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The new Nexera Mikros micro-flow LCMS 
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EDITOR’S COMMENT

Fasten Your Seatbelts …
… Brexit may be a bumpy ride.

As the industry 

reflects on the 

latest CPhI Worldwide 

event, which this year 

had an impressive 

international 

contingency, it is 

also bracing itself for 

the imminent fallout 

and ramifications of 

Brexit. So, in these uncertain times, where 

globally the pharma industry appears to 

be going from strength-to-strength, and 

more locally, within Europe, it is preparing 

for turbulence, what are the provisions and 

advice that should be considered?

So, what do we currently know about 

Brexit and the pharma industry? There 

are wide ranging complications that 

may potentially affect not only pharma 

companies but also the general public. For 

example, if the Brexit deal results in hard 

borders between Europe and the United 

Kingdom (UK), there could be disastrous 

interruptions to the supply of medicine. 

The Healthcare Distribution Association 

(HDA UK) warned that a ‘no-deal’ Brexit 

could give rise to medicine shortages and 

price increases (1). 

On 23 October, 2018 it published, “If 

crossing borders is not made easy for 

medicines, then HDA is concerned about 

the impact on patients requiring critical 

treatments.”

Regulatory issues rank high on the 

Brexit agenda for pharma. The Association 

of the British Pharmaceutical Industry 

(ABPI) has stressed, “For the mutual 

benefit of patients and industry in the 

UK and the European Union (EU), the 

UK should seek to negotiate alignment 

and commonality with the EU for the 

regulation of medicines.” According to the 

association, this should be achieved by a 

mutually recognised agreement being put 

in place between the UK and the European 

Medicines Agency (EMA), continuation 

in the alignment of both current and 

future regulations in both regions, and 

maintenance of the UK’s participation 

in EU regulatory and medicines safety 

processes (2).

Furthermore, manufacturing, considered 

to form a vital part of the UK’s economy, 

will be hindered as a result of Brexit. The 

impact on this sector has already begun in 

the UK with manufacturers experiencing 

recruitment challenges and stressing 

the likelihood of a ‘skills gap’ post-

Brexit, as reported by the manufacturers’ 

organization in May (3). 

And these are just the tip of the iceberg! 

So, as there is still a lot of uncertainty 

surrounding the Brexit deal that will be 

agreed upon, how can companies prepare?

As was reported by The Financial 

Times (4), some companies, such as 

GlaxoSmithKline and AstraZeneca, have 

addressed potential quality control issues 

by setting up facilities across Europe, 

although this duplication of work comes 

with a huge price tag, meaning smaller 

companies will unlikely be able to afford 

this option. 

Another preparative measure that 

both the UK government and EMA 

have recommended is for companies 

to stockpile medicines to counter any 

potential disruptions to supply. Companies 

such as AstraZeneca in the UK, Novartis in 

Switzerland, and Sanofi in France have all 

confirmed they are taking this action (5).

As the new European editor for the 

PharmTech Group, I will be doing my 

utmost to help guide you through the ups 

and downs of Brexit. Expect an increase 

in our European-specific content over the 

coming months, where I will aim to provide 

you with as much up-to-date information 

on Brexit, European regulatory issues, and 

breaking news from the region. 

I would also like to open the floor to 

expert opinions and contributions on 

European-related issues within the bio/

pharmaceutical field. If you are interested 

in contributing you can find the most 

recent submission guidelines on www.

PharmTech.com, where you can also view 

the editorial calendar for 2019. 

I shall look forward to hearing from you 

and collaborating with you on the critical 

and thought-provoking topics from the 

industry.
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PRODUCT SPOTLIGHT

Advanced Lab 
Paddle Blender

Ross, Charles & Son’s Laboratory Paddle 

Blender offers advanced features 

for automated powder blending and 

liquid spraying operation with recipe 

management. Features include full 

vacuum capability, a pneumatic 

powder charging port, and a liquid 

delivery spray system to promote 

batch-to-batch consistency. The 

1-ft3, 42P-1SS model is constructed 

entirely of US stainless steel type 304 with 150-grit interior finish 

and driven by a 1-hp, totally enclosed, fan-cooled motor.

Touchscreen programmable logic controller recipe controls are 

housed inside a National Electrical Manufacturers Association-

classified 4X stainless steel enclosure, allowing for indoor or outdoor 

use. The company states that an interchangeable ribbon agitator can 

be supplied with any new paddle blender for increased versatility. 

Both paddle and ribbon agitators are used in the preparation of dry 

solid-solid mixes and can accommodate minor liquid additions.

Ross, Charles & Son

www.mixers.com

Detachable AODD Pump
Wilden, part of PSG, a Dover company, 

released its new 6 mm (1/4”) Velocity 

Series air-operated double-diaphragm 

(AODD) pump (5). The V2550 Velocity 

Series pump features a detachable 

mounting foot, providing adaptable 

mounting capabilities suitable for 

all small-dosing applications.

The company reports that 

the pump can be reoriented 

by loosening a single screw. 

The design provides the user with multiple mounting options 

while allowing the pump to fit into restricted spaces, a critical 

consideration for original equipment manufacturer systems and 

skids. The pump’s design also eliminates the effects of torque 

decay and delivers improved dry suction lift at all operating 

parameters for better priming under a variety of system 

conditions. Additionally, the pumps feature an interchangeable 

footprint with competitor and previous company designs.

This pump series comes equipped with a simple air 

distribution system (ADS) with two moving parts that reduce 

the risk of downtime, according to the company. Wilden 

Velocity Series pumps can handle suction lifts from 10–14 

feet. These pumps are available in polypropylene and PVDF 

construction, as well as an Accu-Flo (solenoid) option.

Wilden, part of PSG, a Dover company

www.psgdover.com/en/wilden

Bioimaging Molecular 
Probes

Stream Bio’s Conjugated 

Polymer Nanoparticle 

(CPN) products are a 

new generation of novel 

molecular bioimaging 

probes for diagnostic and 

therapeutic applications. 

The highly fluorescent, non-

toxic nanoparticles come in 

emission wavelengths 475, 

510, 550, and 680 nm, covering colors blue, green, yellow, and red.

The products can be used in molecular imaging and 

R&D applications, including flow cytometry, enzyme-linked 

immunosorbent assay, fluorescent in situ hybridization, 

western blotting fluorescence resonance energy transfer, 

intensity-hue-saturation, and lateral flow assays.

The CPNs provide significant photostability and sensitivity 

(brightness) with highly specific targeting and magnetic 

cell-purification capability, while remaining compliant 

with existing lab protocols, the company reports.

Stream Bio

www.streambio.co.uk

Custom Multi-Shaft Mixer
Charles Ross & Son Company has 

customized a 150-gallon triple shaft 

mixer, the Ross VersaMix model VMC-

150, with elaborate automation and 

safety functions. Features include six 

pneumatic clamps rated for 4000 lbs 

each for remote locking of the mix vessel 

cover, which is designed for 29.5-in. Hg 

vacuum and 5-psi internal pressure.

The mixer also includes automated 

valves for powder feed and clean-

in-place liquids, a resistance-

temperature detecting multi-point 

temperature sensor, built-in vacuum pump assembly, load 

cell system, and a centralized human machine interface. 

The VMC-150 features a helical auger screw for submerging 

floating agglomerates. When reversed, the auger screw 

surfaces air pockets, which decreases batch cycle time.

Ross, Charles & Son

www.mixers.com
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Sean Milmo

is a freelance writer based in

Essex, UK, seanmilmo@btconnect.com.

Pharmaceutical companies in Europe involved in the 

development of integral drug-device combinations (DDCs) 

were left on tenterhooks in August 2018 after the European 

Medicines Agency (EMA) revealed it would be cutting back 

work on guidelines on the authorization of certain unspecified 

groups of medicines (1). The announcement raised fears among 

companies that they would have to postpone plans for the 

commercialization of new combination products because of 

delays in obtaining marketing authorizations due to a lack of 

clarity about approval rules.

Developers of integral DDCs, which range from pre-filled 

syringes to complex electro-mechanical devices, have 

been waiting for a crucial guideline for more than a year on 

procedures for the assessment of device components in 

combination products under the European Union’s Medical 

Devices Regulation (MDR), which is replacing the 1993 Medical 

Devices Directive (MDD).

When it comes into effect in May 2020, the MDR will require, 

for the first time, integral DDCs to have their drug device 

components evaluated by specialist organizations, called 

notified bodies (NBs), for certifying device standards. The 

legislation contains large gaps in information about the process 

for the assessment of DDCs by NBs, which can be filled only by 

an EMA guideline. The agency started preparing a draft of the 

guideline in early 2017.

“There is currently no understanding of how the process 

to support this new requirement (for an NB opinion on a 

device) would work,” stated the Brussels-based European 

Biopharmaceutical Enterprises (EBE) in a reflection paper 

published in July 2018 (2). “In turn, concerns are being raised 

that this [information gap] could impact approval timelines and 

unduly delay important medicines getting to market.”

Biopharmaceuticals producers, of which EBE is a leading 

European representative, are particularly worried about 

problems with approvals of combination products under 

MDR because of the growing number of biologicals, such as 

monoclonal antibodies (mAbs), being delivered through DDCs. 

The views expressed by EBE, which is a branch of the 

European Federation of Pharmaceutical Industries and 

Associations (EFPIA), are also being echoed by other 

associations, such as Medicines for Europe, representing 

generic-drug producers, and MedTech Europe, the medical 

device manufacturers’ association.

EMA moves forward

Unfortunately for the pharma and medical device sectors 

anxious about uncertainties regarding requirements under 

the MDR, EMA is facing a period of upheaval due to the United 

Kingdom’s departure from the European Union in March 2019. 

The agency is currently having to complete the relocation of 

its headquarters from London to Amsterdam, Netherlands, 

over the next five months and also cope with an expected 

35% reduction of staff. As a result, it is temporarily reducing 

its activities, including the drawing up of guidelines, between 

November 2018 and June next year.

The agency, however, disclosed in early October 2018 

that it would carry on preparing the guideline on MDR, as 

well as a number of other guidelines on issues such as 

pharmacovigilance, anticancer medicinal products, and GMP 

guidance on manufacture of sterile products (3). 

“EMA is aware of the concerns raised by the industry that 

came with the introduction of the new MDR, and in particular 

with Article 117 (requiring an NB opinion on combination 

products),” an agency spokesperson told Pharmaceutical 

Technology Europe.

“Work on seven guidelines which address either an urgent 

public/animal health need or are necessary to support and 

facilitate preparation for Brexit or the implementation of new 

or revised legislation will continue beyond 1 Nov. 2018.  This 

includes the guideline on quality requirements of medicinal 

products containing a device component for delivery or use of 

the medical product.”

There have been other signs that the regulatory authorities 

are increasing their efforts to eliminate uncertainties on MDR.  

EMA now has a dedicated task force on MDR implementation 

as it affects the agency’s responsibilities for the centralized 

licensing of medicines, including DDCs, in the EU. There 

have also been informal talks on MDR between industry 

representatives and officials of the European Commission, the 

EU executive that has overall responsibility for the regulation’s 

implementation.

“We are still hoping to make more progress than 

this,” Barbara Freischem, EBE’s executive director, told 

Pharmaceutical Technology Europe.

Industry obstacles

Other obstacles remain once the draft of the EMA guideline 

has been completed, possibly by the end of this year. The draft 

has to go through a consultation process with stakeholders 

and other interested parties, whose comments will have to be 

considered when the guideline is finalized, probably well into 

2019, two years after the adoption of MDR.

It is unclear what impact the guideline will have on national 

agencies or competent authorities (CAs) in EU member states, 

Guidelines on Integral 
Drug-Device Combinations
Pharma companies are concerned they may have to postpone plans for the commercialization of new combination 

products because of delays in obtaining marketing authorizations because of a lack of clarity about approval rules.
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which approve combination products in their own markets, and 

to what degree of urgency they will be moved forward with the 

implementation of MDR. 

Competent Authorities for Medical Devices (CAMD)—an 

association representing national medical device licensing 

agencies, many of whom also approve medicines—has given 

a “low” priority to guidance for combination products on the 

“appropriate level of interaction with relevant authorities” (4).      

Industry believes that there needs to be a clear relationship 

between regulatory authorities, NBs, and combination product 

manufacturers for the approval procedure to work properly. 

Most of the more than 30 objectives listed in a CAMD roadmap, 

which also covers companion diagnostics, have been allocated 

a “medium” or “high” priority.

There have also been delays in an EU-wide procedure for 

raising the efficiency of NBs by requiring that each one be 

certified according to new, tougher standards. This process 

is likely to result in fewer notified bodies being accredited to 

do MDR assessment work, particularly on DDCs and other 

combination products.

“We don’t know whether there will be sufficient NBs and 

whether those that are available will have the capability to 

evaluate combination products like DDCs,” said Freischem.

Accredited NBs will have to have been designated to 

conduct conformity assessments on drug device combinations. 

DDC manufacturers will then be free to choose one of these 

designated notified bodies to evaluate their products.

The EBE has suggested that the process of NB evaluation 

could be made easier for both the medicine and device 

manufacturers, as well as the notified bodies, by basing the 

EMA guideline on an already existing guideline, issued by the 

agency in 2011 (5). This guideline is for combination products 

comprising advanced therapy medicinal products (ATMPs), such 

as gene and cell therapies. 

The seven-year-old guideline would provide, according to 

EBE, a framework for a tiered, risk-based approach within MDR 

to combination products.  Those using existing, well-known 

technologies might not, for example, be required to undertake 

an NB assessment.  More complex and innovative products may 

not only need an NB evaluation but also an opinion of a group of 

experts.

Swissmedic, the medicines and devices licensing agency of 

Switzerland, a non-EU country that aligns its regulations with 

those of the EU, has already been preparing its own MDR-

compliant legislation, which allows for an evaluation by experts.

With integral complex and innovative combination products, 

the suitability of the device component would be assessed by 

the Swiss equivalent of an NB or “some other type of expert 

opinion,” according to the agency (6).

EBE stresses the need for NBs to be clear about their 

responsibilities in the evaluation of DDCs, so the EMA guideline 

must be unambiguous about what data have to be provided by 

the medicine manufacturer. This requirement is particularly the 

case with information related to the compatibility of the drug to 

features of device components, especially materials. 

The complications in drawing up a coherent procedure for 

assessing DDCs and other combination products under MDR 

are being blamed on the usual teething problems with new 

legislation but also on the fragmented nature of the EU’s system 

for certifying device component quality standards.

“You tend to get difficulties with gaps in information with 

most new legislation,” explains Freischem. “But with MDR, there 

is the added complexity of having a lot more NBs than there are 

competent authorities for approving medicines.”

Also, the MDR quality and related rules for devices have 

become more numerous and stricter. In an annex to the 

regulation, they stretch to more than 20 sections with multiple 

sub-sections. 

DDCs are a fast-growing market with rapid advances in 

technologies that are inevitably causing regulatory difficulties 

when medicines and devices are covered by different quality 

standards and approaches.

While the quality of medicines is governed by good 

manufacturing practice (GMP) rules, quality of medical 

devices is mainly controlled by standards of the International 

Organization for Standardization (ISO) and sector bodies such 

as the International Electrotechnical Commission (IEC), which 

lays down standards for electrical and electronic products.

