifecycle, which includes data generated 

in the manufacturing/production areas. Recent citations from [US FDA] warning let-

ters include data integrity observations directly related to shop floor systems and 

processes, such as sharing of username and password, batch records with blanks (not 

filled in), data in batch records not directly recorded at the time it was generated, and 

audit trial function not enabled.  Although health authorities focused heavily on the 

lab systems initially, we do see a shift toward the more holistic expectation to have 

accurate and complete records, and that includes manufacturing records. 

—Jennifer Markarian

To read the complete interview, go to:

 www.PharmTech.com/keys-manufacturing-data-integrity
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Parenteral product quality is improving. Since 2014, when United 

States Pharmacopeia (USP) <790> “Visible Particulates in 

Injections” (1) became official, particle-related recalls of injectable 

products have dropped significantly (see Figure 1).  

However, “I want to be cautious and not give all of the credit to 

USP <790>,” says John G. Shabushnig, PhD, owner and principal 

consultant at Insight Pharma Consulting and leader of the Parenteral 

Drug Association’s (PDA’s) Visual Inspection Interest Group. “There 

was a lot going on during this period including significant recalls from 

compounding pharmacies; however, I do think having clear guidance 

on inspection and acceptance criteria was a contributor to this drop.” 

Publication of USP <1790> “Visual Inspection of Injections” (2) is 

another positive influence. Shabushnig says, “USP <1790> provides 

a more complete picture of good practices when implementing and 

operating a visual inspection programme. It also clearly discusses 

a lifecycle approach to inspection, with an emphasis on continuous 

process improvement and using inspection data to drive that process. 

Defect prevention should always be the primary goal.”

In addition, there continues to be a shift toward lower acceptable 

quality limit (AQL) values for acceptance sampling after 100% 

inspection, according to a benchmarking survey (3) performed in 2014 

by PDA. Shabushnig says, “This trend is especially true for critical 

defects, having moved from 0.10% to 0.065%. More firms are classifying 

particles as critical defects despite an implied classification as a major 

defect, which would have a mean AQL of 0.65%, in USP <790>. The 

subsequent PDA benchmarking survey for difficult-to-inspect products 

also showed that many firms have not adopted the supplemental 

(destructive) testing specified for these products in USP <790>. 

Examples include reconstitution of lyophilized or powder products or 

dilution or filtration of opaque or strongly coloured solutions.”

Hallie Forcinio 

is Pharmaceutical 

Technology Europe’s

Packaging editor, 

editorhal@cs.com.

Automated inspection
Wider adoption of automated 

inspection ranks as another 

positive force on  product quality. 

This effort begins with container 

production. “Aiming for zero defects 

in our pharmaceutical packaging 

production, we employ an automated 

inspection system (AIS),” reports 

Michael Feldhaus, director of 

Technology at Schott Pharmaceutical 

Systems. “This 100% visual inspection 

technology examines all key surfaces 

of our vials and cartridges and 

merges cutting-edge machine vision 

technology with our decades-long 

glass-forming expertise.”

Feldhaus explains, “Camera 

inspection allows for inline process 

control. The sensitivity and reliability 

of the system enable us to perform 

100% cosmetic inspection for vials 

and pen cartridges, resulting in high-

quality pharmaceutical containers. 

In addition, the data help us optimize 

process control.” 

With quality control demands 

escalating continuously, both the 

software and hardware used for 

cosmetic inspection have improved 

significantly. “For example,” Feldhaus 

says, “we have further developed 

our AIS software, which creates a 

3D image of the container based 

on visual material from multiple 

cameras with different light settings. 

This process allows the container 

surface to be analyzed in a more 

comprehensive way. Moreover, 

machine learning technology helps 

detect patterns and improve the 

process further. On the hardware 

side, higher processing power and 

improved illumination enable systems 

to provide more data and sharper 

images. In addition to using improved 

machinery, our employees regularly 

take part in training to strengthen 

their overall quality awareness and 

ensure our products meet high 

quality demands.”

Makers of parenteral packaging 

components such as closures 

and stoppers also rely on 

automated inspection. Datwyler 

Pharma Packaging Division uses 

advanced 100% camera inspection 

technologies and improved lighting 

sources to ensure product quality 

throughout its manufacturing 

process. Increased processing 

Improving 
Visual 

Inspection
Updated guidelines and 

new technologies aid 

visual inspection of 

parenteral drugs.
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power permits use of more powerful 

detection algorithms, which improve 

detection capabilities and minimize 

false rejects. As a result, “some of 

the most critical production defects 

have been brought to the lowest 

level ever recorded,” reports Dirk 

Vander Mierde, Datwyler’s site 

director in Alken, Belgium. Potential 

defects caught by the system 

include the presence of foreign 

matter, deformation, or damaged 

coating. In addition, any rejects 

undergo additional inspection to 

help identify ways to improve the 

process. 

On parenteral packaging lines, 

automated inspection tends 

to be limited to high-volume 

operations due to capital and 

validation costs. As a result, 

manual inspection continues to 

dominate with approximately 50% 

of firms relying on it, according 

to the 2014 PDA benchmarking 

survey (3). Shabushnig reports, 

“Approximately 30% use automated 

inspection with the remaining 20% 

using semi-automated systems.” 

He notes, “This is actually a drop 

in the response rate for automated 

inspection since the 2008 survey 

(3). This does not, however, mean 

that fewer companies are using 

automated inspection; rather, there 

are differences in which companies 

respond to the survey each year. 

More importantly, the survey is 

structured so that each company/

site has a single ‘vote.’ That vote 

counts the same if the company/

site is making 10,000 or 100,000,000 

units each year. If the results were 

normalized for units produced, I 

believe we would see more units 

inspected by automated systems. 

We should also note that manual 

inspection continues to be the 

reference visual inspection method 

in all of the pharmacopeias and 

that smaller-volume operations will 

continue to use manual inspection 

for the foreseeable future. 

Automated inspection does not 

ensure greater detection ability, and 

a well-run manual inspection process 

is very capable of delivering a 

high degree of security.” 

Improvements to 
inspection equipment
Meanwhile, automated inspection 

continues to evolve and protect 

product quality with enhanced 

lighting, flexibility, container handling, 

and speed. 

“LED lighting has provided a great 

improvement to our automatic 

inspection machine (AIM) in several 

ways,” reports Jose Zanardi, head 

of Vision Technology Engineering at 

Bosch Packaging Technology. LED 

lighting reduces downtime due to 

less frequent bulb changes and post-

change verification. It also provides 

a consistent light level, eliminating 

the need for the inspection machine 

to compensate for light degradation. 

Compared to the halogen lighting it 

replaces, LED illumination generates 

less heat, eliminating concerns about 

product exposure to potentially 

damaging temperatures and the need 

for time-out programming for lamps. 

“LED lights offer both precision 

and flexibility,” says Christopher 

Nerreau, area sales manager at 

Laetus US, which introduced LED 

lighting for machine vision in 1994. 

Combining low cost and easy 

implementation, options address 

virtually any application with 

bicoloured, ultraviolet, or standard 

LED illumination.

Higher resolution cameras and 

customizable software also enhance 

flexibility. For example, Bosch’s 

Halcon vision system in its flagship 

AIM 8 series provides a standard 

vision tool that can be customized 

to maximize identification of visual 

defects. Zanardi notes customized 

inspection algorithms are essential 

to protect the quality of parenteral 

products. He explains, “Most of 

the medicines produced today 

pose challenges for inspection due 

to product clarity, viscosity, and 

fill volume, as well as container 

challenges such as dual chamber 

design, increased use of plastic, and 

influence of siliconized components, 

which attract both product and 

foreign particles.”

Other new features on equipment 

from Bosch include a patented, 

dynamic puck material handling 

system. It eliminates glass-to-glass 

or glass-to-hard-surface contact 

and minimizes size changeover time 

via a semiautomatic puck exchange 

system. Finally, Bosch has developed 

a fourth-generation static division 

unit. The SD4 module inspects 

particles in motion and offers the 

highest reliability for solutions and 

light suspensions with easy-to-

develop recipes and validation.

Despite advancements in software, 

off-line image storage and analysis, 

and inspection speed, automated 

Figure 1: FDA recall notices for particles in injectable drug products, 2010–2017. 

Prepared by John Shabushnig with data obtained from the FDA Recall and Safety 

Alerts Archive, www.fda.gov/Safety/Recalls/default.htm, accessed 13 March 

2018. Figure is courtesy of John Shabushnig.
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inspection systems using machine vision still pose 

challenges related to tuning and validation complexity. 

“Machines also have difficulty in managing the ‘normal’ 

variation found in many container closure systems,” says 

Shabushnig. “This difficulty is especially true for molded 

vials, which results in a high false reject rate (i.e., acceptable 

units that the machine rejects to assure that true rejects are 

detected with sufficient sensitivity and certainty).”

