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PRODUCT SPOTLIGHT

Tabletop Pill Counter 
Automatically Counts and 
Fills Solid Oral-Dose Products
The Pharmafill TC4 Tabletop electronic 

tablet counter from Deitz Co. automati-

cally counts pills, tablets, capsules, softgels, 

caplets, lozenges, and other solid oral-dose 

products and fills them into bottles. The 

Pharmafill TC4 counts translucent, trans-

parent, and opaque solid oral-dose products 

at up to 2000 per minute. The Tabletop 

TC4 is a computer-controlled operation, and measures 34 inches 

across, 21 inches deep, and 30 inches in height. The TC4 entry 

level counter includes an air guide system that automatically 

separates and aligns the pills on a single layer, a vibratory hopper 

feeder that automatically regulates the flow of tablets into the 

counter, and an optional smart bottle sensing system that automati-

cally stops operation in the event of a problem with the bottle.

Deitz

www.deitzco.com

Intelligent Stand 
for Pipette 
Management
The Rainin SmartStand from Mettler Toledo includes four pipette 

holders. The stand includes an LCD screen that displays its 

status in a clear visual language: green is good, yellow indicates 

that service is required soon, and red signals that the pipette is 

beyond its service or calibration date. A more detailed view of the 

pipette’s service and asset record can be viewed when the pipette 

is removed from the stand. Each Rainin SmartStand holds up to 

four manual or electronic Rainin XLS pipettes and automatically 

charges electronic pipettes when they are placed on the stand.

The included EasyDirect Pipette Asset Management software 

is a flexible, scalable Windows-based pipette asset management 

tool that can connect to multiple SmartStands simultaneously 

via Bluetooth. When a pipette is serviced or calibrated, users 

place the pipettes on a SmartStand to transfer new service data 

from their radio-frequency identification chips into EasyDirect. 

EasyDirect maintains a profile with 11 customizable fields for each 

pipette, so lab managers can assign unique information, such 

as the user and lab, applications and ID/inventory number, to a 

pipette and record it to its RFID chip. EasyDirect can also help users 

find pipettes by identifying which SmartStand they’re hanging on. 

EasyDirect graphically indicates which pipettes are due for service, 

making them instantly recognizable. By capturing usage data 

through the SmartStand, EasyDirect helps lab managers reduce 

asset costs and eliminate pipettes that are no longer in use.

Mettler Toledo

www.mt.com

Loading Bench for 
Cold-Chain Management
The OCEASOFT Loading 

Bench is an innovation 

for cold-chain monitoring 

management for transpor-

tation and high-volume 

shipment. The bench 

programs temperature 

datalogger missions with 

sensor reading intervals 

and alarm limits. The 

bench also performs a series of tests to verify hardware and bat-

tery level on dataloggers. The tool offers the ability to set how and 

when temperature monitoring begins, at a specific temperature, 

date or time, or manually. The loading bench includes an applica-

tion for configuring missions and storing templates. The bench also 

transfers each datalogger’s configuration information to the cloud 

automatically. The loading bench will be available in Q2 2017.

OCEASOFT

www.oceasoft.com

Mixers for 
Blending Applications

Ross, Charles & Son offers a 

variety of mixers for mixing 

and blending applications. The 

dual-shaft mixers (pictured) are 

suitable for mixing 50-, 100-, 

and 200-gallon batches and are 

equipped with two independ-

ently-driven, variable-speed 

agitators, and a high-speed 

disperser and a two-wing anchor. Both agitators provide adjust-

able shear and efficient turnover of low- to high-viscosity materials 

including pastes, gels, suspensions, slurries, and fine dispersions 

up to several hundred thousand centipoise. The mixers come 

standard with an air/oil hydraulic lift, vacuum capability, jacketed 

mix vessel, stainless steel wetted parts, and inverter-duty motors.

The company also offers a Portable High Shear Mixing System 

designed for powder dispersion into liquid, emulsification, and 

homogenization in a closed, temperature controlled vessel. The 200-L 

mixing system featuring stainless steel 316L wetted parts, sight/

charge ports, ASME dimpled jacket rated for 85 psig, chloride-free 

insulation with stainless steel sheathing, high accuracy weighing 

scale, and NEMA 4X gas-purged controls. The mixer is mounted 

on the cover in a vapour-tight sealing arrangement. Its four-blade 

rotor runs up to 3600 rpm within a close tolerance slotted stator, 

delivering mechanical and hydraulic shear. The mixer is driven by 

a 5 HP stainless steel wash-down duty explosion-proof motor.