Digitalized or electrical devices often have to be assessed 

against several different standards. An electro-mechanical 

infuser, for example, can be covered by as many as six different 

ISO and IEC standards.

Bringing together different regulatory systems for approving 

as medicines DDCs and other increasingly complex combination 

products is likely to become a major challenge for regulatory 

authorities for some time to come.
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Single-Use Bioprocessing 
Equipment Trends and 
Adoption by CMOs
The growth in adoption of single-use systems for 

commercial manufacturing will be dramatic in coming years.

Single-use systems (SUS)—bioprocessing 

equipment designed for one-time use or a 

single product manufacturing campaign—has 

become the leading paradigm for pre-commercial 

(preclinical and clinical supplies) manufacturing of 

biopharmaceutical products (1). An estimated ≥85% of 

pre-commercial upstream bioprocessing now involves 

primarily or fully the use of single-use equipment for 

manufacturing. And the use of SUS for large-scale, 

commercial manufacturing is just starting. 

This article reviews some of the SUS-related 

results from BioPlan Associates’ 15th annual survey 

of biopharmaceutical manufacturing professionals 

worldwide, which included responses from 352 

responsible individuals, including 222 working for 

biopharmaceutical developers/manufacturers, and 

130 working for bioprocessing suppliers or vendors. 

Because SUS operations directly impact bioprocessing 

capacity and capacity utilization, this survey has long 

included questions concerning SUS. 

SUS current status and trends

Much has been written about the benefits and 

disadvantages of SUS, and the biopharmaceutical 

industry has accumulated more than a decade 

of experience with the equipment and materials. 

Industry consensus now includes recognition that 

SUS enables lower up-front capital investments 

and operational costs compared with classic fixed 

stainless steel-based equipment. SUS also provide 

more flexibility than stainless systems, including 

more rapid turnovers and availability of the same 

process lines for manufacturing multiple products. 

SUS have lower operational costs due to the 

elimination of cleaning, sterilizing, and (re)validation 

of stainless-steel equipment. One downside of SUS, 

however, is the considerable recurring costs for 

new devices and equipment purchase for each use 

or campaign. 

Every bioprocessing facility consumes significant 

amounts of some type of SUS products, if only 

classic, legacy SUS products, such as tubing and filter 

membranes. In the past decade-plus, however, newer 

types of SUS equipment have been brought to market, 

and nearly all types of bioprocessing equipment are 

now available in SUS format. The past decade has 

seen rapid growth in adoption of SUS-based process 

lines in place of stainless steel-based equipment, to 

the extent that SUS process lines dominate upstream 

pre-commercial biopharmaceutical manufacturing. 

Downstream bioprocessing has seen less adoption 

of SUS compared to upstream. It still is difficult, 

expensive, and rare to implement a fully or even 

mostly SUS downstream processing stream, as 

chromatography and other purification technologies 

to date resist cost-effective adaptation to SUS 

formats. Due to excessive costs, chromatography 

columns and separation media/resins continue to be 

recycled. 

SUS has been adopted—nearly exclusively—for 

mammalian cell-culture applications; microbial 

bioprocesses have resisted adoption of SUS. 

Microbial bioprocessing compared with mammalian, 

requires higher temperatures, pressure, use of 

special atmospheres, and more energetic mixing and 

aeration. Some microbial SUS product lines are now 

marketed, but do not appear to have gained traction 

in the market. On the other hand, most cellular and 

gene-therapies bioprocessing involves use of SUS, and 

despite adoption of plastic systems, a capacity crunch 

is expected in these sectors (2).

In the early 2000s, a few single-use systems, 

such as simple WAVE bag bioreactors (now from GE) 

on rocker platforms, and a few primitive fixed-wall 

SUS bioreactors with plastic liners, were available; 

these systems were limited in size, such as a few 

hundred liters. Late-stage clinical and commercial 

manufacturing, however, requires larger capacity. 
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Today, a variety of single-use 

bioreactors and other products are 

available, with most product lines 

going up to 2000-L scale. 

Some suppliers are pushing 

this limit (e.g., ABEC now offers 

4000-L SUS bioreactors). Each 

1000 L of bioprocessing fluid 

weighs approximately 2200 lbs., 

making SUS with capacities above 

2000 L unwieldy, difficult to install 

and move, not practical, or cost-

effective for many facilities. Stainless 

steel still dominates commercial 

manufacturing, which thoroughly 

dominates all bioprocessing capacity-

wise; pre-commercial manufacturing 

is only done as needed and involves 

much smaller quantities than needed 

to supply world commercial markets. 

Currently, 1000-L and 2000-L 

SUS bioreactors—with multiple 

bioreactors used in parallel if 

needed—are on track to become the 

industry standard for new large- and 

commercial-scale manufacturing, 

eventually replacing larger stainless-

steel units and facilities.  Thus far, 

there are few such facilities, but a 

trend for building SUS-commercial 

manufacturing facilities is starting, 

and growth in adoption of SUS for 

commercial manufacturing will be 

dramatic in coming years, albeit 

from a very low baseline. However, 

much commercial manufacturing, 

particularly at the largest scales, 

remains more cost-effective 

when using large, fixed stainless-

steel equipment-based process 

lines/facilities. Most commercial 

manufacturing, in terms of new 

facilities and total capacity, will 

continue to be stainless steel-based 

for at least the next five years. 

A major trend supporting growth 

in adoption of SUS has been the 

steady increase in bioprocessing 

productivity, particularly upstream, 

in the past three decades since the 

introduction of recombinant products 

in the early 1980s (1). Bioprocessing 

productivity, especially upstream 

titers, has increased, essentially 

doubling about every five years, going 

from just a few tenths of a gram/L to 

the 3.2 grams/L that is now reported 

by BioPlan’s survey respondents as 

the average titer being attained at 

both clinical and commercial scales. 

This trend is expected to continue 

in the near term. Larger volumes 

of biopharmaceutical products 

can increasingly be manufactured 

using smaller or the same scale 

equipment. Only a decade ago, a 

facility producing several 100 kg/year 

of monoclonal antibodies would have 

required multiple dedicated ≥10,000-L 

stainless steel bioreactors and other 

comparably-scaled equipment. 

Today, the same amount can be 

manufactured with a few or even just 

one 500–2000-L SUS bioreactor faster 

and at lower cost.

The survey also found outsourcing 

of bioprocessing has remained 

steady, if not slowly increasing, with 

companies now taking a strategic 

approach to outsourcing versus 

seeking to outsource everything they 

possibly can. 

CMOs and SUS 

Contract manufacturing organizations 

(CMOs) use more SUS equipment 

and use it more frequently compared 

with developer/manufacturer 

companies. As shown in Figure 1, 

survey respondents from CMOs 

Figure 1: Usage of disposables in biopharmaceutical 

manufacturing, therapeutic developers vs contract manufacturing 

organizations (CMOs). Applications in biomanufacturing; % using 

single-use system (SUS) products (selected data).
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100.0%
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Figure 2: Twelve-year percentage-point change in first-usage 

of disposables, 2006–2018 (selected data). Note: Not growth in 

sales, this is growth in application first usage within a facility.
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reported increased use of SUS products vs. developers/

manufacturers in nearly every product category surveyed. 

This increased use of SUS by CMOs is fully expected, 

with CMOs needing the flexibility that SUS offers to 

rapidly switch over process lines or suites to manufacture 

different products at different scales. CMOs are highly 

motivated to get a facility or project up and running as 

quickly as possible; they do not have time to construct 

and validate stainless-steel process lines. CMOs, 

compared to developers/manufacturers, have more 

products to manufacture for clients and generally at non-

commercial scales. 

The past 12-year increases in the adoption of different 

types of SUS as reported by surveyed bioprocessing 

professionals, in terms of first use at facilities, are 

shown in Figure 2. There have been approximately 

50% increases in first use/adoption of major, big-ticket, 

SUS equipment, including bioreactors, mixing systems, 

membrane adsorbers, and perfusion devices. 

Some problems and issues involving SUS still inhibit 

its adoption. For example, when asked in the recent 

annual survey to cite the most important reason for not 

increasing their use of SUS, 25% of CMO respondents 

(vs. 17% with developers) cited high cost; 25% said 

“leachables and extractables are a concern” (vs. only 

10% with developers); and 13% of CMO respondents 

cited a “lack of disposable equipment that meets 

process requirements”, and “breakage of bags and loss 

of production material were a concern”, compared to 9% 

and 8% of developer respondents, respectively. Fully 70% 

of CMOs cited some factors limiting their adoption of SUS. 

But CMOs do what clients want, and clients increasingly 

want to adopt SUS for commerial manufacturing of 

products in development. As other parts of the annual 

survey regularly show, end-users identify improvements 

in SUS at the top, or among the top areas, where suppliers 

need to focus their R&D and bring new technologies to 

market.

Conclusion

CMOs have extensively adopted SUS-based bioprocessing 

over the past decade-plus, and CMO bioprocessing— in 

terms of the number of process lines, facilities, and 

products manufactured, especially at clinical scale—is 

now primarily SUS-based. Stainless steel equipment still 

dominates in terms of total overall capacity; commercial 

manufacturing scales often are using legacy stainless-

steel facilities or are producing at volumes where SUS is 

not a viable approach. 

CMOs now rarely implement stainless-steel process 

lines for client product manufacturing. By using single-use 

vs. stainless steel systems, CMOs can save on facility, 

campaign and operating costs, and capital investments, 

while gaining needed flexibility, including rapid process 

line turnover, enabling manufacture of more products 

more rapidly at diverse scales. The differences in views 

and adoption of SUS by CMOs vs. developers reflects the 

business models of each, with CMOs needing speed and 

flexibility, and taking a transactional approach. Developers 

have fewer products to manufacture at larger scales 

and seek more long-term and cost-effective commercial 

manufacturing approaches; using large stainless steel-

based process lines still generally fits that bill. But with 

more products in development having smaller, even 

orphan markets; titers and bioprocessing productivity 

continuing to increase; and product potency increasing, 

volumetric needs for commerical manufacturing are 

decreasing, with this facilitating an increasing percentage 

of new commerical manufacturing using SUS. 
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New drug development is so challenging that it’s hard to blame 

manufacturers for seeking shortcuts. But one area that cannot 

be given short shrift is chemistry, manufacturing, and controls (CMC) 

strategy, which offers a blueprint for taking a drug from the lab to 

clinical stages and through to commercial manufacturing. “CMC is 

the most underappreciated aspect of the whole drug development 

process, but it can make or break development,” says Ed Elder, 

director of the University of Wisconsin’s pharma experiment station, 

which performs early-phase development, preformulation, and 

formulation work for both small- and large-molecules.  

“Large pharma companies are unlikely to make mistakes due to the 

resources invested early in programme management. They generally 

have much more experienced personnel and turn to consultants 

primarily to supplement their staff when timelines accelerate,” says 

Christopher Bussineau, senior consultant with Biologics Consulting 

Group, Inc. “Smaller companies, especially technology innovators, do 

not have the same number of experienced people on staff or too few 

staffers with the specific experience required for the drug that they 

are developing,” he says. 

Bussineau considers the case of a start-up company that 

is developing a novel topical formulation that contains a well-

characterized protein as an active ingredient, with staff that formerly 

worked in the cosmetics industry. This group can fail to assemble an 

analytical package that is robust enough to characterize and control 

the product. The result, Bussineau says, puts too much risk on the 

product by, for example, not knowing the stability-indicating assays, 

not identifying significant impurities, and setting up inadequate 

formulation recipes. “Companies with limited budgets and experience 

may force short development 

timelines that compromise assay 

qualification and validation, as well 

as supplier and material qualification; 

facility and equipment qualification; 

storage conditions; tech transfer; and 

process validation,” he says. 

Although Big Pharma companies 

have done well with CMC over the 

years, as they move away from a 

focus on R&D to one that emphasizes 

acquisition strategies and licensing, 

the picture may begin to change 

in the future, says Elder. Smaller 

innovative companies do not always 

understand the importance of having 

a clear CMC strategy. “Some small 

biotechs take the approach of ‘Let’s 

run as fast as we can with whatever 

works, and if there’s a problem, we’ll 

deal with it later,’” he says. 

Small biotechs should learn from 

Big Pharma that performing extensive 

due diligence on CMC before an asset 

is acquired is crucial to protecting 

the investment, says Bussineau, 

especially if the technology is outside 

of the company’s area of expertise. 

“It is possible for companies to buy 

a process that cannot be scaled up; 

has dozens of impurities that were 

previously undetected by the seller’s 

CMC quality control group; may not 

have sufficient stability;  or may have 

been created with an uncharacterized 

cell bank,” he says.

Expensive shortcuts

The EMA’s fast-track approval 

pathway and the US Food and Drug 

Administration’s (FDA’s) accelerated 

review process, part of the 501(b)(2) 

approval pathway, may have made 

it more tempting to take shortcuts 

that, in some cases, have added 

millions of dollars and months if not 

years to development timelines. 

This is reflected in the growing 

number of Complete Response 

Letters (CRLs) that FDA has issued to 

manufacturers. CRLs put a temporary 

stop on a drug’s approval until 

specific issues are addressed. For the 

past few years, as the complexity of 

drug formulations has increased, FDA 

reviewers have issued more CRLs that 

directly cite CMC deficiencies. 

According to a recent study that 

analyzed CRLs issued between 

January 2017 and May 2018 (1,2), 

Agnes Shanley

As fast-track regulatory approvals transform 

drug development in the EU and US, the right strategy 

for chemistry, manufacturing, and controls is crucial. 
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FDA issued 33 CRLs for 25 new drug 

applications (NDAs), six biologics, 

and two complex generic-drug 

applications. Of the 24 CRLs that 

manufacturers were willing to talk 

about, 25% reflected failures within 

the manufacturer’s CMC programme. 

Eighty percent of the CRLs were 

issued to small companies, and 80% 

were for drug applications that used 

FDA’s 505(b)(2) approval pathway (2). 

“Timelines are very crunched, 

especially now with accelerated 

approvals,” says consultant James 

Blackwell, principal of Windshire 

Consulting Group. It’s essential 

that drug developers think through 

any process and go through it step 

by step and unit operation by unit 

operation to determine risk and 

predict where issues will show up 

during scaleup or technology transfer. 

“Operating companies must be 

proactive and drive their contract 

development and manufacturing 

organization (CDMO) partners to do 

this [with them],” he says. 

Internal metrics

More telling than any regulatory 

failings are the internal metrics that 

won’t be visible to anyone outside the 

organization, says James Bernstein, 

founder and principal of Live Oak 

Pharmaceutical Services. Questions 

to ask, he says, include:

• How often do we have out-of-

specification (OOS) results?

• How often do we have reworks on 

batches of drug substance or drug 

product?

• How often have we had to 

reformulate the product?

• Have we had a failed 

manufacturing batch?

Any one of these should be 

considered a red flag, Bernstein 

says. Bussineau suggests asking the 

following questions as well:

• Are we doing sufficient trend 

analysis to know when it is 

necessary to revalidate the 

process?

• Do we know the cost of 

nonconformance, and is it keeping 

total cost of goods (COGs) from 

decreasing over time?