In addition, challenges remain with line integration 

and interpreting inspection results. Shabushnig 

explains, “In most cases, a scratch and a crack look the 

same to a machine yet have differing risks to patients 

(critical vs. minor). This limitation makes analyzing 

reported inspection results difficult and often requires 

a reinspection of rejected units to assess the type of 

defects found in the batch.” 

For optimum line performance, automated inspection 

must integrate with equipment before and after filling. 

Nerreau notes, “There is a wide variety of parenteral 

products requiring vision solutions. Some examples 

include: using colour identification to recognize colour-

coded needles, pattern matching to identify missing 

products in the package, optical character recognition 

to identify expiration dates on vials, and serialization for 

security.” Each application poses challenges for machine 

integration.  

Prior to filling, inspection equipment typically connects 

to exterior washing or capping machines. After filling, 

the typical connection is to container closure integrity 

testing equipment using high voltage or laser headspace 

or vacuum technology, or to a re-nester/re-trayer for 

syringe applications. “Ensuring proper container transfer 

with sensors to manage product flow is essential to the 

integration process,” says Zanardi. In projects where 

glass-to-glass contact must be eliminated, precise design 

engineering is necessary to assure that container handling 

and machine starts and stops do not damage the product 

or the machine.

“To perform complex image processing tasks in quality 

control environments, it is essential that the camera and 

lighting systems are tailored to the specific application,” 

says Nerreau, adding, “It is imperative for any machine 

integration to include extensive discussions and intensive 

consultations early on, along with a personal survey of 

the production environment.” 

Next steps
With the industry focused on quality improvement, 

visual inspection continues to be a hot area, reports 

Shabushnig. A project at PDA is addressing visible 

particles in injectable products, with a current focus on 

improvements to the primary packaging materials. It 

seeks to better understand the risks as well as methods 

to detect and control particles in these components. 

This project is supported by both pharmaceutical 

manufacturers through the Pharmaceutical 

Manufacturers Forum and a number of primary packaging 

component manufacturers. 

PDA’s Visual Inspection Interest Group met in April 

2018 in the United States and in Europe to discuss 

the draft revision of Annex 1 (4). “Changes included 

significant expansion of sections associated with visual 

inspection and container integrity,” says Shabushnig. In 

addition, PDA continues to provide hands-on training in 

the area of visual inspection in the US, Europe, and Brazil.  

Meanwhile USP continues to review comments and 

 suggestions for USP <790> and <1790>. “Current topics 

of interest include the selection and use of sampling 

plans for USP <790> and using risk-based methods to 

set alternative acceptance criteria for particles,” reports 

Shabushnig. “The Expert Panel responsible for these 

chapters is always interested in feedback to improve the 

understanding and use of these chapters,” he concludes. 
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product’s ability to withstand the 

hazards of distribution. Table I 

compares the main differences 

between ASTM and ISTA standards 

for pharmaceuticals. 

The level of severity for test 

conditions  must be based on real-

world shipment conditions and the 

desired safety margin. To optimize 

system validation tests, end users 

must know the distribution cycle, 

schedule, duration, severity level, and 

acceptance criteria, each of which 

may differ between sites or from one 

product to another.  

Packaging engineers can be 

instrumental in defining the system to 

be tested, as well as in developing the 

most meaningful testing programme. 

Testing parameters and sample 

configurations can only be selected 

once the transportation cycles 

and the type of impact received by 

the load during transportation are 

well understood. Developing this 

understanding, however, requires 

preliminary testing and analysis. 

Defining adequate testing 
The test protocol must simulate 

the lifecycle phases of the shipped 

product. Knowledge of the product 

and the type of transportation used 

(both the means of transportation 

used and the sequences involved) are 

crucial to understanding the shipping 

cycle and to providing adequate safety 

margin during the qualification testing 

programme. 

For example, ASTM D4169’s 

distribution cycle DC12 is 

representative of the typical 

shipment shown in Table II for 

loads >68.1 kg (150 lb.) or unitized 

shipments. DC12 includes six modular 

test programmes adapted to simulate 

each segment of the projected 

distribution with impact (horizontal 

impact, rotational flat drop, and edge 

drop), low pressure (representative of 

shipment by plane or high altitude), 

and vibration tests. 

A four-step testing approach 
An integrated, four-step  approach 

(Figure 1) has been developed to 

clearly understand, based on testing, 

the behaviour of the given shipping 

system under real and normalized 

testing conditions. This approach 

Current regulatory guidelines provide clear insights into end-user 

responsibility for validating the shipping of liquids in single-use 

systems. At this point, however, there is no specific expectation or 

dedicated regulatory guidance on the subject. 

The US Food and Drug Administration (FDA), the European 

Medicines Agency (EMA) (1,2), and other regulatory bodies require that 

companies have qualified processes and can prove that the process 

will meet the quality standards of the final drug product. Guidance 

like the Parenteral Drug Association (PDA) technical report TR66 (3) 

provides following recommendation: “Shipping systems must be 

qualified for their intended use through proper design and testing in 

consultation with a packaging engineer.” 

Drug manufacturing processes include more frequently 

international shipment which have to be defined.  A risk assessment 

of the potential impacts of vibration, handling, delays, and seasonal 

variation on product should be established. 

Shipment tests can be based on international standards such as 

the American Society for Testing and Materials’ (ASTM) D4169 or the 

International Safe Transit Association (ISTA) 3 series. Shipping and 

packaging expertise is necessary to define the appropriate  validation 

level depending on the system used and the types of distribution 

cycles.

Current international standards
ASTM D4169 (4) and ISTA 3 series (5) are both well-known standards 

for shipping systems. They provide standardized validation methods 

using a variety of simulated shipping hazards and aim to compare or 

evaluate the effectiveness of protective packaging and/or a packaged-
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provides data that allow a final 

qualification protocol to be chosen 

that will guarantee the system’s 

safety with a measurable safety 

margin (6).  This approach for liquid 

shipping validation has been taken 

with Flexsafe3D shipping systems, 

shown in Figure 2.

 Table I: International standards for shipping tests under worst-case conditions.

ASTM D4169 - Standard Practice for Performance Testing of Shipping 

Containers and Systems 
ISTA 3 Series: General Simulation Performance Tests

General Simulation tests covering a range of package types 

and distribution scenarios. The user must choose from tests, 

alternatives, intensities, sequences and specific procedures 

based on packaged-product and distribution characteristics. 

Applicable across broad sets of circumstances, such as a 

variety of vehicle types and routes, airplane, boat, rail, or a 

varying number of handling exposures. Tests are carried out 

sequentially on the same package.

Distribution Cycles (DC):  DC should be chosen close to the 

projected distribution, e.g.,:

- Preconditioning and conditioning

- Handling: Manual and mechanical

-  Shock (Horizontal impact, Rotational flat drop and Edge drop)

- Truck vibration

- Low pressure (high altitude) 

- Compression and stacking

Three levels of severity (I, II, III) are described in the ASTM D 4169

Designed to provide a laboratory simulation of the 

damage-producing motions, forces, conditions, and 

sequences of transport environments. 

Applicable across broad sets of circumstances, such as a 

variety of vehicle types and routes, or a varying number of 

handling exposures. 

For example: 3E & 3H tests consist of seven to 15  individual 

tests that are carried out sequentially on the same package.

These tests simulate the handling and transit required in a road 

distribution network and cover truck transport only. They are 

composed of sequences, including, for example:

- Preconditioning and conditioning

- Shock (Horizontal impact, rotational flat drop and edge drop)

- Truck vibration only

- Compression (stacking)
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time axis to a frequency axis using 

Fast Fourier Transform, in order to 

obtain the vibration level reading in a 

power spectral density (PSD) curve, as 

shown in Figure 5. In this example, the 

number of vibratory events per hour 

varies greatly during the distribution 

cycle.  This is due to the fact that events 

are especially intense during truck 

transport in India and the final phases of 

transport on the airport tarmac. 

logger and shipped under two real 

transportation cycles, as shown in 

Figure 3. Under the supervision of 

a trained packaging engineer, the 

resulting data can be visualized with an 

event chronogram (Figure 4). 

For example, the recorded vibration 

levels provide complex and chaotic 

acceleration measurements over 

time. The vibration levels must be 

mathematically transferred from a 

Step 1: Real shipping conditions.

Recorded data provide snapshots of 

what can happen during the chosen 

real transportation cycles, including 

a variety of conditions that would be 

found in truck or airplane transport, 

or in cases that involve long-distance 

travel, and severe road conditions. 

Each of the filled 100-, 200-, and 

500-L Flexsafe 3D Bags in its shipping 

Palletank was equipped with a data 

Figure 1. Four-step testing approach. Figure 2. Testing with 100-, 200-, and 500-L 3D bags.

Lid

Lid

Holding rods

Steel plate

Foam

Dunnage foams

Bottom port
protection

Shipping kit

 Table II: ASTM D4169’s Distribution Cycle Number 12. 

Test name Short description Tests example for unitized load

Schedule A: Handling Manual & mechanical handling determines 

the ability to withstand loading, unloading, 

stacking, sorting, palletizing operations

Example: Mechanical handling:

-  Fork lift handling – rotational flat drop test 

ASTM D6179

-  Side impact test – horizontal shock on sides 

of the shipping unit ASTM D880

-  Truck handling – ASTM D6055

Schedule D: Stacked vibration Stacked vibration determines the ability to 

withstand the dynamic compression forces 

resulting from vehicle stacking

Example: 

-  stacked load to be calculated and stacked 

system submitted to random vibration 

profile - ASTM D4728

Schedule I:

Low pressure (High Altitude) 

Hazard

Estimates the potential impact of reduced 

pressure when the system is transported via 

aircraft.

Usual recommended test conditions: ASTM 

D6653 at a pressure equivalent to 4267 m 

(14,000 ft) for a period of 60 min.

Schedule E: Vehicle vibration Subjects the load to a random vibratory profile Truck vibratory profile ASTM D4728, Method A

Air vibratory profile ASTM D4728, Method A

Schedule J: Concentrated 

Impact

Simulates anticipated low level concentrated 

impacts that are likely to be received by 

packages during sorting operations and in transit

Test method described in ASTM D6344

Schedule A:

Handling

Determines the packaged product’s ability to 

withstand loading, unloading, stacking, sorting, 

and palletizing operations

Example: Mechanical handling:

-  Fork lift handling – rotational flat drop test 

ASTM D6179

-  Side impact test – horizontal shock on sides 

of the shipping unit ASTM D880

-  Truck handling – ASTM D6055
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shipping system behaviour when 

submitted to severe physical 

conditions (Figure 6).

Characterization tests allow the 

definition of which norm should be 

used for the final qualification by 

assessing the most stringent testing 

programme possible. Qualification 

II, and III and ISTA 3E requirements. 

Transportation configurations (with 

and without a pallet between the 

vibratory table and the palletank) 

were tested to define the worst-case 

scenario for qualification testing. 

Analysis of the results provides 

complete knowledge about the 

Step 2: Testing under lab 

conditions, following ASTM D4169 

and ISTA 3E. One each of a 100-, 

200-, and 500-L Flexsafe 3D Bags 

was filled with water in its shipping 

palletank and equipped with a data 

logger. Each bag was then tested 

according to ASTM D4169 Levels I, 

Figure 3. Real transportation cycles.

Cycle 1 – This shipment

represents a transportation of

more than 3,000kms / ~1,900

miles.

Reims

Paris

France

France

Spain

Valence

3,000 km
or

1,900 miles

3,000 km
or

19,000 miles

India
400 km

or
250 miles

Bangalore

Data were recorded during each cycle to quantify vibrations (intensity, duration, shakes)

and the level of shocks experienced by the load during the transportation of different

system configurations. 

Cycle 2 – This shipment from Europe to India

represents a transportation of more than

30,000kms / ~19,000 miles including 400 km

of truck driving in severely challenging road and other

conditions.

Figure 4. Event chronogram for two 100-L bags in their Palletank. 

100L-2100L-1

INDIA

Date in Europe (US format)

N
u

m
b

e
r 

o
f 

e
v
e
n

ts
 p

e
r 

h
o

u
r

TarmacTruck Plane

*VUULJ[�^P[O

7OHYT;LJO

7OHYTHJL\[PJHS�;LJOUVSVN`�,\YVWL

OHZ�H�]PIYHU[�HUK�HJ[P]L�VUSPUL�ZVJPHS�UL[^VYR�

*VU[YPI\[L�[V�V\Y

MHZ[�NYV^PUN�JVTT\UP[`�\ZPUN!

>LIZP[L!��7OHYT;LJO�JVT

;̂ P[[LY!��7OHYT;LJO�JVT�;̂ P[[LY

3PURLK0U!��7OHYT;LJO�JVT�3PURLK0U

��

�

�

#

http://www.pharmtech.com/
http://www.pharmtech.com/Twitter
http://www.pharmtech.com/LinkedIn
http://www.pharmtech.com/LinkedIn


52    Pharmaceutical Technology Europe MAY 2018  PharmTech.com

Shipping Single-Use Systems

Secondly, characterization tests 

provide the worst-case shipping 

conditions: depending on the 

configurations (e.g., with or without 

pallet, or using one or two systems 

per pallet). Results of the tests can 

differ significantly, especially in terms 

of condition severity. 

Finally, the tests allow for a 

compartison of the levels of intensity 

between ASTM and ISTA testing. 

In the example (Figure 7), Physical 

shakes have been chosen to 

demonstrate the level of severity for 

ASTM D4169 level II and ISTA 3E for 

each volume (100-, 200-, and 500-L). 

The acceleration seen by the shipping 

system when submitted to these 

normalized tests shows clearly that 

ASTM D4169 level II is more stringent 

than ISTA 3E.     

Step 3: Determination of the final 

qualification testing programme 

by comparing real shipping data 

with laboratory characterization 

data for the shipping systems.

Comparison of real transportation 

measurements and data obtained 

during ASTM D4169 and ISTA3E, in 

addition to typical transportation 

cycle analysis, allows the definition 

of an adequate testing protocol. 

This comparison is performed on all 

physical entities. The comparison is 

illustrated in Figure 8, in terms of 

PSD, the root mean square or G
rms

 

value, and shakes for horizontal and 

vertical shocks. 

Step 4: Final qualification 

testing programme performed 

on filled Flexsafe 3D bags in their 

shipping Palletank according to 

ASTM D4169, assurance level II 

at 4 °C (39 °F) and 40 °C (104 °F). 

In this stage, 100-, 200-, and 500-L 

Flexsafe 3D bags that had been 

gamma irradiated at 50 kilogray (kGy), 

were set as the worst-case level. 

The bags were filled with water and 

installed in their shipping palletank, 

each with a shipping kit. Four bags 

per volume taken from two different 

batches were tested under the 

testing protocol defined previously. 

Qualification tests were performed 

at 4 °C (39.2 °F) and 40°C (104 °F) 

with previously defined worst-case 

configurations.

The same bags were tested after one 

and three years of accelerated ageing. 

reliability of the shipping system 

when product is shipped in real 

conditions. 

tests should be established  in 

order to provide adequate safety 

margins, thus guaranteeing the 

Figure 5. PSD graph for 100-L real transportation. 
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applicable to the intended use of the 

biopharmaceutical product. 

Finally, the end-user should 

vendor’s claim for its products. 

In addition, each claim should 

be verified to ensure that it is 

The validation protocol was based on 

ASTM D4169-14.  Distribution cycles 

numbers 12 and 14 were selected as 

the closest to the normal transportation 

conditions in the biotech industry, as 

shown in Table III.  

For each test sequence, the test 

method and severity level must be 

specified for the ASTM D4169-14 

distribution cycles.  Qualification 

protocol choices are shown in Table 

IV. Several options are available. The 

best choice depends on knowledge 

of real transport conditions, the type 

of system being transported, and the 

severity of conditions in that mode of 

transport. 

After ASTM tests cycles, visual 

inspection and dye penetration tests 

were used to inspect the bags for 

damage or leakage, and to find any 

system damage. The following criteria 

were used:  

• Visual inspection during test—no 

leak, no damage on the system

• Visual inspection of the emptied 

bag—no leak

• Dye penetration test on emptied 

bag—no leak.

Results of shipping liquid-filled bags 

using ASTM D4169 cycle 12 & 14, level 

II after storage during 72 hours at 4 

°C (39.2 °F) and at 40 °C (104°F) are 

shown in Table V.

Buyer beware: 
end-users are responsible
Shipping is a complex and challenging 

function. The end-user should not 

simply rely on system or material 

vendors’ claims (e.g., of their 

products being “ISTA certified” or 

“ASTM compliant”). It is important 

to understand what is behind each 

Figure 7. Severity graphs comparing ISTA 3E 240 min and ASTM D4169 level II 90 min.

Figure 8. Data analysis for a 200-L shipping system.
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 Table III: Choice of ASTM D4169-14 distribution cycles.

# Distribution Cycle

12 Air (intercity) and motor freight (local), over 150 lb. (68.1 kg), or unitized

14 Warehousing (partial cycle to be added to other cycles as needed)
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understand the trial conditions 

used in the vendor tests and 

compare them closely to conditions 

for their specific application. The 

acceptance criteria (for both bag 

and shipper), the test protocol, and 

trial conditions must also be closely 

considered.

Shipping validation must be 

carefully defined. This requires close 

collaboration between the end-user 

and vendor, with parameter setting 

linked to actual use.