• Do the product lifecycle plans 

include process improvements or 

equipment changes?

Given the complexity of CMC, the 

best way to develop a clear strategy 

is to base it on a target product 

profile, which looks holistically at 

what you’re trying to achieve, says 

Elder. Questions to address include 

the therapy, patient population, 

and the physical and chemical 

characteristics of the drug, and how 

they play into all those factors, he 

says. In addition, cost elements and 

intellectual property protection must 

also be considered. “You need an 

understanding, not only of the basic 

science of CMC, but how that fits into 

preclinical, clinical, and regulatory 

strategy,” says Elder. 

Every compound and every 

development programme will 

be different. “It’s a matter of 

understanding what information is 

needed and when, and generating it 

in real time. Based on what you learn, 

you can adjust that strategy as you go 

so that you can make good decisions 

on whether or not to move forward at 

each step,” he says.

Errors of omission are typically the 

biggest problem. “Many developers 

fail to anticipate problems based on 

the data that have been generated. In 

some cases, they haven’t generated 

the right data, or they haven’t thought 

through all the potential problems. 

In other situations, they don’t have 

adequate expertise in the CMC area, 

and so they just continue to do what 

someone else did or what they think 

is necessary without a thorough 

strategy or plan as to why or when 

they’re doing things,” says Elder.

As a result, the development 

team may miss a solubility or 

stability issue, or a polymorph 

change, Elder says. It is especially 

important to look for signs during 

analytical development that may 

signal problems later on, such as 

changes in the compound under 

different conditions.“You do some 

forced degradation studies that 

may show whether something is 

sensitive to oxidation, to acidic or 

basic conditions, or to hydrolysis. 

Depending on what type of solid 

systems you’re using to dissolve 

your drug for analysis, you may 

discover solubility issues. You may 

see precipitation issues during testing 

that show that compound may be 

converting salt forms and, thus, is 

less stable than you thought, or the 

compound may not be as soluble as 

you thought,” Elder says.

Frequent analytical testing is the 

key, says Bussineau, along with 

scale-up and scale-down models, 

quality risk management principles, 

thorough documentation, and a 

lifecycle approach. “The earlier 

you set the foundation, the sooner 

it will benefit the development 

programme,” he says.  

Looking from the end point 

“People talk about working ‘with the 

end in mind’,” says Elder. “I prefer to 

turn that image around, and look from 

the end through to the beginning, and 

consider the best path to get there,” 

he says. “Get your regulatory people 

involved and think about IP protection 

strategy early on. Look at it from the 

payers’ perspective. Think about the 

manufacturing angle, and whether 

technologies might be too expensive, 

but do this as early as possible in 

development,” he says

Even a simple product line 

extension, and a change as simple 

as adding a new flavoring or coloring 

to a product can result in problems, 

says Elder, resulting in the creation 

of a new polymorph form due to 

differences in solubility. “There are 

some things that you can’t anticipate, 

but you can test and try to induce 

those things during testing,” he 

says. “I’ve had things like liquid-filled 

capsules that started leaking because 

the packaging wasn’t designed 

appropriately,” says Elder. In other 

cases, a product’s “failure” was due 

to clinical trial patients trying to 

open up the liquid capsules with a 

fork to determine whether they were 

being given the placebo or an active 

ingredient, he says.

He warns against taking the 

easiest way out, recalling one case 

that involved a very insoluble drug 

where the project team decided to go 

to first-in-human clinical trials with 

a powder-in-a-bottle approach, to 

save formulation time. They weighed 

powder, put it in a vial, and liquid 

would be added at the clinic to make 

a slurry for patients to drink.The 

resulting process wound up taking 

more time than it would have taken 
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to make a solution. “It all comes back 

to getting the right data and making 

the best possible decisions,” he says.

With biopharmaceuticals, Bussineau 

has seen the following derail or delay 

drug development projects: 

• Failure to audit a CDMO 

for specific expertise (e.g., 

clinical manufacturing versus 

commercial-scale manufacturing 

and quality capabilities)

• Failure to qualify and validate 

appropriate assays

• Failure to question what might go 

wrong

• Believing that data are a complete 

reflection of the product

• Failure to characterize a sole-

sourced, esoteric raw material 

and to identify an alternative 

supplier

• Failure to identify all critical 

process parameters before 

starting a process performance 

qualification

• Failure to identify the mechanisms 

of product degradation during the 

intended storage condition of drug 

products and drug substances, 

and failing to develop assays that 

might have detected this problem

• Setting in-process intermediate, 

drug substance, and drug product 

specifications without sufficient 

knowledge of process capability

• Failure to develop a potency assay 

until a process is defined that 

leads to inactive product

• Failure to develop a target profile 

and quality target product profile

• Failure to use a quality risk 

management approach to 

decision making in everything 

from deviation investigation 

to validation protocols to 

development plans

• Failure to set up quality 

agreements with all suppliers.

Talk with regulators

Another big mistake that companies 

make is failing to work with 

regulators, says Bernstein. “Small 

companies may interact with 

FDA on clinical issues, but may 

underestimate the need to interact 

with the agency on CMC issues. 

Sometimes they don’t appreciate the 

opportunity and value of having direct 

communication with the agency,” 

he says. Bernstein encourages 

small companies to think one phase 

ahead of where they are, so that 

if they’re doing Phase I work, they 

should already be incorporating 

elements that will be needed in 

Phase II. This way, even if they decide 

to sell the asset, the buyer won’t 

have to redevelop the synthesis or 

formulation, he says.

Small pharma companies can 

often do without a dedicated CMC 

person throughout Phase I and even 

into Phase II, says Bernstein, but at 

some point during Phase II, this will 

change. “You need at least one if 

not two people to manage the CMC 

issues of getting ready for the NDA 

and managing CDMO relationships,” 

he says. “This person should 

have an advanced degree, project 

management and management 

experience, and several years of 

experience in an integrative capacity, 

understanding the relationship 

between synthesis, formulation, and 

quality control.” In addition, they will 

need good people skills, he says.

Bussineau summarizes strategy 

development with partners: 

“Document everything from the 

plan to deliverables; make the plan 

transparent and translatable into a 

coherent budget; enable a team with 

the appropriate skills, supplement 

the team with consultants where 

needed, and grow when necessary; 

develop partnerships with your 

service providers; develop ‘win-win’ 

contracts, and, finally, set the right 

definition of success.”  

Bernstein suggests getting as 

much information as possible on 

potential CDMOs. “Visit each of them 

yourself, and get their proposals 

organized so that you can compare 

them directly [point by point].” He 

suggests considering intangibles. “Do 

people look happy at their facility? 

Is it well equipped? What kinds of 

training programmes do they have? 

Ask for references from consultants 

and other colleagues,” he says, “and 

beware of inconsistencies.” Bernstein 

recalls one CDMO that had a great 

track record in formulation and 

manufacturing. “Any time we’d ask 

them about an aberrant dissolution 

value or other questionable result 

from their QC lab, they’d say ‘It’s just 

an outlier’ without investigating it. 

Because this happened several times, 

we don’t work with them anymore,” 

Bernstein says.

Written documentation

It’s also important to spend time on 

writing the CMC portion of the NDA 

or abbreviated new drug application 

(ANDA), Bernstein says. All too 

often, applicants submit a Module 

3 that is poorly written, in which 

crucial information remains buried 

somewhere in the submission but 

cannot be found.  

“A submission needs to tell a story, 

and it should be a coherent one, with 

information that is readable, clear, 

and as concise as it can be,” he says, 

and not the 300-page P2 section 

that he recalls one firm submitting. 

“They had information requests from 

FDA and were making no progress 

because reviewers could not find and 

review the information within the 

time allowed,” he says. 

“You don’t need to tell them about 

everything, but you do have to tell 

the complete story for your product 

and for pivotal tests. Nonessential 

information can easily be summarized 

and referenced, but essential 

information must be there and easily 

retrievable,” says Bernstein.”

Every manufacturer has its own 

performance metrics (e.g., success 

rate, performance to plan [yield], 

plant/equipment utilization rate, 

productivity [time], deviation closure 

rate, and corrective and preventive 

action (CAPA) closure rate). FDA’s 

evolving quality metrics promise to 

standardize these company-specific 

measures to develop a consistently 

strong view of quality in the future. 

“We’ll have to wait and see how that 

programme goes, says Bussineau.
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The increasing complexity of biologic drugs in development is 

in part driving the need for innovative delivery mechanisms. 

Innovation in syringe technology is one example of how drugmakers 

strive to address the challenges of administering these newer 

therapeutics.

The rapid growth of newer and targeted molecular entities, such 

as monoclonal antibodies (mAbs), interferons, peptides, vaccines, 

and ophthalmics; the increasing prevalence of chronic diseases and 

cancers; and the growth of biosimilars are driving the growth of 

prefilled syringes. Another factor that contributes to this growth is 

the need for improved safety and ease of administration for patients 

and healthcare workers. Prefilled syringes are known to be easy to 

use and to need only a few administrative steps, which contributes to 

improved safety (1). 

In talking with Pharmaceutical Technology Europe, Nicolas Eon, 

global product manager of syriQ at SCHOTT, and Claudia Roth, PhD, 

vice-president Innovation Management at Vetter, discussed key 

challenges, required standards, and the potential future impact of 

biologic drug development on the prefilled syringes market.

Biologic drug challenges

PTE: What are the main challenges or deficits in prefilled syringe 

technology today, specifically challenges meeting the needs of 

biologic drugs?

Eon (SCHOTT): Over two-thirds of the drugs in the development 

pipeline of pharmaceutical companies are biologics. These drugs offer 

new treatment options for some of the hardest-to-treat diseases, such 

as cancer, and chronic diseases. Yet their highly complex molecule 

structures are more sensitive to temperature and environmental 

conditions and are prone to 

interactions with the pharmaceutical 

container. Hence, biologics require 

innovative packaging to ensure drug 

stability over the entire shelf life. 

With prefilled glass syringes, the 

drug comes into contact with up to 

seven materials, with each presenting 

a potential risk of interaction. 

Subsequently, it is of high importance 

to reduce this risk by using 

components made of high quality 

as well as optimized processes. For 

example, when it comes to gluing the 

needle, a process optimization of the 

gluing step can reduce drug/container 

interactions by minimizing the 

quantity of residuals glue monomer. 

Moreover, biologic drugs tend 

to be highly viscous, which means 

that more force is needed during 

administration. In addition, over 75% 

of biologics are used in combination 

with an auto-injector for self-

administration. Subsequently, the 

prefilled syringe must meet highest 

accurate dimensions as well as 

ensure that the gliding performance 

remains consistent from one injection 

to the next. The mechanical strength 

of the glass container must also 

withstand the pressure applied during 

the administration process.

PTE: What specifications are 

required for packaging biologic drugs 

in prefilled syringes?

Roth (Vetter): As is often 

the case, creating easy-to-apply 

systems means a more complicated 

production process at the outset. As 

we know, a prefilled syringe system 

is a complex construct because it has 

many individual components. That is 

why it is critical to achieve the correct 

individual conjunction and interaction 

of its parts in order to enable both 

functionality and usability. For 

example, when administering a 

drug with a syringe, you need to 

have a plunger rod that operates in 

concert with the other components, 

especially the glass barrel. To achieve 

this, a slight coating of lubricant 

is placed on the inner surface of 

the glass barrel. Therefore, a key 

challenge is to define the appropriate 

coating process and to control 

the correct amount of lubricant 

needed to enable the best possible 

movement of the plunger rod. This 
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Prefilled Syringes

must be achieved in a manner 

that avoids any form of interaction 

between the lubricant and the drug 

substance.

In the biologics sector where the 

active ingredients of compounds are 

large and very complex molecules, 

their manufacture is equally 

complex and challenging. Thus, a 

vast degree of experience and a 

substantial level of process expertise 

is required. Biologics react with far 

greater sensitivity to environmental 

influences such as heat or light than 

other substances do. That is why 

it is important to design, develop, 

and implement the correct product-

related production processes. For 

example, using a suitable dosing 

method and proper pumps in the 

filling process is critical. 

Another example is the fact 

that biologics can react negatively 

to the chemical composition of 

the stopper within the syringe. 

For manufacturers, this means it 

is important to have significant 

knowledge of packaging materials 

and components.

Eon (SCHOTT): The Parenteral 

Drug Association’s (PDA) Technical 

Report (TR) No. 73, Prefilled Syringe 

User Requirements for Biotechnology 

Applications (2), published in 

2015, can be used as a baseline 

to design syringes for biological 

drugs. Depending on the drug and 

the intended use, the detailed 

specification must be agreed upon 

between the biopharma company 

and the prefilled syringe supplier.

Innovations and

future impact

PTE: What innovations in prefilled 

syringes are currently on the market, 

or in development, to address the 

challenges that biologic drugs face?

Eon (SCHOTT): SCHOTT recently 

launched syriQ BioPure, prefillable 

glass syringes that are specifically 

designed for self-administered 

biologics. These syringes ensure 

drug stability during shelf life and 

ease-of-administration for patients. 

The syringes are made of highly 

inert Fiolax borosilicate glass and 

are manufactured under improved 

processes to lower tungsten oxide 

and adhesive residuals. As more 

and more biologics are administered 

in combination with a device, the 

syringes work with leading safety and 

auto-injector devices, thus enabling 

patients to move from hospital to 

homecare. A uniform silicone layer 

ensures that the flow rate of the 

injection process is as smooth as 

possible, thus enhancing the patient 

experience.

Roth (Vetter): In our opinion, 

despite all the innovative activities 

being considered today, quality will 

always be the leading criteria of 

achievement. After all, we are in 

an industry where patients literally 

get injected with the products we 

manufacture for pharma and biotech 

companies. It is for our customer, 

as well as the patient, that we make 

every effort to be as innovative as 

possible while striving to achieve the 

highest-possible manufacturing and 

process quality on a day-by-day basis.

 Another central target is achieving 

compatibility between the active 

ingredients of a drug and its method 

of administration. That means it 

has to be as ‘end-user friendly’ 

as possible. It is a well-accepted 

principal that the higher the usability 

of a drug-delivery system, the greater 

the acceptance among patients 

and caregivers. The reasons for 

this include the homecare sector 

where a patient-friendly system 

fits well and contributes to cost 

avoidance and time-intensive visit to 

doctors’ offices and hospitals. Also, 

patient adherence itself is strongly 

dependent on the convenience level 

of the drug-delivery system.

To put it simply, whatever protects 

or increases the safety of a drug-

delivery system while increasing its 

usability, is an enhancement and an 

innovative advance for the market 

and, ultimately, for the patient.

PTE: What trends in biologic drug 

development do you think will have 

an impact on the future development 

of prefilled syringe technology?

Eon (SCHOTT): One trend we see 

is the higher complexity of biologics 

as well as the higher sensitivity of the 

drugs. This results in the need for a 

superior extractables and leachables 

profile of the pharmaceutical primary 

packaging. More specifically, this 

means that the amount of tungsten 

and glue residual must be minimized 

and the selected rubber formulations 

carefully considered. In addition, the 

options for lubrication, such as the 

use of silicone, must be evaluated. 