Collecting vibration data on real 

shipments will help the end user and 

vendor to understand the physical 

constraints of the shipping mode 

and select the best protocol to 

replicate them in laboratory testing. 

The limits of the system should be 

defined using knowledge of the 

 Table IV: Qualification protocol choice.

Test sequence Comments on life cycle Chosen test program

1 Pre-conditioning Depend of customer usage 

temperature range

4 °C (39.2 °F) or 40 °C (104 °F) during 72 hours

2 Mechanical handling Handling, loading, unloading 

and sorting (storage area, truck 

loading, plane tarmac before 

transportation)

SCHEDULE A

2.1 Truck handling ASTM D6055 Method A/5 cycles round trip

2.2 Horizontal impact ASTM D880 Method B/each side 1 shock (total 4)

2.3 Rotational flat drop test ASTM D6179 Method C/2 drop tests (short and long edge)

3 Vehicle vibration* Transportation mean SCHEDULE E

3.1 Truck spectrum By truck ASTM D4728 Method A - 90 minutes truck spectrum

3.2 Air spectrum By plane ASTM D4728 Method A - 90 minutes airplane spectrum

4 Low pressure When transportation by plane SCHEDULE I 

ASTM D6653 40 °C and 4 °C - 595.73hPa - 60 minutes

5 Mechanical handling Handling, loading, unloading 

and sorting (storage area, truck 

loading, plane tarmac after 

transportation)

SCHEDULE A

5.1 Truck handling ASTM D6055 Method A/5 cycles round trip

5.2 Horizontal impact ASTM D880 Method B/each side 1 shock (total 4)

5.3 Rotational flat drop test ASTM D6179 Method C/2 drop tests (short and long edge)

6 Warehouse stacking Stacking in storage area SCHEDULE B

ASTM D642 - 3s

 Table V: Qualification tests results at 4° C (39.2°F) and at 40°C (104°F).

Ageing Test samples and number (50kGy) Result

100L   200L   500L Container Total

T=0 4 bags per volume Shipping 12*2 Compliant to specifications for systems and bags

No leak

T=1 year 4 bags per volume Shipping 12*2 Compliant to specifications for systems and bags

No leak

T=3 years 4 bags per volume Shipping 12*2 Compliant to specifications for systems and bags. No leak 

damage.

http://www.fda.gov/downloads/drugs/guid-ances/ucm070336.pdf
http://www.fda.gov/downloads/drugs/guid-ances/ucm070336.pdf
http://PharmTech.com/
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2016/04/WC500205447.pdf
http://www.astm.org/Standards/D4169.htm
http://store.pda.org/TableOfContents/TR66_TOC.pdf
http://www.ista.org/docs/ISTA_2017_Guidelines.pdf
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ilicone tubing is widely used 

in biopharmaceutical manu-

facturing processes, especially 

in downstream processes after final 

sterile filtration and in fill finish op-

erations where high purity is key. As 

a result, the quality, compendial and 

regulatory requirements for particu-

late, endotoxin, and bioburden con-

tent have become increasingly strin-

gent for single-use components used 

for biopharma manufacturing.

“Biopharmaceutical players have 

increased requirements from suppliers 

for testing the purity of the single-use 

components to prove low contamina-

tion risk,” stated Dr. Pennadam Siva-

nand, MBA, Medical TS&D Manager, 

at Dow Medical Solutions, during a 

presentation delivered at CPhI World-

wide 2017 in Frankfurt, Germany. 

“And so, they expect us to provide test-

ing data in support of their applica-

tion’s final requirements.”

Sivanand explained how Dow Phar-

ma Solutions has built strong experi-

ence in extractables testing on its Phar-

ma tubing products. To ensure that its 

biopharmaceutical components meet 

and exceed customer and regulatory 

requirements, Dow expanded its vali-

dation testing documentation package 

to not only include extractables, but 

also cover all the required testing for 

particulates, endotoxins, and biobur-

den, per the industry standards.

“We are committed to help the 

biopharma industry in minimizing 

contamination risk from the supply 

chain,” said Sivanand, “So, we devel-

oped the most appropriate and strin-

gent tubing-specific testing protocols 

to provide a supreme data package. 

We have tested the entire range of our 

Dow Corning Pharma Tubing prod-

uct family.”

These tubing products were tested 

for endotoxins by Dow QC biolab in 

the United States and for particulates 

and bioburden by certified external 

laboratories in the United States and 

Europe, respectively. Studies were ex-

ecuted in multiple batches and in var-

ious sizes of tubing. “This provides 

a broad confidence in the data pack-

age we developed for our customers,” 

said Sivanand.

Particle Testing

The industry standard for testing sub-

visible particulates is the USP <788> 

Particulate Matter in Injections. Dow 

selected the Method 2; Microscopic 

Particle Count Test, which counts solid 

particulates alone that pose high risk 

to patients if present in the final drug 

product and does not enumerate gas 

bubbles and liquid particulates such as 

silicone oil extractables droplets.

Dow protocol involved the extrac-

tion of particulates from internal tub-

ing surfaces using particulate-free 

water that was filtered through a mem-

brane that was then microscopically 

examined and the particles, if any, 

were enumerated. The Membrane Mi-

croscopy counts results show that solid 

particulate counts obtained on the 

Particulates, Endotoxins, and 
Bioburden Characterization 
of Silicone Tubing for 
Biopharmaceutical 
Applications

Dr. Pennadam Sivanand, MBA
Medical TS&D Manager
Dow Medical Solutions
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entire Dow CorningTM Pharma Tub-

ing products were well below the USP 

<788> acceptance criteria (less than 12 

particulates per mL for particulates 

≥10 μm and less than 2 particulates per 

mL for particulates ≥25 μm).

“If you look to the results obtained 

on our range of pharma tubing that 

has gone through this testing, the av-

erage particulates count ≥10 μm is 

<0.3 particulate/mL, and <0.15 partic-

ulate/mL for particulates ≥25 μm. It is 

very evident that our tubing products 

pass with flying colors in terms of the 

subvisible particulates per USP crite-

ria,” said Sivanand. “That gives our 

customers much confidence in the reli-

ability of our tubing.”

More information on the USP 

<788> testing of Pharma tubing range 

is available. Please contact the Tech-

nical Service & Development, Dow 

Medical Solutions. Details of personal 

for EU & NA region respectively can 

be found at the end of this report.

Endotoxin Studies

Bacterial endotoxin content was tested 

using the limulus amebocyte lysate 

(LAL) gel clot method described in USP 

<85> Bacterial Endotoxins Test. Endo-

toxin was extracted from the tubing 

with pyrogen-free water and the extract 

was exposed to the quantity of LAL re-

agent sensitive to 0.125 EU/mL endo-

toxin. If the extract does not cause clot-

ting, the test article contains less than 

0.125 EU/mL of endotoxins and the test 

article passes the test.

All the Pharma tubing products 

passed the Dow acceptance criteria of 

less than 0.125 EU/mL. These results 

show that endotoxin content exceeds 

the very stringent limit of USP (as a 

comparison, the USP requirement for 

endotoxin in Water for Injection is 

less than 0.25 EU/mL and USP <161> 

Medical Devices—Bacterial Endotoxin 

and Pyrogen Tests have a limit of less 

than 20 EU per medical device or 2.15 

EU/mL for medical devices that come 

in contact with the cerebrospinal fluid).

“According to the USP method that 

we followed, we anticipate to have less 

than 0.25, but our products resulted 

with value well below the maximum 

limit. Hence again, this gives confi-

dence to our customers and consumers 

that our tubing has got very high pu-

rity and high standards in the biophar-

maceutical field,” stated Sivanand.

Bioburden Testing

The Pharma tubing products were test-

ed for aerobic bacteria, yeast, molds and 

spores using ISO 11737-1 “Sterilization 

of Medical Devices–Microbiological 

Methods–Part 1: Determination of a 

Population of Microorganisms on Prod-

ucts.” The removal method for these 

organisms was validated with a very 

high recovery efficiency. After filtration 

of the extract and incubation of the fil-

ter, the retained micro-organisms were 

counted. The results show that none 

of the micro-organisms were detected 

from the Pharma Tubing samples.

Conclusion

The test results clearly demonstrate 

that the entire range of Pharma tubing 

products has a minimal potential for 

particulates, endotoxins and bioburden 

contamination, and thus a high level 

of purity that is particularly sought for 

bioprocess components usage in aseptic 

manufacture of drug products. Based 

on over 60 years’ experience in Health-

care Tubing Materials Science, Dow of-

fers testing protocol development and 

data packages that support its leader-

ship in high-purity solutions and that 

accelerate the validation process of 

Dow Pharma tubing products for bio-

pharmaceutical manufacturing.

More detailed information on the clean 

tubing is available from Technical Ser-

vice & Development, Dow Medical 

Solutions:

 » For Europe: Lise Tan-Sien-Hee, 

lise.tan-sien-hee@dow.com

 » For North America: Csilla Kollar, 

csilla.kollar@dow.com

“We are committed 

to help the 

biopharma industry 

in minimizing 

contamination 

risk from the 

supply chain.”

mailto:lise.tan-sien-hee@dow.com
mailto:csilla.kollar@dow.com
http://www.pharmtech.com/
http://www.dowpharmasolutions.com/
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DIOSNA Dierks & Söhne GmbH

Company description
Diosna Dierks & Söhne GmbH is a 

manufacturer of process equipment 

for the pharmaceutical and the 

bakery industry worldwide. In the 

pharmaceutical and related industries 

Diosna is well known for its innovative 

high-shear mixer. Furthermore, the 

product portfolio is offering individual 

machines as well as complete lines in 

the fields of fluid bed technology, tablet 

coating, mixing and granulating. Diosna 

provides solutions starting from the 

laboratory scale to up to the production 

scale.

Major products/services 
being exhibited
On this year’s Achema fair Diosna will 

present three exhibits: (1) The fluid bed 

processor CAP 400, an ideal equipment 

for drying wet granules and for efficient 

granulation via top-, tangential- or bottom 

spray, (2) the VAC 150, a great solution 

for mixing, granulating and drying under 

vacuum in a closed single-pot and (3) the 

new developed Midilab RC.

The Midilab RC is Diosna’s modular 

laboratory equipment that offers a fluid 

bed and a tablet coater module. With 

the Midilab RC the company presents a 

solution for a flexible production, which 

is one of the focal topics of Achema 

2018. Different batch sizes, rapid 

change between the modules without 

tools and flexible installation are just 

some of the benefits. Along with the 

flexible production, the focus is also on 

convenient operation. A swivelling and 

tilting operator terminal with stainless 

steel housing allows a flexible adjustment 

for the operator.

DIOSNA Dierks & Söhne GmbH

Am Tie 23, 49086 Osnabrück, 

Germany

Tel. 0541 331040

Fax. 054133104805

info@diosna.de

www.diosna.com

Hall 3.0 Stand B4

Eppendorf AG

Company description
Eppendorf is a leading life science 

company that develops and sells 

instruments, consumables, and 

services for liquid-, sample-, and cell 

handling in laboratories worldwide. Its 

product range includes pipettes and 

automated pipetting systems, dispensers, 

centrifuges, mixers, spectrometers, 

and DNA amplification equipment as 

well as ultra-low temperature freezers, 

fermentors, bioreactors, CO
2
 incubators, 

shakers, and cell manipulation systems. 

Consumables such as pipette tips, test 

tubes, microtiter plates, and single-use 

bioreactor vessels complement the range 

of highest-quality premium products.

Eppendorf products are most broadly 

used in academic and commercial 

research laboratories, e.g., in 

companies from the pharmaceutical and 

biotechnological as well as the chemical 

and food industries. They are also aimed 

at clinical and environmental analysis 

laboratories, forensics, and at industrial 

laboratories performing process analysis, 

production, and quality assurance. 

Eppendorf was founded in Hamburg, 

Germany in 1945 and has more than 3,100 

employees worldwide.

The company has subsidiaries in 26 

countries and is represented in all other 

markets by distributors.

Major products/services 
being exhibited
Experience innovative solutions for the 

digital lab and bioprocess data analysis:

Our Eppendorf laboratory team will 

show you a typical bioprocess workflow 

and present innovative solutions to 

optimize your lab processes. Also, see 

how the smart VisioNize® system can be 

integrated making the digital lab become 

reality. 

Let our experts show you how to 

use Design of Experiments (DoE) and 

Multivariate Data Analysis to accelerate 

your development.

Eppendorf AG

Barkhausenweg 1, 

22339 Hamburg, Germany

Tel. +49 40 53801-0

Fax. +49 40 53801-662

eppendorf@eppendorf.com

www.eppendorf.com

Hall 4.1 Stand B35

mailto:info@diosna.de
http://www.diosna.com
mailto:eppendorf@eppendorf.com
http://www.eppendorf.com
http://PharmTech.com/
http://www.diosna.com/
http://www.eppendorf.com/
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Hapa AG

Company description
Hapa AG produces innovative drop-

on-demand packaging printing and 

UV flexographic solutions for the 

pharmaceutical industry. The growth 

of its division Hapa Ink and within the 

FMCG industries is dynamic. More than 

190 Hapa employees work in sales and 

service centers worldwide and at the 

company headquarters outside of Zurich, 

Switzerland.

Major products/services 
being exhibited
Hapa will be exhibiting its new Web 4.0. 

Fully ready for Industry 4.0, the Web 4.0 

is designed for high-resolution printing 

on web materials. It can easily be 

integrated into existing packaging lines 

and integrates seamlessly into the digital 

workflow. Its modular concept is based 

on standard components which can be 

combined according to requirements. 

Thanks to the integrated digital printing 

module “redcube plus”, which can be 

scaled if desired, the system can be 

expanded from one to up to six spot 

colors or WCMYK plus lacquer, thereby 

allowing it to be adapted to changing 

production requirements. But there’s 

more: The Web 4.0 already fulfills future 

serialization requirements, and is capable 

of printing individual data on each 

individual blister pocket.

Hapa AG

Chriesbaumstrasse 4, 

8604 Volketswil, Switzerland

Tel. +41 43 399 32 39

Fax. +41 43 399 32 01

info@hapa.ch

www.hapa.ch 

Hall 3.1 / Stand E71

IMA S.p.A.

Company description
Established in 1961, IMA is world leader 

in the design and manufacture of 

automatic machines for the processing 

and packaging of pharmaceuticals, 

cosmetics, food, tea and coffee.  

Its position of leadership is the result 

of significant investments in R&D and a 

regular and constructive dialogue with 

the end-users in its sectors. 

IMA has a high technological 

profile and the ability to offer tailor-

made solutions to satisfy the most 

sophisticated requests of the 

pharmaceutical industry through three 

highly specialised divisions: IMA Active 

(Solid Dose Solutions), IMA Life (Aseptic 

Processing & Freeze Drying Solutions), 

IMA Safe (Packaging Solutions). 

Major products/services being 
exhibited
At Achema 2018, visitors will have a 

chance to discover what’s new from 

IMA for the pharmaceutical industries. 

IMA will present new machines and 

complete lines for the processing and 

packaging of pharmaceuticals: Stand F49 

will be devoted entirely to IMA’s latest 

innovations.  

A special area will be dedicated to 

IMA Digital, which summarises all 

of the projects that represent IMA’s 

commitment to the evolution towards the 

Smart Factory and Smart Products. IMA’s 

leadership in terms of innovation and 

technology imposes a highly competitive 

position, also in the challenges of 

Industry 4.0.

IMA S.p.A.

Via Emilia, 428-442

Ozzano dell’Emilia (Bologna) - Italy

Tel. +39 051 6514111

www.ima.it

Hall 3.0 Stand F49

mailto:info@hapa.ch
http://www.hapa.ch
http://www.ima.it
http://www.hapa.ch/
http://www.ima.it/
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Letzner Pharmawasseraufbereitung GmbH

Company description
Specialist in pharmaceutical water 

purification

Founded in 1990, LETZNER 

Pharmawasseraufbereitung GmbH 

specializes in consulting, design & 

engineering as well as manufacturing 

and maintenance of water treatment 

system for the pharmaceutical industry. 

All components of the water treatment 

systems — pre-treatment, reverse 

osmosis systems, multi-effect stills, Pure 

Steam generators, CIP / SIP systems, 

and storage and distribution systems 

— are customized by us due to the 

local conditions on site. Standardized 

components, modules and solutions 

are individually assembled according 

to specific customer needs and 

industry standards. Purified Water, 

Water for Injection and Pure Steam 

are processed in our plants according 

to the latest Ph.Eur., USP, JP, GMP and 

FDA requirements while observing the 

highest quality standards.

Major products/services 
being exhibited
Letzner Pharmawasseraufbereitung 

GmbH will exhibit two water treatment 

systems used for the production of 

Water for Injection (WFI). One multi-

effect still which generates hot WFI 

by distillation process and one system 

which generates cold WFI by membrane 

processes according to the preliminary 

guidelines of the European Medicine 

Agency (EMA). 

Letzner Pharmawasseraufbereitung 

GmbH

Robert-Koch-Str. 1,

42499 Hückeswagen, Germany

Tel.  +49(0)219292170

Fax. +49(0)2192921733

michael.hegmann@letzner.de

www.letzner.de 

Hall 6.1 Stand D42

L.B. Bohle Maschinen + Verfahren GmbH

Company description
L.B. Bohle, founded 1981, is a 

global acting manufacturer for the 

pharmaceutical industry with a turnover 

of about 50 million EURO. The range of 

products includes process and handling 

equipment for the pharmaceutical solids 

production in batch and continuous 

processing. 