Another trend is the move from 

hospital to homecare to allow 

patients to self-administer the drugs 

in an environment where they feel 

most comfortable. To ensure that this 

is as easy and safe for the patient as 

possible, the self-injection is handled 

in combination with a device, such as 

auto-injectors. For the development 

of prefilled syringes this means that 

the container must be compatible 

with a number of devices and meet 

the specific requirements and 

dimensions.

The rise in personalized medicine, 

including biologics, targeting small 

target groups also effects the 

development of prefilled syringes. 

Due to the smaller batch sizes that 

are required, a new supply chain 

concept and a flexible platform 

approach are needed. This flexibility 

can be introduced early on in the 

drug development process by using 

standard secondary packaging for 

the primary packaging. For example, 

SCHOTT recently launched its iQ 

platform concept in which syringes, 

including syriQ BioPure, are packaged 

in a standardized tub, which 

simplifies the changeover from, for 

example, vials to prefilled syringes to 

run on one filling line. Subsequently, 

the syringe development needs to fit 

in with a broader picture in order to 

meet market demands. 

Lastly, the industry is confronted 

with more stringent regulations, 

which require the packaging to 

provide ‘design history file-ready’ 

documentation and be ‘essentially 

free of particle’. 
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Highly potent APIs (HPAPIs) are an increasingly important segment 

of the API market. While there are many contract development 

and manufacturing organizations (CDMOs) that claim to have potent 

compound production capabilities, few have the facilities, equipment, 

and trained personnel needed for the production of highly potent 

compounds with occupational exposure levels (OELs) of 10 μg/m3/8h. 

CDMOs with established expertise are investing in expanded capabilities 

to meet the growing need for HPAPI production capacity.

Fast growing market

Global demand for HPAPIs is estimated by various market research 

firms to be approximately $17 billion in 2018 and expanding to about 

$26 billion by 2023, according to Claudio Salvagnini, director of CDMO 

API and HPAPI activities at Minakem. The rapid growth is driven largely 

by the global oncology market, as many highly potent compounds are 

used for the treatment of cancer. This market has already surpassed 

$100 billion in global sales and is expanding at double-digit rates, 

according to a number of intelligence reports reviewed by Minakem. 

Maurits Janssen, head of commercial development, API 

development, and manufacturing with Lonza Pharma & Biotech, 

adds that the percentage of HPAPIs that are cancer treatments has 

grown from more than 50% in 2015 to approximately 60% in 2018, 

with the rest found in hormonal treatments, central nervous system 

treatments, and all other therapeutic areas. There are also many rare 

diseases under focus, and many of these conditions are being treated 

with highly active compounds according to Marko Salo, vice-president 

of marketing and sales with Fermion. 

Three-quarters of HPAPIs are novel compounds. In particular, 

the growing focus on precision and personalized medicines such as 

antibody-drug conjugates (ADCs) 

that treat specific patient subgroups 

or conditions is driving development 

of novel APIs. Innovation is, 

therefore, another important factor 

in the growth of the HPAPI market, 

according to Salvagnini. He adds that 

despite the increasing number of 

biologic drugs in the pharmaceutical 

pipeline, the HPAPI market remains 

dominated and is foreseen to 

continue to be dominated within the 

next five years by small-molecule, 

chemical APIs. 

Lonza also expects the generic 

HPAPI market to see strong growth 

over the next few years due to 

patent expirations of some branded 

HPAPI products, according to 

Janssen. Another driver for the 

growth of HPAPI capacity demand 

is the additional knowledge being 

obtained for existing compounds that 

previously were not considered to 

be HPAPIs. As new toxicity data are 

generated, some of these compounds 

are being reclassified as HPAPIs, 

according to Salo.

Outsourcing of HPAPI production 

is also expected to expand faster 

than the overall HPAPI market, 

according to Janssen. “This growth 

is due to the fact that the majority 

of innovation is taking place in 

smaller emerging biotech companies 

with no in-house manufacturing 

capabilities and, therefore, the need 

to outsource,” he explains.

Limited options for 

highly potent production

The number of companies advertising 

highly potent manufacturing 

capabilities is quite high, according 

to a recent survey conducted by 

Minakem. “In a market analysis, 

approximately 100 [contract 

manufacturing organizations (CMOs)]/

CDMOs were identified as claiming 

to focus on high potency and making 

numerous investments in the past 

10 years, so what was once a 

niche segment appears to be more 

crowded,” Salvagnini notes. 

Upon closer look, however, 

Minakem found that classification 

of highly potent manufacturing 

capability comes down to how each 

company defines potent vs. highly 

potent. Many of these companies are 

capable of processing compounds 
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with OELs down to 10 μg/m3/8h, 

but only a handful of active CDMOs 

have the capability of handling highly 

potent intermediates and APIs with 

OELs of 0.10–0.01 μg/m3/8h and 

lower, Salvagnini says. This HPAPI 

business is highly concentrated in 

Western countries, according to 

Janssen.

Salo adds that many of these 

recent investments have involved 

smaller capacities. Janssen notes 

that the majority of HPAPI equipment 

for commercial manufacturing is 

mid-scale (4–6m3), where there is 

the highest demand. “Only a few 

companies, including Lonza, can 

cover the full range of reactor scales 

along the drug lifecycle from 2–10m3, 

allowing customers to access phase-

appropriate equipment for their 

individual needs,” he says.

“Entry into this segment of the 

market is limited by the high initial 

investment required to install 

containment systems, glove boxes, 

proper air flow and conditioning 

systems; develop effective 

processes; and train operators,” 

observes Salvagnini. He adds that 

having a solid reputation for success 

in HPAPI manufacturing is probably 

more important than in other 

segments of the pharma industry, 

given that the safety of operators, 

the environment, and patients is a 

key concern. “We have seen that 

clients looking for HPAPI services 

conduct more thorough audits and 

risk assessments when evaluating 

potential outsourcing partners,” 

Salvagnini says. 

There are currently no indications 

of overcapacity in the market, 

according to Janssen, but increasing 

competition may lead to a lower 

perceived market growth of the 

segment in the future. Continued 

investment will still be needed, 

however; as manufacturing and 

handling technologies for HPAPIs 

continue to improve, older facilities 

will require upgrading from time 

to time to prevent becoming sub-

standard.

Investments at Minakem

Minakem recently expanded HPAPI 

capabilities at its Louvain-la-Neuve 

plant in Belgium, which it acquired in 

2015 from Ajinomoto OmniChem. “We 

acquired high-containment technology 

with this site and set as a goal to 

become a leader in high potency 

development and manufacturing,” 

notes Salvagnini. With available space 

for expansion within the building 

and on the site, it was possible 

for Minakem to revamp existing 

facilities and add new equipment and 

production trains. In addition, the 

company has access to talent due 

to its location near universities and 

pharmaceutical companies.

“The HPAPI segment is a high-

technology market that requires 

continuous investment to ensure 

state-of-the art capabilities,” 

Salvagnini asserts. Not only is the 

HPAPI market expanding, highly 

potent compounds are becoming 

increasingly complex and more 

potent. “We need to be certain 

that we have the broadest range 

of synthetic and containment 

capabilities to meet the evolving 

needs of the marketplace,” he adds.

The new closed-controlled, high 

containment laboratory facility was 

opened in August 2018 and extends 

Minakem’s capacity to develop and 

manufacture HPAPI compounds 

from small-scale development to 

full GMP batch releases. In addition 

to nine fume hoods, a double-

barrier of protection in the form 

of new-generation glove boxes in 

a room dedicated to dry powder 

handling and weighing, air locks, 

HEPA air filters, and cascading flow, 

the facility includes a preparative 

chromatography system for the 

isolation and purification of target 

molecules from milligrams to 

hundreds of grams for analysis and 

production applications. 

The current production suite 

enables production of gram, 1–10 

Kg, 20–50 Kg, and 100–150 Kg 

batches of compounds with OELs 

down to 0.1 μg/m3/8h. Minakem has 

also installed 5-, 50-, and 300-mm 

preparative high-performance liquid 

chromatography (HPLC) columns, 

according to Salvagnini. The 

company is also looking to invest in 

additional hydrogenation equipment 

under containment. 

Investments at Fermion

Fermion’s three-year project to 

expand HPAPI production capability 

at is Hanko, Finland plant reached its 

conclusion in the summer of 2018, 

with first batches and regulatory 

inspection completed. Unit 4 consists 

of a fully automated, completely 

closed HPAPI unit of more than 50 m3 

capacity for the production of highly 

potent compounds with occupational 

exposure bands (OEBs) 4 and 5, 

according to Salo.

The facility can be run by just 

three operators due to a high level 

of automation; as a result, Fermion 

is able to produce HPAPIs cost-

competitively, Salo adds. A bar-code 

system is fully integrated into the 

automation system, preventing 

charging of the wrong materials and 

avoidance of paperwork.

The project was commissioned 

in response not only to the growing 

demand for HPAPIs, but also 

because Fermion was finding that 

some older generic APIs that were 

previously categorized as OEB3 are 

today considered to be category 

OEB4 or OEB5 compounds. “We 

want to protect our operators to the 

highest possible degree and would 

rather overprotect our employees 

than take any risks even for lower 

OEB class products,” asserts 

Salo. He adds that it is Fermion’s 

point of view that operator 

working conditions with modern 

containment protection systems 

such as isolators are better than 

those that rely on old-fashioned 

personal protective gear.

Investments at Lonza

One factor contributing to Lonza’s 

continued investment in HPAPI 

capacity and capabilities is the 

growth of oncology as a focus 

of biopharmaceutical research 

and development, according to 

Janssen. “Since these products 

use increasingly complex and toxic 

molecules, the companies that 

develop them more frequently seek 

external partners like Lonza Pharma 

& Biotech with the facilities and track 

record and expertise to properly 

handle HPAPI formulations,” he says. 

As an example, he points to ADCs and 

their use of highly toxic molecules to 

specifically target and kill cancer cells 

as representing a step up in oncology 

treatment that would neither be 

possible nor effective without 
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extremely potent payload molecules 

and the capabilities required to 

handle them.

The company’s HPAPI investments 

have focused on providing agile 

manufacturing solutions for the 

wide range of product volumes 

required by biopharma companies’ 

increasingly specialized and 

pharmaceutically potent products, 

according to Janssen. Lonza Pharma 

& Biotech’s Visp, Switzerland 

Center of Excellence in HPAPI 

Development and Manufacturing has 

multi-purpose facilities designed to 

efficiently and safely manufacture 

multiple products simultaneously 

at various scales. Lonza currently 

has active HPAPI projects with OELs 

ranging from 5 to 0.04 μg/m3.

In February 2018, the company 

announced expansion of its HPAPI 

capabilities in North America, 

including the addition of two 

commercial-scale processing suites 

for the handling and encapsulation of 

HPAPIs using drum-dosing technology 

for powder-in-capsule filling at its 

Tampa, FL USA site.

Investments at Cambrex

In late 2017, Cambrex announced a 

$24-million investment in a new facility 

to manufacture HPAPIs at its Charles 

City, IA plant in the United States. 

The 4500-sq.-ft. production area will 

operate to an OEL of 0.1 μg/m3 and 

have a total reactor capacity of 2200 

gallons and be able to manufacture 

batches from 50 to 300 kg. The small-

scale manufacturing area at the site 

is also being reconfigured to provide 

a single high-containment building 

to support early stage development 

and manufacturing. Construction and 

installation of all new equipment is 

expected to be completed by Q1 2019.

The investment is in response 

to the growing number of highly 

potent, small-molecule APIs in 

the pharma pipeline, according to 

Shawn Cavanagh, COO of Cambrex. 

It is also part of an ongoing strategic 

campaign to invest in small-

molecule API development and 

manufacturing across Cambrex’s 

global network of facilities. 

Overcoming challenges

Implementing new HPAPI 

development and manufacturing 

capabilities presents multiple 

challenges that must be addressed 

within a limited timeline, according 

to Salvagnini. “Multiple departments 

are involved, so cross-functional 

teams with representatives from 

environmental health and safety, 

program management, R&D, 

production, etc., must collaborate 

with external consultants and 

project design and construction 

companies. Having solid internal 

experience in containment 

technology and working efficiently 

together in close collaboration on a 

daily basis is essential for keeping 

such types of investment projects on 

track,” he says.

Previous experience with the 

addition of HPAPI units is also highly 

beneficial for successfully completing 

new projects on time and without 

major issues, according to Salo. 

Janssen agrees: “Considering Lonza’s 

20 years of experience in handling 

HPAPIs and in maintaining the 

required facilities, the construction 

of new capacity was supported 

heavily from past experience, and 

progress was demonstrated by 

the short realization timeline and 

absence of critical challenges,” he 

observes. He also notes that Lonza 

has found it extremely valuable to 

build on a stable team of specialists 

and to keep everyone pointed in the 

same direction. 

What’s next?

In addition to the expected healthy 

growth of the HPAPI market that 

is expected to continue in the 

coming years, significant changes 

in manufacturing and logistics 

are anticipated in response to 

changing market dynamics. “The 

move into personalized and 

specialized medicines means that 

large numbers of molecules will 

be produced at small scale, which 

is quite a massive change from 

the way the supply chain operates 

today,” asserts Salvagnini.

There is also a movement toward 

higher containment protection 

levels, according to Salo. Molecular 

complexity will increase further 

as well and present ongoing 

manufacturing challenges, according 

to Salvagnini. In addition, many 

HPAPIs in the pharma pipeline 

face bioavailability challenges 

and/or require modified-release 

technologies, according to Janssen. 

“As a result, HPAPI production and 

manufacturing today requires more 

specialized capabilities than ever 

before,” he says.

In addition, many drug 

formulating companies are 

closing their in-house production 

facilities and shifting toward 

contract outsourcing as a more 

cost-effective approach to HPAPI 

manufacturing. “These companies 

are looking for external CDMOs that 

offer integrated services and can 

tailor their enhanced technology 

platforms and supply-chain 

solutions to specific companies’ 

needs to facilitate development and 

reduce time to market,” Janssen 

comments. Outsourcing, he adds, 

is strongly driven by emerging 

and mid-sized pharmaceutical 

companies, which account for most 

of the innovations in the pharma 

industry today.

“CDMOs will need both flexibility 

and agility to accommodate the 

broader range of chemistries, 

toxicities, delivery technologies, 

and product volumes for highly 

potent intermediates and products 

that will exist in the near future,” 

asserts Salvagnini. 

Responsiveness will also be 

important, as increasing numbers 

of projects are designated as 

accelerated approval programs. 

“Minakem is preparing by adapting 

both its facility and internal 

organization, building dedicated 

supply-chain and building project 

teams in order to rapidly proceed 

through increasingly complex 

processes and stay on the critical 

path for shortened timelines,” 

Salvagnini says. He adds that its 

ongoing investments are made 

with this new future in mind, 

including investments in analytical 

capabilities and skilled and talented 

workforce. PTE

Significant changes 

in manufacturing and 

logistics are anticipated 

in response to changing 

market dynamics.
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In methods currently used to ensure the uniformity of dosage 
units (UDU) (1), the test acceptance value (AV) is based on 
the following formula: AV = M x + ks, where M is reference value, 
x is sample mean, k is acceptability constant, and s is sample 

standard deviation.
Despite its widespread use, this method can result in bias and 

may allow batches of inferior quality to be released. The bias 
can result in fluctuated conclusions, especially when guidance 
established by the American Society for Testing and Materials’ 
(ASTM) E2810 standard guide (2) is followed. Studies have found 
lack of correlation between AV and probability (ASTM E2810) 
computed using validation data. In addition, AV, as it is typically 
computed, is also inconsistent with lot coverage (3). This incon-
sistency is caused by the conditional determination criteria that 
are used to determine the reference value (M). 