About 250 specialists build a highly 

qualified team at the three plants in 

Germany. Furthermore, Bohle has 

subsidiaries in Warminster, US, India and 

Shanghai and is represented worldwide 

by 40 independent sales agencies  

Major products/services 
being exhibited
L.B. Bohle Maschinen + Verfahren GmbH 

from Ennigerloh, Germany, is going to 

present novelties and current trends for 

batch and continuous manufacturing at 

this year´s ACHEMA.

With the QbCon® 1, L.B. Bohle 

introduces the first continuous wet 

granulation and fluid bed drying for 

research and development for the 

pharmaceutical industry. Furthermore, 

QbCon® 1 realizes real-continuous drying 

and granulation with very narrow and 

reproducible residence times in the dryer 

and stable quality of the granules with 

regard of moisture and particle size in 

contrast to the existing systems on the 

market. 

In addition, L.B. Bohle is going to 

exhibit further machine highlights. The 

BFC 50 TriPan is a film coater with three 

exchangeable drums. The VMA single-pot 

processor and the roller compactor 

BRC 25, which is displayed with a lifting 

column and a feed, will represent the 

comprehensive portfolio of granulation 

solutions.

Furthermore, the conical mill BTS 200 

and the tablet checker KA 280 will be 

displayed.

L.B. Bohle Maschinen + 

Verfahren GmbH

Industriestr. 18, 

59320 Ennigerloh, Germany

Tel. +49 2524 – 93 23 0

Fax. +49 2524 – 93 23 399

t.borgers@lbbohle.de

www.lbbohle.com 

Hall 3.0 Stand A71
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http://www.letzner.de
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Müller GmbH

Company description
Innovative Solutions in Stainless Steel 

Müller Container, Drum Systems, 

Handling Equipment and Containment-

Solutions

Since 1965, Müller GmbH is well-known 

and appreciated as a competent partner 

of the international Pharma, Cosmetics, 

Food and Chemical Industries.

Modular containers and storage 

systems as well as handling equipment 

designed by the engineers at Müller 

GmbH, Rheinfelden (Germany), are 

worldwide recognized as a synonym for 

highest quality and universal application 

possibilities. Additionally, containment 

solutions by Müller GmbH ensure a high 

safety level for products, operators, and 

environment, fitting perfectly with the 

modular Müller product design. 

Müller GmbH employs 170 experts in 

Rheinfelden, Germany, and is part of the 

family-owned Swiss Müller Group with 

440 employees. A distribution network of 

54 agencies ensures global presence.

Companies of the Müller Group:

Müller GmbH (Systems & Handling), 

Müller AG Packaging, Müller AG Plastics, 

Müller AG Cleaning Solutions, Müller AG 

Intralogistics

Major products/services 
being exhibited
• Systems Solutions in Stainless 

Steel: Lidded drums, Containers, 

Hoppers, Silos, Butterfly valves

• Containment Solutions: Müller 

Containment Systems, MCV-LW Light 

Weight Containment Valve

• Handling Solutions: Stationary 

container and drum lifting systems, 

Mobile handling systems

• Cleaning Solutions: Cleaning systems 

for the pharmaceutical production, 

GMP-Washers

• Plastics Solutions: Bottles, 

containers, lidded drums and tight 

head drums from polyethylene, with 

capacities from 3 to 60 litres; open 

head, tight head and wide neck drums 

up to 220 litres

• Intralogistics Solutions: Pallet 

Changer

Müller GmbH

Industrieweg 5, 

79618 Rheinfelden, Germany

Tel. +49 7623 969-0

Fax. +49 7623 969-69

systems@mueller-group.com

www.mueller-group.com

Hall 3.1 Stand A75

Sepha Ltd.

Company description
Since 1980, Sepha has established a global 

reputation for innovation and development 

of specialised, high quality equipment for 

use in the manufacture of pharmaceutical 

blister packs, medical devices and 

healthcare products. We provide 

innovative, non-destructive, deterministic 

leak testing solutions, lab scale packaging 

solutions and deblistering machines.

Major products/services 
being exhibited
Leak Testing Solutions (VisionScan | 

VisionScan Max | PakScan)

Sepha offers a range of non-destructive, 

deterministic leak testing systems, 

specially designed to rapidly test for 

leaks in a wide variety of pharmaceutical 

packaging. Unlike the industry standard 

destructive test methods like Blue Dye 

Methylene, our testing methods are non-

destructive, deterministic allowing product 

that has been tested to be returned to the 

production line. 

Deblistering (PressOut Universal | 

PressOut Universal Mini | PressOut 

Semi-Automatic)

Sepha has developed a comprehensive 

range of automatic, semi-automatic 

and manual deblistering machines that 

offer speed, efficiency and safety in the 

recovery of valuable product from all 

types of rejected blister packs including 

push-through, child-resistant and 

peelable blisters.

Packaging Solutions (EZBlister Autofeed)

Sepha also offers a range of small scale, 

high quality blister packing machines and 

services that are ideal for R&D, product 

development, clinical trials, marketing 

samples and low volume production. The 

range of Sepha EZ solutions have been 

developed in response to global demand 

from major pharmaceutical, medical 

device and clinical trial laboratories for 

blister packing solutions that are flexible, 

adaptable and capable of handling 

complex pack designs at minimal cost.

Sepha Ltd.

Unit 25 Carrowreagh Business Park, 

Carrowreagh Road, Dundonald, 

Belfast, BT16 1QQ

Tel. +44(0)28 9048 4848

Fax. +44(0)28 9048 0890

info@sepha.com

www.sepha.com

Hall 3.1 Stand C70
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Starna Scientific Ltd.
Company description
Starna manufacture and supply 

a comprehensive range of 

spectrophotometer cells, accessories and 

Certified Reference Materials (CRMs) vital 

for underpinning analytical measurement 

in the pharmaceutical industry globally in 

R&D, Quality control and manufacturing 

processing applications: UV-Vis-NIR 

Spectroscopy, Fluorescence, Plate 

readers, FTIR and Circular Dichroism.

Starna’s range of CRMs enable users 

to reliably and consistently verify their 

instrument performance (IQ-OQ-PQ) and 

support full method validation, ensuring 

data integrity and avoiding OOS results.

UKAS accreditation to ISO 17025 & 

ISO 17034 and complete traceability to 

National Measurement Institutes (e.g. 

NIST), make Starna CRMs an essential 

tool for achieving full compliance with all 

applicable International Standards (such 

as the European Pharmacopoeia, USP, 

GxP, etc.). These materials are readily 

available worldwide and are backed up 

by a very fast recalibration service and 

Starna’s unique lifetime guarantee.

Major products/services 
being exhibited
A Full range of UV-Visible-NIR, MIR, & 

Fluorescent Certified Reference Materials, 

for spectrophotometers, fluorimeters, 

plate readers and FTIR instruments. 

Including the new 2nd generation of 

fluorescent reference materials.

Dedicated Starna CRM kits for meeting 

the latest revisions to the USP General 

Chapters <854>, <856> & <857> and full 

international compliance to all applicable 

international standards.

Precision manufactured Quartz & 

Glass cells/cuvettes (flow applications; 

tablet dissolution; macro, sub-micro & 

nano-volume, and more!) all of which 

form a critical part of high quality 

pharmaceutical production.

Starna Scientific Ltd.

52/54 Fowler Road, 

Hainault, Essex, IG6 3UT

Tel. +44 (0) 208 500 1264

Fax. +44 (0) 208 500 1955

sales@starna.com

www.starna.com

Hall 4.2 Stand F38

Syrris

Company description
Syrris creates award-winning flow and 

batch chemistry systems that help drug 

discovery and development chemists 

develop their best chemistry. Our 

products are used in laboratories around 

the world for process development, 

discovery chemistry, reaction calorimetry, 

crystallization, and process scale-up.

  Discover how Syrris products are helping 

chemists in the pharmaceutical industry 

to perform automated, fast, and scalable 

chemistry at syrris.com/pharma and visit 

us at Stand B31, Hall 9.2!

Major products/services 
being exhibited
Asia Flow Chemistry System

Asia is an award-winning flow chemistry 

system with over 15 different modules, 

enabling discovery chemists to build a 

custom solution that fits their exact needs.

Asia is in daily use for ground-breaking 

research and development including the 

world’s top pharmaceutical, chemical, 

and food & fragrance companies. 

Regularly featured in publications from 

leading research groups including the Ley 

Group (University of Cambridge), the Boss 

Group (Rodrigo de Souza at UFRJ), and 

the Kappe Group (University of Graz), Asia 

is also helping academics to access new 

chemistries previously not possible.

Atlas HD Automated Jacketed 
Reactor System
Atlas HD offers complex, multi-step 

experiment automation through a range of 

scales from 50 mL to 5 L.

With a modular and scalable design, 

Atlas HD offers a single platform that is 

enabling chemists in pharmaceutical labs 

worldwide to perform a diverse range of 

chemistry, including; (sono)crystallization, 

nanoparticle synthesis, reaction 

calorimetry, and process scale-up studies 

throughout the entire drug discovery and 

development process.

Syrris 

Unit 3, Anglian Business Park,

Orchard Road, Royston SG8 5TW, 

United Kingdom

Tel.  01763 242555

sales@syrris.com 

syrris.com

Hall 9.2 Stand B31

mailto:sales@starna.com
http://www.starna.com
mailto:sales@syrris.com
http://PharmTech.com/
http://www.starna.com/
http://syrris.com/
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Innovative Softgel 

Technology

As the inventor of the softgel rotary 

die process, and with over 85 years 

of softgel manufacturing experience, 

Catalent continues to deliver innovation 

with technological enhancements for 

prescription, OTC and consumer health 

products. These advances include chewable 

softgels and coatings, and formulations 

which enable modifi ed-release.

Catalent’s award-winning OptiShell® 

technology provides development 

solutions for challenging drug compounds 

contained within complex fi ll formulations, 

and can enhance both drug therapeutic 

performance and patient experience.

The technology uses a patented shell 

derived from plant polysaccharides, 

and allows for higher-temperature 

encapsulation of a wider range of fi ll 

materials; making it ideal for the production 

of soft capsules containing semi-solid 

fi lls, modifi ed release, and to overcome 

bioavailability issues in poorly soluble and/

or poorly permeable drug compounds.

For immediate release applications, 

OptiShell technology expands the range 

of compatible excipients available 

for developing lipid-based capsule 

formulations, providing more solutions for 

solving unique drug delivery challenges.

Catalent Pharma Solutions

www.catalent.com

solutions@catalent.com

AirBridgeCargo Airlines

AirBridgeCargo is an international cargo 

carrier with an in-depth knowledge of the 

healthcare and pharmaceutical industry. We 

have developed special abcPharma product, 

providing active and passive solutions for 

transportation of time-sensitive products 

and guaranteeing transparency, traceability 

and compliance with IATA TCR and CEIV 

certifi cation rules. Exact temperature 

monitoring from acceptance to delivery 

with special packaging solutions and 

thermal blankets for palletized shipments, 

modern fl eet of Boeing 747 freighters with 

three compartments enabling different 

temperature settings from 4 °C to 29 °C, 

and dedicated, skilled staff trained in 

handling healthcare products—ABC offers 

value-added services for pharmaceutical 

products, powered by digital technologies 

in the interest of its customers. On top 

of this, ABC introduced 24/7/365 Control 

Tower (CT) operation to monitor and 

manage transportation of special cargo 

consignments, including pharmaceutical 

products. From vaccines, laboratory 

equipment, MRI/MRT machines to blood 

samples, and beyond—we, at ABC, will 

always fi nd the best logistics solutions 

to cater your needs and expectations.

AirBridgeCargo Airlines

www.airbridgecargo.com 

pharma@airbridgecargo.com
info@airbridgecargo.com

Contec Compact 

Bucket System

Contec has developed a new compact 

bucket system for cleaning and 

disinfecting in critical environments.  

The system is designed for use a with 

a variety of cleanroom fl at mops and 

Contec’s VertiKlean MAX range.

Contec’s Compact Bucket System 

is available with either 2 or 3 buckets 

and a choice of a standard or a utility 

handle.  The utility handle allows buckets 

to be positioned on the handle providing 

additional storage for extra supplies such 

as: clean mop heads, solution spray bottles, 

wipes, and other items as needed.

The cart frame has a mop head removal 

tool positioned on the front for easy, 

hands-free removal of a VertiKlean MAX 

or VertiKlean MAX Sealed Edge mop head.  

Two mop holders with handle clasps on 

either side of the cart allow for convenient 

mop storage during transport and storage.  

For more information about 

Contec’s Compact Bucket System, 

go to www.contecinc.com.

Contec Inc

www.contecinc.com 

infoeu@contecinc.com

http://www.catalent.com
mailto:solutions@catalent.com
http://www.airbridgecargo.com
mailto:pharma@airbridgecargo.com
mailto:info@airbridgecargo.com
http://www.contecinc.com
http://www.contecinc.com
mailto:infoeu@contecinc.com
http://www.airbridgecargo.com/
http://www.catalent.com/
http://www.contecinc.com/
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Capsugel® Vcaps® Enteric

Vcaps® Enteric Capsule is a fully compliant 

capsule technology that simplifi es drug 

enteric delivery implementation from 

early-stage development to commercial 

manufacturing. The pharmaceutical grades 

of cellulosic derivatives used in Vcaps® 

Enteric capsules are approved and have 

extensive market precedence for use in 

providing enteric protection. Vcaps® Enteric 

capsules have been evaluated in-vitro and 

in-vivo across a number of compounds, 

which has proven full compliance 

with relevant European, Japanese and 

US Pharmacopeia monographs.

Capsugel® Vcaps® Enteric capsules 

can be utilized to greatly simplify and 

accelerate prototype development and 

rapid in-vivo testing of products requiring 

targeted delivery to the upper GI tract:

• Eliminate coating system 

preparation and application steps

• Rapid screening and optimization 

of enteric performance

• Remove dependency of enteric 

functionality with process variability

• Obviate need for process development 

of the enteric coating step, 

process scale-up and validation

Lonza Pharma & Biotech

www.capsugel.com/
biopharmaceutical-products/
vcaps-enteric-capsules 

solutions.emea@lonza.com

GSS Steam sterilizer

The next generation of efficiency.

Reliable contamination prevention is 

essential in biopharmaceutical production. 

GSS P Series Steam Sterilizers help 

ensure product quality and a safe work 

environment, while making it easier for you 

to achieve high performance, maximum 

productivity and a streamlined process.

The GSS P is engineered with high-

quality components for performance 

and to secure a safe and reliable 

process. The sterilizers come in a 

range of 17 different chamber sizes. 

Core features include: 

• Programme combination adapted 

for biopharma applications. 

• GAMP5 documentation and 

project execution.

• Air removal by liquid ring 

vacuum pump. 

• ECO-system, recirculation of 

vacuum pump sealing water. 

• GMP design with sanitary 

stainless steel process piping 

and chamber construction. 

Our commitment goes far beyond 

supplying equipment. We support you 

with project planning and setting the right 

specifi cations and requirements. Our 

experience in manufacturing, installation 

and commissioning allows us to manage 

the project from start to fi nish.

For more information visit 

www.getinge.com/lifescience

Getinge

www.getinge.com/lifescience

info@getinge.com

Comprehensive GMP 

Laboratory Testing Services

From Starting Materials through Finished 

Product Testing, Eurofi ns BioPharma 

Product Testing’s 28 facilities in 16 countries 

deliver the world’s most comprehensive 

scope of harmonized GMP testing services 

and seamless regulatory acceptance.

As we have grown to become the 

world’s largest network of GMP product 

testing labs with a global capacity of more 

than 115,000 square meters, we continue 

to uphold our founding promise of personal 

service and impeccable quality. Our 

network of global laboratories and vast 

experience allow us to support projects 

of any size from conception to market.

We offer the fl exibility to manage 

your testing programmes more effi ciently 

through your choice of three unique 

service models, including our award-

winning Professional Scientifi c Services® 

(PSS). You can choose the best service 

solution for your project goals.

When the world awaits your 

product, choose the lab that provides 

complete capabilities and rigorous 

quality systems you can trust.

Eurofi ns BioPharma Product Testing

www.Eurofi ns.com/Biopharma 

pharma@eurofi ns.com

mailto:solutions.emea@lonza.com
http://www.getinge.com/lifescience
http://www.getinge.com/lifescience
mailto:info@getinge.com
http://PharmTech.com/
http://www.eurofins.com/biopharma
mailto:pharma@eurofins.com
http://www.eurofins.com/biopharma
http://www.getinge.com/lifescience
http://www.capsugel.com/biopharmaceutical-products/vcaps-enteric-capsules
http://www.capsugel.com/biopharmaceutical-products/vcaps-enteric-capsules
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SMA MicroParticle ICSTM

VAI is pleased to announce the addition of 

the SMA MicroParticle ICS line of non-viable 

particle counters to our contamination 

control portfolio. The units utilize the 

latest innovation in particle counting 

technology and have several features 

not found in other Particle Counters. 