In order to remove bias from the AV limit, the definition of 
M must be adjusted. One way to do this is by replacing it with 
the process target (T). Appropriate derivation using statistical 
techniques can result in an unbiased formula with increased dis-
criminative power to generate a new AV distribution. Using this 
approach, the higher power would be indicated by one AV limit 
for each sample size, for example, as well as one limit for each 
target, and limitation of “T-Xbar” values, effectively preventing 
the release of inferior quality batches. 

Critical AV values (at locations with 95% or 99% coverage) can 
be determined after simulation studies and complete construc-
tion of the distributions, so that new and unbiased AV limits can 
be established. This article will briefly describe how to do this.

The test acceptance criteria for current (UDU) (1) are sum-
marized as follows, where AV = acceptance value, M = reference 
value, s = standard deviation, x = content uniformity data mean, 
xmin = minimum, and xmax = maximum of 30 units: 

• Stage 1: assay 10 units. Pass if AV = M x + 2.4s 15 criteria are met.
• Stage 2: assay 20 additional units. Pass if AV = M x + 2s 15 criteria 

are met, provided that xmin ≥ 0.75M and xmax ≤ 1.25M criteria 
are also met. 

The determination criteria for reference value (M) are subject 
to the target value (T), which may be not more than 101.5% of the 
label claim (LC) (where M may be x, 98.5 or 101.5% LC) or more 
than 101.5% LC (where M may be x, 98.5 or T% LC). See United 
States Pharmacopeia (USP) (1) for more detail. 

The concept of acceptance value must be redefined 
to remove bias and more closely reflect quality 
targets. This paper describes how this can be done.
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A previous study (4, 5, 6) suggests that AV values are not 
always consistent with reliability, so they cannot fully guar-
antee that the batches being tested meet UDU. According 
to part three of that study (6), the definition of the AV for-
mula, AV = M x + ks, where AV is acceptance value, M is refer-
ence value, x is sample mean, s is sample standard deviation, 
and k is acceptability constant, is the root cause of the bias 
since it is associated with the biased determination criteria. 
For example, the previous formula forces M for any samples 
with means less than 98.5% or more than 101.5% LC to be 
98.5 or 101.5% LC, respectively (when the target is not more 
than 101.5% LC). 

The following (see Figure 1) is a relevant example of errors (6). 
Figure 1 illustrates lack of correlation between AV and probability 
graphs (according to ASTM E2810) due to its non-linearity. The 
probability pitfalls at 98.5% and 101.5% LC mean locations illus-
trate how the formula influences the AV parameter’s reliability. 

Use of the working AV limits (6) (e.g., not more than [NMT] 
12.5 for n = 10) still has a limitation (i.e., its validity exists 
only when sample mean values are those other than 98.5% 
or 101.5% LC). For 91.13% probability, as shown in the figure, 
there is 90% assurance (a 90% joint confidence interval) that 
at least 91.13% of all samples tested for content uniformity will 
pass the USP test.

The new concept of acceptance value (AV)
To remove the discriminative power bias and subsequently fix 
the method currently used to establish AV limits, the definition 
of M needs to be adjusted through directly using the process 
target (T). In order for the formula to be unbiased and more 
discriminative, it must divide by the square root of sample size 
n (i.e., in the same manner used to determine the standard error 
of the mean, σ∕√n) so that it is a function of sample size. Taking 
this approach, the current formula (Equation 1)

 AV = M x + ks [Eq. 1]

would become the following expression (Equation 2),

AV = T x / n +ks [Eq. 2]

Simulation studies must be run, however, to confirm the va-
lidity of this hypothesis.

An appendix to part one of the study mentioned previously (4), 
describes the statistical methods that are used, which include 
deriving the probability density function (pdf) formula in-
volved. Since the overall approach will be exactly the same 
as that used in the previous study (4), it may be sufficient to 
compare current AV numbers with derivations using the new 
AV formula derivation. This comparison is shown in Table I. 
When using the Microsoft Excel formula (Equation 3): 

Probability (P) = CHISQ.DIST(x,n - 1,TRUE)
  [Eq. 3] 

where, for practical use, chi variable χ2 is now replaced by x vari-
able. In Table I and Equation 3,

• χ2 is the Chi-square variable (it is a numerical variable equiv-
alent to each of the AV data on the x-axis)

Figure 1: The relationship among critical acceptance values 

(AVs), probability, and mean value for content uniformity (CU) 

(validation sample size n = 30).

Table I: Current vs. new acceptance value (AV) formulas and how they’re derived.
Current acceptance value New acceptance value

•  To create the new formula, the reference value M in the current formula is replaced with the target value, T. To make the formula discriminative, it needs to 
be divisible by the square root of the sample size n, in the same manner as the expression for the standard error of the mean, / n  . 

Current AV formula: AV = M x +ks New AV formula: AV = T x / n +ks 

•  To create the probability density function (pdf) using chi square statistics (4), the average value M x  in the current chi square formula must be replaced with 
the average value T x / n (where T x = 0.94748 in cell “G2” in Table II). The only difference is the average values. This is why the approach remains the same. 

Current χ2 formula: 

2 =
(μ / )2 +1

1/ n 1
k2μ2

AV M x
2

+1/ n New χ2 formula: 

2 =
(μ / )2 +1

1/ n 1
k2μ2

AV T x / n
2

+1/ n

For more detail, see reference 4. In Excel format, see cell “G4” in Table II. 

•  From the χ2 formula: To generate the probability density using the corresponding chi square function in MS Excel, the same formula must be used for both 
current and new, i.e. Probability (P) = CHISQ.DIST(χ2,n-1,TRUE) or CHISQ.DIST(x,n-1,TRUE) see Equation 3 above. See also cell “G5” in Table II.
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• n is sample size
• n-1 is n-1 degrees of freedom
• μ is process mean (mu)
• σ is process standard deviation (sigma)
• AV is acceptance value (on x-axis)
• M is reference value
• T is target value
• x is sample mean
• k is acceptability constant
• M x is absolute value between reference value (M) and sample 

mean (x) and M x is the average of all M x data in simulation
• T x is absolute value between target value (T) and sample 

mean (x) and T x is the average of all T x data in simulation
• P is probability density (%) (on y-axis)
• CHISQ.DIST is the MS Excel function that will return the 

chi square (χ2 or x) distribution (%)
• TRUE is the cumulative distribution

Construction of theoretical AV distribution (n = 10)
According to part one of the previous study (4), the minimum 
process capability index, CpK, i.e., Lot CpK at 1.33 (using mean 
= 100 and sigma = 3.75) is used as a benchmark and the baseline 
for working AV acceptance limits. The same baseline is also ap-
plied in this study. 

An Excel function (Equation 3) is used to compute the prob-
ability density (% frequency), when the spreadsheet in Table II 
is keyed with parameters such as n = 10, mean = 100, and 
sigma = 3.75. In Table II, within thick-line border, if the new 
AV = 6.75 (x-axis), then the chi-square variable = 4.63, and 
the cumulative probability density will be 13.44%, while the 
non-cumulative probability density will be 2.87%. 

The data in x-axis and y-axis rows, rows three and six in 
Table II, can be plotted into AV distributions as required. How-
ever, this table is only intended as an example to demonstrate 
how the method works. The actual working spreadsheet table 

Figure 2: New acceptance value (AV) distributions: Lot Mean 

and Target = 100% LC (n = 10).

Figure 3: New acceptance value (AV) distributions: Lot Mean 

and Target = 105% LC (n = 10).

Table II: New acceptance value (AV) vs. probability data (n = 10) (Microsoft Excel spreadsheet). 
ABS is the absolute function in Microsoft Excel.

A B C D E F G H I

1
Descriptions

n Mean Sigma (T-Xbar) av. Lot CpK K

2 10 100.00 3.75 0.94748 1.33 2.40

3 New AV data (x-axis) 6.00 6.25 6.50 6.75 7.00 7.25

4 Chi square variable 3.61 3.94 4.28 4.63 4.99 5.37

5 Probability density (cumulative) 6.50% 8.45% 10.76% 13.44% 16.50% 19.92%

6 Probability density (y-axis) 1.78% 2.13% 2.50% 2.87% 3.24% 3.59%

7 G2 = 0.94748 (the average of all IT-XbarI values generated from the simulation study N = 900,000)

8 H2 = MIN(115-E2,E2-85)/(3 * F2) = 1.33333

9 G3 = F3 + 0.25 = 6.75, H3 = G3+0.25, I3 = H3 + 0.25, and so on

10 G4 = (($E$2/$F$2)^2 + 1)/((1/((($D$2 - 1)/(($I$2*$E$2)^2))*((G3-$G$2/$D$2^0.5)^2)))+(1/$D$2)) = 4.63

11 G5 = CHISQ.DIST(G4,$D$2 - 1,TRUE) = 13.44%

12 G6 = ABS(H5 - F5)/2 = 2.87% (probability density at AV = 6.75)

Peer-Reviewed

http://www.pharmtech.com


Pharmaceutical Technology Europe NOVEMBER 2018    27

must be customized so that the population size (N) is large 
enough for implementation. 

In simulation studies conducted by the author, N is up to 
900,000 (6 sheets x 150,000 elements of data/sheet). More detail 
can be seen in Table I in part one in the previous study (4). The 
solid line distribution curve (theoretical) in Figure 2 (or Figure 3, 
n = 10) is the example for the implemented cases.

Construction of simulation AV distribution (n = 10)
When a simulation for sample size n = 10 is planned, the first 
step is to simulate (i.e., generate) a pool of normal data using the 
spreadsheet in Table III, where it is keyed with parameters such 
as mean = 100, sigma= 3.75, n = 10 and k = 2.4. The computed 
AV results are then rearranged in an ascending manner (from 
minimum to maximum) on a separate spreadsheet (Table IV) 
so that % frequency (probability density) is managed (i.e., 
distributed). The data in x-axis and y-axis rows, rows one and 

three in Table IV, can be plotted into AV distribution as required. 
Also note that Table III containing 90 data (N = 90) is intended 
for example only while the simulation conducted by the author 
comprises N = 900,000 (6 sheets x 150,000 data/sheet). The work-
ing spreadsheet is to be customized so that N is large enough for 
implementation. More detail can be seen in Table I of part one in 
the previous study (4). 

See also the simulated distribution curve (bar) in Figure 2 (or 
in Figure 3, n = 10, lot mean = 105% LC) as the implemented case. 
Figures 2 and 3 will provide the evidence that the simulation tests 
conducted are successful because the simulated data properly fit 
to the theoretical solid-line distributions. It also strongly suggests 
that the pdf formulae (theory) introduced in this article are valid.

Understanding the new acceptance value
All AVs discussed above are associated with those lots having 
targets and lot means at 100% LC. Another case involves lots 

Table III: Microsoft Excel spreadsheet for normal data simulation and acceptance value (AV) calculation. ABS is the 
absolute function in Microsoft Excel.

A B C D E F G H I

1 Data # Mean 100.00 Sigma 3.75 n 10 k 2.4

2 1 100.76 103.93 103.46 101.53 102.06 98.84 105.63 96.12

3 2 103.19 100.84 97.24 99.83 103.43 102.71 102.77 100.96

… … … … … … … … … …

10 9 103.72 103.77 107.05 96.16 104.06 97.25 95.63 100.59

11 10 102.75 101.24 92.45 95.16 103.77 99.74 101.27 108.42

12 Mean 101.28 100.54 99.61 99.09 101.10 101.72 98.97 100.42

13 SD 2.80 2.87 5.42 3.18 3.10 2.84 4.08 4.62

14 AV 7.13 7.07 13.14 7.92 7.78 7.36 10.13 11.22

15 ABS 1.28 0.54 0.39 0.91 1.10 1.72 1.03 0.42

16 Lot Mean 100.34 Lot SD 3.67 Lot CpK 1.33 ABS avg. 0.92200 N = 90

17 Each simulated normal data cell (B2 through I11) = NORM.INV(RAND(),$C$1,$E$1)

18 B12 = AVERAGE(B2:B11) B16 = AVERAGE(B12:I12) = 100.34

19 B13 = STDEV(B2:B11) D16 = STDEVP(B2:I11) = 3.67

20 B14 =ABS($C$1-B12)/( $G$1^0.5)+$I$1*B13 F16 = MIN(115-B16,B16-85)/(3*D16) = 1.33

21 B15 =ABS($C$1-B12) H16 = AVERAGE(B15:I15) = 0.92200

22 I16 = “N = “&COUNT(B2:I11)&”” = N = 90

Table IV: Managed acceptance value (AV) data prior to construction of AV distribution. ABS is the absolute function in 
Microsoft Excel.

A B C D E F G H I

1 New AV data (x-axis) 6.00 6.25 6.50 6.75 7.00 7.25

2 Cumulative frequency 6.50% 8.45% 10.76% 13.44% 16.50% 19.92%

3 Non-cumulative frequency (y-axis) 1.78% 2.13% 2.50% 2.87% 3.24% 3.59%

4 G2 = COUNTIF($B$14:$I$14,"<="&G1)/COUNT($B$14:$I$14) = 13.44%

5 G3 = ABS(H2-F2)/2 = 2.87%

6
Note: The cumulative and non-cumulative data (two decimals) may look the same as the theoretical values. In fact, they are different at decimal points 
three or four. In simulation studies run by the author, N = 900,000 (n = 10), so 90,000 AV data are available. 
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with a variety of means, including 100% LC (the target is still 
100% LC) where the AV limits (critical AVs) dedicated to indi-
vidual lot means can be computed and illustrated in Figure 4. 
The author has run simulation studies to obtain these values, 
using Microsoft’s Excel program (.xlsm, not .xlsx). Since one 
never knows the exact lot means, the corresponding AV limits 
cannot be specified. One way around this problem is to use the 
representative acceptance limits based on those critical AVs at lot 
mean location equal to the target of 100% LC, such as 12.67 (n = 
10), 9.21 (n = 30), and 8.04 (n = 70), as illustrated in Figure 4 where 
lot CpK is fixed at 1.33. The alternative is based on an assump-
tion that lot means and sample means are at about 100% LC 
most of the time if the target is 100% LC. Note that, according to 
statistical textbooks (7), the acceptability or tolerance constants 
(k), at 90% confidence interval and 90% coverage, for n = 10 and 
30 are 2.53 and 2.03, respectively. Using these two constants, 
the critical AV values would be 13.34 (n = 10) and 9.34 (n = 
30). When determining the formula AV = T x / n +ks, if T increases, 
x will increase accordingly, so the absolute value will remain 
nearly the same. 