• Multi-Processing—can simultaneously 

process, perform tasks, and log data 

without interrupting sampling 

• Real-Time Meter—displays particles 

counted per second, per channel, for 

pinpointing sources of contamination

• Annotations—allows users to add 

notes to data records during sampling 

• Advanced Power Management—have 

advanced power management features, 

including the industry’s first sleep 

mode, and over 10 hours of battery life 

• Sampling—can store up to 

45,000 comprehensive data 

records for each sample

• Reporting—produces reports that 

comply to ISO 14644-1, EU GMP 

Annex 1, and Federal Standard 209E 

Available in three models: HandHeld, 

Table Top, and Wall Mount. Remote 

models are also available for integration 

into facility monitoring systems.

Veltek Associates, Inc.

www.sterile.com

vai@sterile.com

automatica—The Leading 

Exhibition for Smart 

Automation and Robotics

Discover automation 
technology solutions for 
your entire value chain
Do you want to continuously improve 

your products? And manufacture them 

faster and more cost-effectively at the 

same time? automatica gives you valid 

answers to important questions: What 

do you need to remain competitive? How 

is the digital transformation affecting 

your production operation? And what will 

the workplace look like in the future?

automatica is the leading marketplace 

for automated production. It features the 

world’s largest range of robotics, assembly 

and handling solutions, machine vision 

systems and components. It gives compa-

nies from all branches of industry access 

to innovations, knowledge and trends 

with a great deal of business relevance. 

As the digital shift continues, automatica 

ensures market transparency and pro-

vides orientation with a clear objective: 

Being able to manufacture higher-qual-

ity products with greater effi ciency. 

Optimize your production!

Messe München

https://automatica-munich.com 

info@automatica-munich.com

Nexera Mikros

Celebrating this year the 50th anniversary 

of its presence in Europe, Shimadzu 

emphasizes its Excellence in Science 

approach through the release of the new 

Nexera Mikros, a micro fl owrate-compatible 

liquid chromatograph mass spectrometer. 

The Nexera Mikros maintains the durability 

and operability of LC–MS systems while 

providing at least 10 times more sensitivity. 

It can accommodate a wide range of 

fl owrates, from semi-micro fl owrates 

(100 to 500 μL/min) to micro fl owrates 

(1 to 10 μL/min). With this product, 

Shimadzu is contributing to improving 

productivity at pharmaceutical companies 

and clinical contract research organizations.

Shimadzu Europa GmbH 

www.shimadzu.eu 

shimadzu@shimadzu.eu

http://www.sterile.com
mailto:vai@sterile.com
https://automatica-munich.com
mailto:info@automatica-munich.com
http://www.shimadzu.eu
mailto:shimadzu@shimadzu.eu
https://automatica-munich.com
http://www.shimadzu.eu/
http://www.sterile.com/
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Q.Our company recently acquired several new production 

sites in Europe, Asia, and the Americas. As part of the 

integration process, we decided to harmonize our batch records. 

We appreciate that local regulations and differences regarding 

the type of production equipment we use may require some 

local adaptations and deviations from a standard template; 

however, we are faced with stiff opposition from many sites to 

change their batch record design. Can you advise on how best to 

convince everyone of the benefits of a harmonized template?

A.The integration you describe will without doubt require 

many changes to the documentation, and therefore, it 

is a sensible decision to think about harmonizing documents, 

such as batch records. You are correct that there will be 

differences in the equipment and the processes, even for the 

same product by the same synthetic method, but in different 

facilities. But, this in itself is not an impediment to creating a 

universal batch record template.

It is important to consider why batch record templates 

differ so widely. First, the workforce will be used to different 

styles of documentation. How much or how little detail do they 

require to perform a task? It is not unusual to find a 10-page 

document used for a process in one location extend to 50 

pages for the exact same process elsewhere.

Next, let us look at the style of the contents: Is it all text? Is 

there use of pictures or graphics? Is it all in a logical sequence? Is 

it in one language or in multiple languages? Does it require each 

page to be signed by five persons for each batch record, or is there 

just one signature page? All these styles exist, and they all are 

developed for specific reasons. It is thus important to understand 

these reasons in order to design a universally accepted template.

Having the opportunity to completely redesign the batch 

record template provides a unique chance to build in as many 

safeguards from a data integrity perspective as possible. 

This includes removing any ambiguity regarding what must 

be recorded, by who, when, and how. For example, the 

instruction ‘add 100 liters 10% NaOH over 1 hour’ should have 

fields for entering the actual values that should look like this:

This technique makes it clear to the operators what fields 

to complete and how to enter the values correctly. The use of 

symbols and colours is encouraged (e.g., to highlight critical 

steps, warn of potentially dangerous substances, etc.).

This is also a superb opportunity to eliminate the ‘numeritis 

disease’ (i.e., the unnecessary and time-wasting use of highly 

complex numbering systems). Step 001 in the batch record 

should be followed by step 002, then step 003, etc. There is no 

need at all for having something like step 1.2.5.2.8a. 

Depending on the level of automation in the plants, you 

may be able to move from paper batch records to electronic 

batch records. The latter will provide a higher degree of 

data integrity as much fewer manual entries of data will be 

required. Thus, the standardization of the batch record can 

indirectly also drive standardization of the computerized 

systems in your plants.

Now let us look at some indisputable benefits of having a 

standard batch record template rather than a free-for-all: 

• Reviewing batch records for continued compliance with 

the regulations is facilitated across sites, countries, and 

continents.

• Extracting information for or verifying concurrence with 

the submitted dossiers (e.g., for new drug applications, 

marketing authorization applications, variations, post-

approval changes, etc.) is straightforward and simplified.

• Batch record review by the qualified person (as regulated 

in the European Union) or the quality unit (e.g., for the 

purpose of batch release or audits) is streamlined.

• Extracting information from the batch records for 

preparing annual product reviews (or product quality 

reviews), or for the purpose of benchmarking is effectively 

repeatable and possible.

Every day a product can be released to the market earlier 

because of any of the above benefits can result in monetary 

benefits. And who is to dispute that advantage in your company?

In summary, if the regulatory compliance benefits of a 

standardized batch record template aren’t compelling enough, 

monetary benefits gained by earlier release of drug product 

will no doubt make it a straightforward decision. PTE

Harmonization of 

Batch Records

Monetary benefits will outweigh the hassle of batch record 

harmonization, says Siegfried Schmitt, principal consultant at PAREXEL.

Volume                     liters 10% NaOH

Start time   H   H   M   M

End time   H   H   M   M

Duration   M  M   minutes
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Your opinion matters.

Have a common regulatory or compliance question? 
Send it to susan.haigney@ubm.com and it may 

appear in a future column.

ask the expert

mailto:susan.haigney@ubm.com
http://PharmTech.com/


The Leading Exhibition for Smart Automation and Robotics

June 19–22, 2018 | Munich

Are you ready for the  
next industrial revolution?

What characterizes a leading exhibition for smart automation 

and robotics? It creates a point of orientation by providing 

an international meeting point for all manufacturing industry 

sectors. It is an innovation platform, a driving force, and a trend 

lab that keeps the market moving. It secures the future of the 

industry in its capacity as a catalyst of digital transformation.

That makes automatica an ideal environment for anyone  

looking to make their production faster, more flexible, and  

safe using the key technologies of robotics and automation.  

For sustainable production concepts—from component to  

system level, from applications to services. Our IT2Industry 

subject area offers inspiration and specific IT solutions for  

smart factories.

Our focal areas? Digital transformation in production,  

human-robot collaboration, service robotics, and Work 4.0.  

The exhibition is complemented by an application-oriented 

supporting program and direct networking opportunities with 

decision-makers of key market players. In short: Everything  

your company needs to succeed.

Connecting Global Competence

Update your business.

Welcome to automatica 2018:

automatica-munich.com/visitor

http://automatica-munich.com/visitor
http://automatica-munich.com/visitor


Successful treatments require superior real 

world outcomes driven by patient acceptance 

that ensures success with doctors and 

payers. Catalent OptiDose‰ CR and OptiShell‰ 

technologies offer modified release profiles 

for enhanced clinical outcomes and patient 

experience from development to commercial 

supply along with unsurpassed capacity.
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Catalent. More products. Better treatments. Reliably supplied.™    

us + 1 888 SOLUTION (765-8846)  eu 00800 8855 6178  catalent.com

better treatments by design.™

overcoming compliance 

challenges in patients

improved patient 

acceptance & adherence

better outcomes for 

patients & innovators

early phase dose 

design optimization

OptiShell‰ Technology: The only FDA 

approved non-gelatin softgel with expanded 

API compatibility, delivering semisolid 

formulation for extended drug release

OptiDose‰ CR platform: With 50+ modified release 

products on market, OptiDose‰ CR provides a 

comprehensive development and manufacturing 

solution for a wide-range of solid oral dosage forms 

for patients 
Lower Dose Burden & 
Frequency. Improved 
therapeutic profiles.

for molecules 
Optimal API Release. 

Gastric Protection. 
Dose Uniformity.

OPTIDOSE‰ CR 

OPTISHELL‰ 

http://catalent.com/
http://catalent.com/
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