If process targets other than 100% LC are planned, the 
same AV limits may be employed. For example, if a target 
of 100, 102.5, or 105% LC is required, the AV limit (n = 10) 
used is 12.67. This is confirmed by Figure 5, which illustrates 
AV distributions (n = 10 and 30) from lots with different tar-
gets (100, 102.5, and 105% LC) where the three distributions 
for each sample size are practically identical. This implies 
that AV limits established for the target of 100% LC are also 
applicable to any other targets, provided that lot standard 
deviations (SDs) are the same (3.75 in the figure). Figure 6, 
the special case of Figure 4, will fully illustrate how the AV 
limits for a target of 105% LC are proportional to those of 
100% LC (e.g., 13.30) (Figure 6) is equal to 12.67 x (105/100) 
(Figure 4). This is the case with fixed lot CpK (1.33) with dif-
ferent lot means and SDs. 

Figure 7 illustrates standard AV distributions for n = 10, 
30, 60, and 70. This implies that this particular characteristic 
still exists as it does in the AVs (4, 5, 6). Standard AV distribu-
tion may be defined as: when individual AV data are divided 
by its distribution mean, the new distributions of ‘AV/Mean’ 
ratio data—from significantly different lot CpKs (one vs. 10 
in Figure 7)—will be practically identical to each other with 
their means equal to one (1.00). 

Such a typical characteristic can be applied such that AV 
control chart constants can be established, i.e., upper and 
lower control limits (UCL and LCL) can be computed using 
such factors. For calculation example: if n = 10 (in the figure), 
the UCL factor will be 1 + 3x0.223 = 1.669 and the LCL factor 
will be 0.331. The control chart ranges using these factors 
will be more narrow (stringent) than those computed using 
the conventional principle “mean±3SD” directly from the 
original AV data (5), so results will be at least three times 
more accurate than those using the conventional approach. 
Since the factors relevant to the new AVs are nearly equal 

Figure 6: Critical new acceptance value (AV) (95% coverage) 

and content uniformity (CU) lot means (with target 105% LC) 

relationship (n = 10, 30, and 70). 

Peer-Reviewed

Figure 4: Critical new acceptance value (AV) (95% coverage) 

and content uniformity (CU) lot means (with target 100% LC) 

relationship (n = 10, 30, and 70). 

Figure 5: New acceptance value (AV) distributions for three 

different targets (100, 102.5, and 105% LC): n = 10 and 30.
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to those of the current ones (e.g., for n = 10, UCL and LCL 
factors = 1.71 and 0.29, respectively), the new chart ranges 
will also be three times better than those derived using the 
conventional approach. 

In addition to the AV charts, in-house limits may be computed 
for use in the future, i.e., UCL and LCL will become the upper 
and lower limits for the in-house specifications. 

In comparison with the current AV behavior, Figure 8 
illustrates that there is an obvious correlation between the new 
AV parameter and Lot Coverage 1 (i.e., the resulting graph shows 
a sample size-based linearity [not exactly straight line] of the 
plotted data).

Establishing the new AV acceptance criteria limits
Determination of the critical AV values at 95% coverage, as 
illustrated in Figures 2, 3, 4, and 6, is the basic approach to 
establishing the corresponding acceptance limits. Such AV 

limits are summarized in Table V. They are applied to all pro-
cesses with targets not less than 100% LC. AV and AV average 
limits must be computed following the calculation examples 
in Table V. AV average limit requirements are implemented 
when several batches produced are evaluated (e.g., in contin-
ued process verification or process validation batches). The 
successful average results show that Lot CpK is, on average, 
not less than 1.33. Table VI introduces the two-stage acceptance 
criteria for UDU using the new AV limits.

Discussion
Justification of sample mean (x) values is important and assumes 
that the natural ranges for the mean data are known. In theory, 
for sample size n the acceptance range is 15∕√n . However, the 
working ranges about the target must account for some process 
errors. For example, suppose that the following justification cri-
teria are given: 

Figure 8: Critical new acceptance values (AVs) and Lot 

Coverage 1 relationship (n = 30)

Figure 7: Standard acceptance value (AV) distributions.

Table V: New acceptance value (AV) acceptance criteria limits.

Sample sizes (n)
Acceptability 

constant (k)
AV limits (L)

AV average 

limits
Application (AV average limits)

QC data (routine batches) Cumulative QC data (routine batches)

10 2.4 12.7 14.5 9.1
Continued process verification (CPV).

30 2.0 9.2 10.0 7.5

Validation data (validation batches) Cumulative validation data (validation batches)

Sampling Plan A (≥ 70 units)
30 2.0 9.2 7.5

Process validation summary review.
70 1.87 8.0 7.0

Sampling Plan B (≥ 140 units)
60 1.89 8.2 7.1

140 1.79 7.4 6.7

Note 1: Use AV = T x / n +ks L(T /100). If n = 10 and the target is 102.5% LC, AV = 102.5 x / 10 + 2.4s 13 where the acceptance limit is 12.7 x (102.5/100) = 
13.0. Subsequently, the AV average limit is 9.1 x (102.5/100) = 9.3. 

Note 2: Meeting the AV limits will provide the information that at least 98.25% (Figure 8) of the lot will fall within 85–115% LC where the target is 100% LC. If 
the target is 102.5% LC, it implies that at least 98.25% of the lot will fall within 87.125–117.875% LC. Performing the calculation, 87.125 is 85 x (102.5/100). 

Note 3: Meeting the AV average limits will summarize that the Lot CpK, on average, is not less than 1.33, which is the conventional process benchmark for 
establishing these particular new AV acceptance criteria limits. 

Note 4: These “default” limits (99% coverage; Figure 2) may be used as quality control limits in continued process verification (CPV) batches. 
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• Individual range: ±15% about the lot mean (justification: 
“15” is commonly used, i.e., derived from 115% - 100% or 
100% - 85% [- is minus]).

• Sample mean range: ±15∕√n% about the lot mean (justifica-
tion: this criterion is in the same manner as standard error 
of the mean σ∕√n).

• Lot mean range (process error): ±1.25% about the target (justi-
fication: process error may be not more than 10% of the indi-
vidual range 15, 1.25% or 8.33% of 15 is determined adequate).

The working mean range will, therefore, be not more than 
±(15 / n +1.25) about the target, i.e., T x (15 / n +1.25). In summary 
using this particular expression, the CU working mean 

ranges for n = 10, 30, 60, 70, and 140 will be ±6, ±4, ±3.2, 
±3, and ±2.5% about the target, respectively, where the target 
may be 100%, 102.5%, 105% LC or other. See also the calcu-
lation examples regarding “T-Xbar” in Table VII. 

Using an acceptance threshold of 95 or 99% coverage 
point is statistically justified. The higher coverage value, at 
99% appears to be more practical, however. Such default lim-
its (99%), i.e., 14.5 (n = 10) and 10.0 (n = 30), can be used as 
quality control (QC) limits in initial batches such as contin-
ued process verification (CPV) batches. In routine batches 
(after successful CPV batches), the 95% coverage working 
limits, i.e., 12.7 (n = 10) and 9.2 (n = 30), can be used. 

Peer-Reviewed

Table VI: New (proposed) and current acceptance value (AV) acceptance criteria (n = 10 and 30). USP is United States Pharmacopeia.
Stage # New acceptance criteria (proposed) Current acceptance criteria

1 Assay 10 units (n = 10). Pass if AV = T x / 10 + 2.4s L(T /100) and 
T x 6.0 are met (Ln=10 is 12.7 or 14.5). 

Assay 10 units (n = 10). Pass if AV = M x + 2.4s 15 criterion is met.

2
Assay 20 additional units (n = 30). Pass if 
AV = T x / 30 + 2s L(T /100), T x 4.0, xmin 0.75T, and 
xmax 1.25T are met (Ln=30 is 9.2 or 10.0). 

Assay 20 additional units (n = 30). Pass if AV = M x + 2s 15, 
xmin 0.75M and xmax 1.25M criteria are met. 

–
T may be 100 (nominal), 102.5, or 105% LC. For other sample 
sizes, refer to Table V. 

M is determined according to USP (as earlier described). 

Application: The new acceptance criteria are applied to both Weight Variation (CU) and Content Uniformity (CU). 

Note: One of the causes of “Fail” in each stage of the new method may be identified using the expression T x (15 / n +1.25), i.e., T x 6.0 and T x 4.0 in 
stage one and two, respectively. 

Table VII: Comparison between new and current methods.
Example # New acceptance criteria (proposed) Current acceptance criteria

Example 1: both 
pass on first.

Stage 1: LML = 95, UML = 110, T = 102.5, Xbar = 102, SD = 4.6, n = 10 (M = 102)

AV = 102.5 102 / 10 + 2.4x4.6 =11.20(<13.0) AV = 102 102 + 2.4x4.6 =11.04(<15)

T-Xbar = 0.5 (< 6) Conclusion: pass. Conclusion: pass.

Example 2: fail-
fail/fail-pass.

Stage 1: LML = 90, UML = 110, T = 100, Xbar = 107, SD = 4.6, n = 10 (M = 101.5)

AV = 100 107 / 10 + 2.4x4.6 =13.25(>12.7) AV = 101.5 107 + 2.4x4.6 =16.54(>15)

T-Xbar = 7 (> 6) Conclusion: fail. Conclusion: fail.

Stage 2: LML = 90, UML = 110, T = 100, Xbar = 106.5, SD = 4.6, n = 30 (M = 101.5), minimum = 78, maximum = 118.2.

AV = 100 106.5 / 30 + 2x4.6 =10.39(> 9.2) AV = 101.5 106.5 + 2x4.6 =14.2(<15)

MnAV = 75.00, MxAV = 125.00 MnAV = 76.125, MxAV = 126.875

T-Xbar = 6.5 (> 4) Conclusion: fail. Conclusion: pass.

Example 3: both 
fail-fail.

Stage 1: LML = 90, UML = 110, T = 100, Xbar = 107, SD = 4.6, n = 10 (M = 101.5)

AV = 100 107 / 10 + 2.4x4.6 =13.25(>12.7) AV = 101.5 107 + 2.4x4.6 =16.54(>15)

T-Xbar = 7 (> 6) Conclusion: fail. Conclusion: fail.

Stage 2: LML = 90, UML = 110, T = 100, Xbar = 106.5, SD = 5.2, n = 30 (M = 101.5), minimum = 94.7, maximum = 127.1.

AV = 100 106.5 / 30 + 2x5.2 =11.59(> 9.2) AV = 101.5 106.5 + 2x5.2 =15.4(>15)

MnAV = 75.00, MxAV = 125.00 MnAV = 76.125, MxAV = 126.875

T-Xbar = 6.5 (> 4) Conclusion: fail. Conclusion: fail.

LML & UML = Lower & upper monograph limits; MnAV & MxAV = Minimum & maximum allowed values.
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After using either default limits (99%) or working limits (95%), 
the cumulative AV data must be evaluated and included in the 
annual product review (APR), and, in the future, may be com-
puted for use as in-house limits (for quality assurance) in place 
of the two limits. 

Note: The terms “default limit,” “QC limit,” or “working limit” 
are used in this study, rather than using the terms “official limit” 
or “specification limit,” because this new AV concept has not yet 
been recognized by pharmacopeia. 

Calculation examples
Using the data from the calculation examples provided on the 
USP web page (USP–NF General Chapter <905> “Uniformity 
of Dosage Units”) (1), the new and current methods are com-
pared in Table VII. Note that the new method is more discrimi-
native as demonstrated in example two, where the “T-Xbar” 
data also exceed the acceptance ranges (±6 and ±4 for n = 10 
and 30 respectively). In the table, the working formulae are 
AV = T x / 10 + 2.4s 12.7(T /100) and AV = T x / 30 + 2s 9.2(T /100). 

If default limits are employed in the table, the results will be the 
same (e.g., failure results in example two). This implies that the 
discriminative power of the 99% coverage limits is also attainable.

Another case involves actual lots of 50-mg tolperisone tablets, 
where the CU average and SD data are 93.11% and 3.68% LC, 
respectively (n = 10, target = 100% LC). The computed current 
and new AVs are 14.22 (not more than 15, i.e., pass) and 11.01 
(not more than 12.7), respectively. Although the product passes 
the new AV limit, the T-Xbar value (6.89) exceeds the limit of not 
more than 6, so it ultimately fails to pass the overall acceptance 
criteria in stage one (i.e., discrimination already occurs in stage 
one). Testing in stage two is required. 

Operating characteristic (OC) curves
Illustrated in Figure 9 is the simulated operating characteristic 
(OC) curves for probability of meeting new AV acceptance crite-
ria, with Ln=10 = 14.5 and Ln = 30 = 10.0, using validation sampling 
plan A (n ≥ 70), i.e., validation testing plan n = 30 and 70 (10,000 
simulation trials for each of probability points on T-Xbar axis). 
In the figure, the probability dedicated to sample SDs fixed at 
3% LC is demonstrated. One can see that the probability will 
gradually decrease over the increasing T-Xbar values. In other 
words, the sample means closer to the target will have the higher 
probability. Detail on the OC curves, relevant to validation sam-
pling plans A and B and their discrimination, will be discussed 
in part two of this article. 

Conclusion
The simulation test results for the new AV parameter and its 
corresponding distributions are successful (Figure 2) even for 
targets other than 100% LC (Figure 3). The concept of formula 
design (with square root of sample size n) and acceptance 
thresholds (95% and 99% coverage points) is statistically 
natural. The requirements for discrimination properties are 
also fulfilled, such as sample size-based (discriminate between 

different sample sizes, i.e., one limit for one sample size) and 
target-based (discriminate between different targets, i.e., one 
limit for each target) acceptance limits. The “T-Xbar” limit 
(i.e., T x (15 / n +1.25)) is also part of building the discriminative 
power as illustrated in Figure 9. Upon using the new accep-
tance criteria and USP data (Table VII), it is proven to be more 
discriminative than the current one. 

From a quality assurance point of view, the lifecycle ap-
proach to implementing the new AV concept through using 
AV limits (for individual batch release) together with AV 
average limits (for AV data evaluation at least in CPV) is 
recommended. 

The typical characteristic of the new AV parameter is also 
associated with what we called “standard AV distributions” 
(Figure 7) (5), where the AV chart factors can be established 
in the same way as traditional factors such as B3 and B4 in S 
charts or D3 and D4 in R charts. AV charts may be used for 
AV data trend analysis in APR. 

In short, the new method for calculating AV is natural (i.e., it 
requires no intervention into calculations), valid (i.e., has already 
been confirmed by successful simulation test results), and dis-
criminative (i.e., it offers a way to guarantee that only conforming 
batches are released into the market). The method can also be 
useful for setting trend analysis tools with regard to AV chart 
factors and AV in-house limits.
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Figure 9: Operating characteristic (OC) curves for probability of 

meeting new acceptance value (AV) acceptance criteria (n = 30 

and 70).
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The biopharmaceutical industry must begin designing and building 

a new generation of highly capable, multi-purpose manufacturing 

facilities to meet the commercial manufacturing challenges of 

supplying the next generation of small- and large-volume products, 

particularly those with short commercial lifespans. Biopharmaceutical 

manufacturing is challenged by the uncertainty risk of anticipating and 

establishing the commercial capacity to supply products, including 

those rapidly approved using an Emergency Use Authorization (EUA) 

to meet pandemic and bioterrorist threats (1). As described in Part I of 

this article (2), the manufacturing uncertainty and risk is significantly 

amplified by therapies following the US Food and Drug Administration 

(FDA) guidance on Expedited Programs for Serious Conditions (3). To 

support the adequate supply of breakthrough designated therapies, 

the biopharmaceutical industry can no longer afford to design and 

build manufacturing capacity based on each product’s process 

format and scale or in response to changing manufacturing capacity 

requirements.  

Dealing with manufacturing’s frequent presence on the critical 

path has led to many initiatives attempting to speed up the creation 

of manufacturing capacity. These efforts, however, have had minimal 

impact on the overall time required to plan, design, build, start-up, and 

validate new manufacturing capacity. Without a significant change in 

the approach, the availability of commercial manufacturing capacity 

will remain an expensive, time-consuming obstacle to launching 

and then supplying new products. The industry must have existing, 

pre-positioned, highly flexible manufacturing resources capable of 

manufacturing a wide variety of processes at scales necessary to 

supply products when they are approved. 

Current trends in designing 

commercial biopharmaceutical 

manufacturing facilities are for large 

operating cleanrooms designed 

around specific processes where 

unit operations are commingled 

for operational convenience. While 

optimum for the processes for 

which they are designed, they are 

relatively inflexible and inefficient for 

meeting the challenges described 

earlier in this article for other 

process configurations. Once 

constructed, these facilities do not 

provide the adaptability required 

for efficiently changing process 

scales, unit operation sequences, 

or segregation strategies without 

modifications to the facility’s layout 

that may significantly impact ongoing 

manufacturing of other products. 

Rather than commingling many 

process steps, an approach that 

distributes the different process 

unit operations (UOs) into logically 

operating units (LOUs), as described 

in Part I, can provide the process 

and capacity flexibility necessary to 

quickly adapt an existing layout to 

the inevitable changes in product 

demand. Products and processes will 

come and go, but a multi-purpose 

facility remains a manufacturing asset 

capable of manufacturing nearly 

any future product at the required 

scale using any process developed 

in moveable, single-use system (SUS) 

equipment. 

LOU facility design

Using the example 11-UO, four-LOU 

monoclonal antibody (mAb) process 

defined in Part I, this article briefly 

describes the layout, flows, and 

operational control systems for 

commercial-scale, multi-purpose 

facilities. The approach uses large 

numbers of segregated, multi 

functional cleanrooms that can 

Mark Witcher, PhD is a 

consultant, witchermf@aol.

com; and Harry Silver 

is senior process/facility 

designer at Harry Silver 

Designs.

Facilities using a matrix of multi-functional cleanrooms can be adapted to 

efficiently manage the capacity uncertainty of multiproduct commercial 

manufacturing.

Multi-Purpose 

Biopharmaceutical 

Manufacturing Facilities

Part II: Large-Scale Production Biopharmaceutical 

manufacturing is 

challenged by the 

uncertainty risk of 

anticipating and 

establishing the 

commercial capacity to 

supply products.
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be rapidly adapted, configured, 

integrated, operated, and when 

necessary, redeployed to quickly 

satisfy a wide variety of complex 

manufacturing requirements. The 

multi-functional layout trades some 

of operating convenience provided 

by a facility designed around a 

specific process for the much more 

important, long-term advantages 

of a facility that can be configured 

and reconfigured to a wide variety 

of different processes and scales 

necessary for increasing or 

decreasing operating capacity. 

Figure 1 shows a 23,500-ft2 

operating core described in Part I 

composed of 18 cleanroom operating 

areas arranged in three arms (A, 

B, C) with each arm containing six 

cleanrooms. Depending on the 

number of potential commercial 

products and their estimated 

manufacturing requirements, the 

facility’s initial capabilities can be 

increased substantially by increasing 

the number of arms and possibly 

increasing the number of cleanrooms 

per arm in the initial facility design. 

Additional arms can be added to 

Figure 1 at the top of the layout, 

either in the original buildout or 

as a follow-on expansion as Arms 

D and E, and if needed as Arms F 

and G, etc. The additional arms are 

supplied, operated, and controlled 

using the same systems and facility 

infrastructure as the initial design in 

Figure 1. 

For introducing a new process, 

equipment is staged in the 

equipment preparation area located 

in the lower right of the layout shown 

in Figure 1 and moved through the 

primary corridors to the designated 

operating area. Equipment no longer 

needed is removed to the layout’s 

right via the out corridors and then 

through a de-staging area. Raw 

materials and components are 

supplied to the operating areas by 

totes and carts via the primary 

corridor. Transfer of in-process 

materials in small volumes is 

achieved using totes via the primary 

corridor. For large-scale processes, a 

variety of options for in-process 

material movement are available. If 

the appropriate LOU adjacencies are 

provided, material can be transferred 

through walls, particularly in 

operating room pairs in the center of 

the arms. For non-adjacent LOUs and 

large volumes, such as for harvesting 

2000-L single-use bioreactors (SUBs) 

to a non-adjacent area, stainless-

steel tubing (with a portable clean-in-

place [CIP] system) on the utility floor 

above the operating areas can be 

used to transfer the conditioned 

media from the SUBs to the harvest 

UOs. Under normal operation, 

personnel movement is controlled 

using bidirectional flow via the 
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primary corridor. Operating problems 
can be quickly and efficiently 
remediated using procedural 
controlled access to the out corridor. 
Waste material, used components, 
and equipment are removed using 
unidirectional flow via the out 
corridor. A utility floor above the 
operating core contains the heating, 
ventilation, and air-conditioning 
systems, utility access (including 
water for injection, air, etc.), and 
access to operating areas for easily 

adding inter-room, stainless-steel 
tubing for transferring large volumes 
of media, buffers, and in-process 
materials. 

Facility control systems
The flexibility, high activity level, 
and complex material and personnel 
movement of the multi-purpose 
facility, especially for intensified 
commercial manufacturing, requires 
a comprehensive control strategy 
that assures appropriate control of 

all aspects of the facility, material, 
and process unit operations. While 
the layout provides significant 
opportunities for physical 
separation, appropriate procedures 
supported by a manufacturing 
execution system (MES) for 
controlling all people, raw material, 
waste, product, and in-process 
material flows in time and space 
must be fully implemented. Such 
procedural controls and automated 
support systems are well within 
currently available technologies 
and can be readily developed and 
implemented. 

Using the facility shown in Figure 1
and the process LOU strategy 
described in Part I, the capabilities 
of the multi-purpose layout for large-
scale commercial manufacturing can 
be demonstrated. 

Phase III: Launch to 
commercial manufacturing
The layout shown in Figure 1 is 
identical to the facility described in 
Part I for running small- and medium-
scale processes for supplying product 
for preclinical (250-L SUB) through 
product launch (2000-L SUB). To 
demonstrate the wide variety of 
options for larger-scale operation, the 
process LOU distributions in Figure 2 
will be used. 

The 2000-L SUB launch process 
might be used for supplying late-
stage Phase III clinical trials, inventory 
building, and product launch at 
the time of approval. If product 
demand is high, the process can 
be scaled out to multiple 2000-L 
SUBs or twinned 2000-L SUBs. If 
the process is properly designed 
and intensified using a high density 
and a large-volume seed train, the 
2000-L SUBs can be paired and 
multiple SUB pairs sequentially 
harvested to a suitably intensified 
single downstream process. The 

Figure 2: A single 2000-L single-use bioreactor (SUB) launch 
design for the monoclonal antibody (mAb) process is expanded 
into a 6 x 2000-L SUB configuration to support large-scale 
production.

Figure 1: Multi-purpose facility. Layout of 18 multi-functional 
cleanrooms in three arms (A, B, C) with each arm having six 
operating areas (1–6).

The multi-purpose facility 
requires a comprehensive 
control strategy … [for] all 
aspects of the facility, 
material, and process unit 
operations.
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flexibility of the multi-purpose facility 
also allows for significant media and 
buffer resources (support LOUs) to be 
added for supplying media for many 
large-scale seed and production SUBs 
along with intensified downstream 
processes requiring very large 
volumes of buffers. 

Large-scale
commercial manufacturing 
Figure 3 shows one possible 
high-capacity, commercial-scale 
configuration. To show an extreme 
scenario, the LOU distribution 
for a high-capacity commercial 
process is shown in Figure 2 as 
the final process. This process 
operates three pairs of 2000-L 
SUBs (located in areas B3, B4, and 
C3) for an effective bioreactor 
volume of 12000 L. The pairs are 
operated on a two-day staggered 
schedule, such that one pair of SUBs 
is harvested every other day to a 
single downstream train located in 
Areas C4–6. The downstream train, 
if intensified using large multi-cycle 
chromatography systems, can 
support three, 2 x 2000-L harvests 
per week. As shown in Figure 3, 
three support LOUs (one media in 
C2 and two buffer preparation and 
hold located in B5 and B6) have been 
added to support the commercial 
process. Media, buffers, and large 
volume in-process materials are 
transferred by CIP-able stainless-
steel tubing runs located on the 
utility floor above the core in 
addition to the movement of the 
other in-process materials by totes 
and inter-area connections via 
single use tubing between UOs and 
LOUs in adjacent rooms. Even while 
running a commercial-scale process, 
Areas A3 thru A6 are available for 
operating a small-scale process or a 
second purification train, if needed. 

If operated at capacity, the facility 
shown in Figure 3 would have a 
very high utilization rate and an 
annual capacity of approximately 1.5 
Mtons/year (6 grams/L, 42+weeks/
year, 50% purification yield). Yet, if 
the campaign is shortened or the 
process removed, the same facility 
without modification can be returned 
to running small- or medium-sized 
processes for other products. 

If Arms B and C are replicated 
either in the initial design or by an 
expansion at the top of Figure 3 as 
Arms D and E, the plant’s capacity 
can be further increased by an 
additional 1.5 Mtons/year. Very 
large-scale production of one or 
more products can be achieved 
by building multi-purpose facilities 
with numerous arms configured 
like Arms B and C. If sustained 
long-term demand for the product 
is established, the large-scale 
process in Arms B and C can be 
easily transferred to a similarly 
designed multi-purpose facility for 
long-term operation and the launch 
facility returned to developing new 
processes and products. 

Conclusion
Regulatory agencies continue to 
do much to expedite the approval 
of important new therapies. 
The biopharmaceutical industry 
must match these regulatory 
initiatives by creating a new class 
of manufacturing facilities capable 
of taking manufacturing off the 
critical path of launching and 
supplying products. Manufacturing 
these complex products over their 
entire lifecycle requires immediate 

access to available and qualified 
manufacturing facilities that can be 
adapted to produce a wide variety of 
products when they are needed using 
a wide range of processes. These 
facilities, using modern single-use 
systems in movable equipment 
within appropriately controlled multi-
functional cleanrooms, are capable 
of quickly adapting to overcome the 
industry’s manufacturing challenges. 
Processes and products will come 
and go, but the facility that can readily 
adapt to the different processes 
remains essentially the same. Only 
existing, operationally ready facilities 
flexible enough to manufacture 
whatever is required with minimal 
or no modifications can rapidly and 
efficiently fulfill the industry’s future 
manufacturing challenges. 
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While serialization deadlines for Europe’s Falsified Medicines 

Directive (FMD) remain a few months away, the weeks preceding 

the US Drug Supply Chain Security Act’s (DSCSA’s) November 

serialization deadline were full of new developments. In September, 

the US Food and Drug Administration (FDA) issued final guidance on 

grandfathering (1), which exempts pharmaceutical products that were 

packaged before 27 November, 2018 from serialization requirements. 

That same month, the agency also published final guidance on use 

of the National Drug Code (NDC) (2), and draft guidance in the form 

of a Q&A on product identifiers (3). FDA is requiring that the NDC be 

placed on packages, rather than embedded in GS-1’s Global Trade 

Item Number (GTIN) (4). Manufacturers that currently assign GTINs to 

product packages will now also need to include the NDC separately 

on each package.In July 2018, according to an October report (5), FDA 

issued its first DSCSA-related form 483 to the US pharmaceutical 

distributor McKesson (6) for inadequate tracing, quarantine, and 

communication systems for counterfeit products.

A progress report from GS-1

On 18 October, the standards-setting group, GS-1, released 

its status report on how well US manufacturers are handling 

serialization, based on research it conducted in May 2018, by 

scanning product barcodes at AmerisourceBergen, McKesson, and 

Cardinal Health’s distribution facilities (7). GS-1 studies in 2017 

had only involved AmerisourceBergen and McKesson. This year’s 

number fell short of the 30–40% expected, but still reached 20.7%, 

up from 6.6% in 2017. For Cardinal Health, the figure was 15.1%.

Observers say these results reflect the grandfathering policy. 

“There is no need to serialize before 

it is required,” says Julien Faury, vice 

president of operations at Adents. 

“We probably won’t see 100% 

serialization for another two to three 

years.”

The product identifier guidance 

means that manufacturers will have 

to keep the product’s NDC on the 

package, with the bar code on the 

side, says Faury, instead of only 

using the GITN with embedded NDC. 

“Manufacturers are reviewing labels, 

and some may have to reduce the 

size of their artwork,” he says.

Bob Celeste, founder of the 

Center for Supply Chain Studies, 

also sees the results as a sign of 

progress.“There are a number of 

manufacturers who are ready to go 

with serialization now, but aren’t 

doing it until they absolutely have 

[to],”he says. 

The GS-1 numbers are encouraging, 

agrees Brian Daleiden, vice-president 

of industry marketing at TraceLink. 

“They only reflect the state of product 

at point of distribution in May of 

2018, not the share of production 

which is serialization-ready,” he 

says. “Many of the manufacturers 

that we have talked with had spent 

significant time over the summer 

continuing to test lines, troubleshoot 

data issues, and validate systems, 

and there has been a significant 

amount of knowledge sharing going 

on among manufacturers, [contract 

manufacturing organizations], and 

third-party logistics providers during 

this time,” he says.

Grandfathering will provide some 

buffer for manufacturers. Initially, it 

was expected to apply at the point 

of shipping, and manufacturers were 

looking at scenarios where they 

might have to thin down supply, 

says Celeste. “Having it apply at the 

point of manufacturing will allow 

them to continue to manufacture 

product as usual, and then cut over 

to serialized lines at the end of the 

month,” he says. However, it will also 

add complexity, because there is 

an increasing realization of just how 

long hybrid inventory will exist in the 

supply chain, says Daleiden. “There 

has been a sense of growing urgency 

among wholesale distributors, retail 

pharmacy dispensers, and healthcare 

Agnes Shanley

As EU firms strive to meet central and local data-onboarding requirements, FDA 

extends a time buffer that also increases supply-chain-management complexity.

FDA Provides More  

Clarity on DSCSA
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organizations about how their opera-

tions will now need to prepare for an 

environment in which serialized, non-

serialized but grandfathered, and non-

serialized but exempt medicines will all 

co-exist for an extended period of time 

across the supply chain,” he says. On 

the product identification side, Celeste 

says FDA’s assertion of the need for the 

NDC for human-readable identifiers will 

help clarify any existing confusion. 

No more give on deadlines

One thing is certain, Celeste says, 

and there won’t be any more ‘give’ on 

US enforcement deadlines. “Moving 

enforcement dates around a lot can 

make things difficult. It’s like box cars 

on a train, after you’ve hit hard on the 

brakes,” he says.

Despite progress, challenges 

remain around data quality, data 

formatting, and artwork adjustments, 

says Daleiden, particularly when 

there is a disconnect between a 

manufacturer’s assumptions and 

plans and those of their trade 

partners in the supply chain. He 

expects these problems to get worse 

as the 2020 deadline approaches, 

because most hospitals and 

pharmacies do not have direct trade 

or communication connections with 

original manufacturers. 

“Data show that there is still 

considerable work to do in this area,” 

Daleiden says. “This suggests that 

there isn’t as much collaborative 

conversation and testing between 

manufacturers and distributors as 

there should be. The associations and 

standards organizations are trying 

to help, but the burden still seems 

to fall on one-on-one conversations 

between suppliers and partners.”

The key will be communication 

and education, says Daleiden. “If a 

manufacturer affixes a serialized 

product identifier on a pack, but it 

isn’t correctly readable by a member 

of the supply chain, it immediately 

raises all kinds of questions 

about error correction, exception 

management, and potential suspect 

product procedures,” he says. 

Manufacturers can implement their 

own supplier letters to downstream 

trading partners, informing them of 

their serialization and grandfathering 

plans, decisions on data fields like 

GTIN and expiration data, and testing 

protocols that they would like to 

execute, suggests Daleiden. 

“The grandfathering buffer will be 

critical in enabling manufacturers 

and trade partners to work out 

remaining technology and business 

process issues post-November 2018,” 

says Daleiden. In the meantime, he 

says, “The focus has to move from 

putting a barcode on a package, 

to considering the challenges of 

ensuring that someone else can 

make sense of the information in that 

barcode.” Overall, standards will be 

hugely important, he says. 

Progress in Europe

Progress in Europe has been affected 

by the fact that requirements for 

master data changed in 2018, 

requiring updates, says Faury. In 

addition, individual countries such 

as Portugal are asking companies 

to download data to national hubs, 

so manufacturers must now send 

serialization data to both the central 

hub and national hubs, he says.

At this point, Faury says, 2500 

companies are required to send data 

to the hub, but only 262 are onboard 

now, and it’s going to be challenging 

to meet the deadline established by 

the Falsified Medicines Directive, 

says Faury. “In Europe today, the 

level of serialized product is similar 

to what it is in the US at around 20% 

or 25%, but I don’t think even 5% of 

hospitals and pharmacies can handle 

serialized product,” Faury says. “But 

that’s what happens when you make 

a centralized system ready only six 

months before a deadline,” he says. 

Blockchain projects flourish

Another noticeable trend is pharma’s 

increased acceptance and interest in 

evaluating blockchain for supply chain 

traceability and other applications. 

Adents and Microsoft are working on 

three pharma blockchain initiatives 

using the Novatrak platform. They 

plan to launch a pilot program after 

FDA guidance on DSCSA pilot testing 

is finalized. In Europe in October 

2018, the contract packaging 

company Tjoapak and the data-

management specialist, Veratrak, 

launched Epoch to explore use of 

blockchain in life sciences. The 

venture will also extend development 

of a blockchain-based collaborative 

data exchange tool for product 

master data that the two companies 

are now launching at Tjoapack, says 

program manager Dexter Tjoa. The 

Center for Supply Chain Management 

is also progressing to the next stage 

of its blockchain research and pilot 

program, with more news expected 

by the end of 2018.
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Mechanistic modelling uses well-established methodologies 

that have proven success in ensuring quality, safety, and 

efficiency in industries outside of the pharmaceutical industry for 

decades. Though newer to the pharmaceutical industry, mechanistic 

models have seen increased use in R&D in recent years to increase 

the science (physics and chemistry) behind quality-by-design (QbD) 

practices, hence increasing R&D efficiency and requiring fewer 

experiments to characterize a process, independent of the number 

of critical process parameters. This approach turns data into 

knowledge that can be extrapolated to other scales and/or operating 

conditions with known confidence and enables the construction of 

probabilistic design spaces to characterize robustness.

Mechanistic process and product modelling

To date, the majority of use-cases for mechanistic models in the 

pharmaceutical industry either focus on a single or few process 

operations within drug substance or drug product manufacture, 

or they aim toward quantifying or predicting product performance 

through mechanistic in-vitro or in-vivo modelling. Some of these 

applications include flowsheet modelling, in which several 

manufacturing operation models are integrated into a single process 

model to capture interactive effects across unit operations. These 

flowsheet models typically address either drug substance or drug 

product manufacture independently, enabling mechanistic-model- 

based design of experiments, process design, and optimization.

Less common, however, is the integration of these subsystem 

models in a holistic, systems-based approach to process and 

product design. As a result of successful applications of mechanistic 

component models in R&D, this 

concept of end-to-end process and 

product modelling is gaining traction 

at several large pharmaceutical 

companies, with the aim to reduce 

the number of iterations between 

product and process design and 

accelerate development timelines 

while maintaining high product 

quality.

Once a model of an integrated 

pharmaceutical process is 

available, it can be used to 

analyze the process performance 

under nominal conditions, its 

ability to cope with “abnormal” 

conditions and disturbances (e.g., 

raw material variability), and the 

effects of changes in the operating 

policy for, and/or the design of, 

individual equipment items. From 

the mathematical point of view, 

all of these correspond to process 

simulation calculations where 

the user specifies all the process 

inputs, and the model equations are 

solved to determine all the relevant 

outputs and, in particular, the key 

performance indicators (KPIs) of the 

individual steps and of the overall 

process. 

These single-point calculations 

can answer targeted questions about 

the process design space. Does 

an operating point yield a quality 

product, provided that the sources of 

variability are well controlled? What 

is the expected value of a quality 

metric for a given set of operating 

conditions?

In reality, the operating point 

can be variable, and the sources 

of common-cause variability are 

not always negligible. As a result, 

“single-point” predictions of process 

KPIs (including critical quality 

attributes [CQAs]) computed via 

isolated process simulations are 

often of limited value. Instead, of 

more interest may be the probability 

distributions of these KPIs and also 

the manner in which uncertainty 

in process KPIs can be attributed 

to the uncertainty and variability 

of individual inputs. The key 

question then becomes: What is the 

probability of quality throughout the 

operational space of the process? 

The same mechanistic model used 

for single-point calculations can be 
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Mechanistic process and product modelling turns data 

into knowledge that can be extrapolated with known confidence.
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used to answer these questions 
through sensitivity and uncertainty 
analyses.

Risk management 
through sensitivity analysis
The concept of the design space—
defined by the International Council 
for Harmonization (ICH) Q8(R1) as 
“the multidimensional combination 
and interaction of input variables 
(e.g., material attributes) and 
process parameters that have been 
demonstrated to provide assurance 
of quality” (1)—is central to current 
thinking regarding the degree of 
flexibility afforded to pharmaceutical 
process operation within a 
regulatory framework. In principle, 
process simulation could be used to 
determine whether a given operating 
point falls within the design space. 
Such a single-point calculation, 
however, may be unreliable in view 
of the uncertainties mentioned 
previously; in reality, one can only 
determine the probability that a 

particular point is within the design 
space. Moreover, establishing the 
shape and size of the entire design 
space of any non-trivial process 
using isolated process simulations 

is impractical, and one may need 
to resort to more complex types of 
calculations.

The use of calibrated mechanistic 
models enables a step change 

Figure 1: Global sensitivity and uncertainty analysis 
methodology wherein a mechanistic model describes a 
system of interest, and the key performance indicators (KPIs) 
are quantified as probabilistic distributions based on the 
multivariate combination of design/operational decisions, 
sources of common cause variability, and model uncertainty.
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improvement in risk assessment 

and mitigation at the heart of 

QbD. Through performing virtual 

designs of experiments (DoEs) with 

mechanistic models, one can assess 

the individual and combined effects 

of 10–20 factors, as opposed to 

the three to four factors typically 

seen in physical DoEs. As shown in 

Figure 1, a global analysis can be 

used to quantify and predict the 

combined effects of uncertainty and 

variability in process, product, and 

patient parameters on probability 

distributions of risk-related CQAs. By 

globally assessing uncertainty and 

variability, risk-mitigation strategies 

can be designed to target and 

reduce the highest-impact sources 

of variability. 

Another dimension of complexity 

is added by the uncertainty that 

is inherent both in some process 

inputs (e.g., levels of raw material 

impurities) and in the underlying 

processing step models. Formal 

mathematical techniques can 

be used to perform elementary 

effects analysis and identify which 

of the input factors have a non-

negligible effect on at least one 

of the output responses in order 

to eliminate unimportant factors 

from further consideration at an 

early stage. Uncertainty analysis is 

next performed to determine the 

probability distribution of output 

responses in order to quantify 

the impact of uncertainty and 

variability. If the resulting probability 

distribution of the output response 

is unacceptable, then a model-based 

global sensitivity analysis (GSA) can 

be performed to compute global 

sensitivity indices of each response 

Figure 2: An integrated model in gPROMS FormulatedProducts  (Process Systems Enterprise) of 

a roller compaction and tableting process with in-vitro dissolution testing (top), design space 

characterization with respect to a change in grade of excipient (bottom) (3).
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with respect to each factor and 

apportion variability of outputs to 

that of inputs, thus enabling targeted 

risk-management actions.

Early adopters

Though the approach is novel, 

several early adopters have 

successfully demonstrated design-

space characterization through 

sensitivity analysis of integrated 

mechanistic process and product 

performance models.

Gavin Reynolds (AstraZeneca) 

performed design-space 

characterization and risk analysis 

on a dry granulation and tabletting 

process, as shown in Figure 2 (2,3). 

In this study, the product CQAs 

included dissolution behaviour and 

tablet hardness, and the material 

flowability during processing was 

considered as an additional design 

constraint. Through the flowsheet 

model, the effects of the roller 

compaction process parameters 

(roll force and gap width), milling 

screen size, number of blender 

revolutions, and tablet compaction 

force were explored, along with the 

roller compactor’s side-seal leakage, 

which is a source of common cause 

variability. A sensitivity analysis 

was performed to identify the 

multivariate design space within 

which the product quality and 

manufacturability targets were met. 

Further, Reynolds evaluated the 

risk associated with changing to a 

different lubricant grade, overlaying 

the resulting design spaces for the 

two lubricant grades to identify the 

operational area of lowest risk.

A second example of early 

adoption is found in the work 

presented by Marta Moreno-Benito 

(Pfizer), et. al. (4). Moreno-Benito 

developed an end-to-end model 

from drug substance manufacture 

to drug product manufacture and 

finally in-vitro performance testing. 

The key objectives of the work were 

to predict the impact of design 

decisions on quality attributes of 

the product and to quantitatively 

identify the design space around 

the process, using GSA to analyze 

the system holistically. Results 

showed that API crystal size, driven 

mainly by the API milling process 

parameters, largely influenced the 

dissolution behaviour despite the 

many processing steps in between 

milling and dissolution testing.

Future perspectives

While mechanistic modelling 

has already taken hold in the 

pharmaceutical industry, the 

next phase of adoption will be 

driven toward holistic, integrated 

approaches to achieve product 

quality and minimize risk through 

probabilistic input and output 

spaces across the drug manufacture 

process. The adoption of these tools 

will rely on building confidence in 

the mechanistic models and the 

tools used for their analysis, along 

with the development of the skillsets 

to use them effectively. The early 

use cases of this methodology 

are promising and demonstrate a 

changing mindset in the approaches 

for design space characterization 

and risk assessment.
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Q. We are a well-established pharmaceutical company, and part 

of our procurement process requires us to prepare a ‘spec 

sheet’ (i.e., a document listing our requirements for either the 

service or the equipment we want to acquire). That has served 

its purpose well; however, we are finding it difficult to use when 

purchasing automated systems or software products. As we 

often have very little expertise or understanding of the software 

component, we struggle to write sensible specifications. We are 

tempted to simply accept the vendors’ system descriptions. Do you 

have any advice for us as to how we can overcome this challenge?

A.Your situation is not unusual, and the reason, as you already 

mentioned, often is a certain lack of expertise with software 

products. Whereas there is a lot of process and product expertise 

in companies, including processing equipment, the same cannot 

be said for automation. Let us first look at the parties/departments 

involved in preparing spec sheets for equipment. This will 

involve the operations group (e.g., manufacturing department, 

laboratories, utilities group), engineering, procurement, and 

the quality unit. When it comes to automated systems or pure 

software applications, the information technology (IT) department 

must be involved too. The IT terminology and the engineering 

and operations terminology are not necessarily the same or 

aligned, which can make communication more difficult, not only 

internally, but also with the suppliers. For example, what you refer 

to as a ‘spec sheet’ is a user requirements specification (URS) in 

computerized systems terms. The issue is further complicated 

as we as humans are used to being able to touch, smell, or hear 

equipment, none of which applies to software. 

Can you simply adopt or accept the supplier’s description of the 

system or software, or do you need to prepare this yourself? The 

answer is that even if you were to accept the vendor’s description 

without any change, you still must confirm this in writing. In other 

words, the vendor’s description becomes your URS (aka spec 

sheet). With that, you also become responsible for the URS to be 

compliant with the applicable regulations.

In a few cases, you may be at the mercy of the supplier with 

regard to functionality and performance, but mostly you will have 

a choice. For example, if you are looking for software to support 

a quality management system, there are systems available that 

offer you everything you may wish for. But, you may only want to 

use certain functionalities (e.g., workflow) and specific modules 

(e.g., deviations and complaints management modules, but not the 

change management module). In this case, it would be wrong to 

merely copy/paste the full system description by the vendor into 

your URS; instead the URS has to be specific to your needs (i.e., 

requirements).

In computerized systems validation (CSV) terms, the URS 

forms the basis for user acceptance testing (also referred to as 

performance qualification). This is where it becomes essential that 

the URS is compliant with the regulations. To give an unacceptable 

example would be to write in the URS: ‘the screen refresh must be 

fast.’ This cannot be tested as it is a wholly ambiguous requirement. 

Another example would be to require ‘an easy-to-read screen.’ 

But how do you describe this in testable terms if you are not the 

software expert? This is where your IT team will have to support 

you and provide appropriate language. For example, they could 

suggest a refresh rate of 100 milliseconds or recommend a certain 

screen display quality that will meet your needs.

Despite its age, one of the best guidance documents for writing 

a URS is the US Food and Drug Administration’s (FDA’s) General 

Principles of Software Validation; Final Guidance for Industry 

and FDA Staff from January 2002 (1). Other agency guidance 

documents and industry best practices are available online (e.g., 

European Directorate for the Quality of Medicines [EDQM] [2], the 

European Union [3], or GAMP [4], to name but a few). As the use of 

automated systems will surely increase in the future, it is sensible 

to build up relevant expertise in-house, so that in future you will 

be as comfortable writing spec sheets for a mechanical system as 

for a piece of software. 
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User Requirements 

Specifications–

How Difficult Can It Be?

Building up relevant expertise in-house will make writing spec sheets for 

software easier, according to Siegfried Schmitt, principal consultant at PAREXEL. 
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