Ross, Charles & Son

www.mixers.com
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Efforts to gain greater uniformity in the implementation of 

pharmaceuticals regulations across the European Union are 

making progress, but it is a slow process. The achievement 

of more harmonization has not been helped by the rising 

scepticism among the European electorate about the need for 

more EU integration. Soon the EU’s 28 member states will be 

reduced to 27 because of the United Kingdom’s vote, in June

2016, to leave the Union altogether. 

Simplifying EU regulations

The continued fragmentation of the EU medicines market was a 

prominent issue at the annual regulatory affairs conference 

held in London in late January 2017 by the Medicines for Europe, 

previously the European Generic and Biosimilar medicines 

Association (EGA). The association issued a report (1) in 2015 

with proposals for increasing regulatory efficiency in the EU to 

help bring more generic medicines to European patients more 

quickly. Among its suggestions was a simplification of the EU’s 

regulatory system by removing duplication and creating a better 

balance between regulatory objectives and the administrative 

burden on pharmaceutical companies. It also urged better 

use of regulatory resources, quicker and more predictable 

outcomes of regulatory assessments, and more flexibility. 

“Over the past year there has been a lot of small 

improvements, but they have mostly been tiny,” Caroline 

Kleinjan, chair of Medicines for Europe’s regulatory and 

scientific affairs committee, told Pharmaceutical Technology 

Europe. “Now we’re looking for some big steps forward. These 

[steps] may not be made this year but perhaps we’ll make some 

progress towards achieving them.”

Some major advances in pharmaceuticals regulations 

would have to be gained through new EU legislation, which EU 

leaders tend to want to avoid in the current political climate. 

“A lot can be done within existing regulations,” said Andrzej 

Rys, health systems, medical products and innovation director, 

directorate for health and food safety, European Commission, 

at the meeting. 

In the face of claims by some conference participants that a 

few member states were taking as long as two years to grant 

marketing or other approvals for products, regulatory officials 

argued that much progress had been made in reducing such 

delays. “Only two states have been holding back approvals that 

long,” said Peter Bachmann, chair of the Co-ordination Group for 

Mutual Recognition and Decentralized Procedures (CMDh). “It 

could have been far worse,” he added.

However, in a number of emerging areas of importance in 

pharmaceuticals—such as pharmacovigilance, serialization of 

medicine packs, and quality controls in bioequivalence testing—

there are pieces of legislation that have not yet been fully 

implemented or guidelines that have yet to be finalized. The 

prospect is of more new rules coming into effect, which could 

be enforced differently by individual member states.

Regulatory Optimization Group

The pharmaceutical industry in Europe is watching carefully 

the activities of the Regulatory Optimization Group (ROG), 

which was founded in 2016 by the Heads of Medicines 

Agencies (HMA), representing the leaders of the national agen-

cies running the EU’s decentralized system for the approval and 

control of medicines. The CMDh is run through the HMA. The 

objectives of the new organization, consisting mainly of agency 

representatives, are to eliminate any unnecessary national 

requirements for the control of medicines, taking away legal 

obstacles, and above all, to establish IT technology platforms to

meet legislative and operational needs of the EU’s network of 

medicines agencies.

“A lot of hopes are being pinned on the creation of ROG,” 

said Kleinjan. “It will have to show us over the next few years 

how it is going to move things forward. If it doesn’t, the whole 

exercise is going to be difficult.”

Hugo Hurts, executive director, Medicines Evaluation Board 

(MEB), Netherlands, commented that “we are hoping that the 

setting up of ROG will stimulate change once its members 

agree on what actions to take.”

Some of the issues that the ROG appears to be wanting to 

tackle are among the current priorities of Medicines for Europe. 

Kleinjan told the conference that the organization wanted 

action on reducing duplication, removing national regulatory 

barriers, more integration of databases, and improvements in 

the EU-wide IT infrastructure for medicines.

With variations to approved market authorization dossiers, 

some headway had been made in using, as a source of 

information on minor variations, a central database set up under 

the EU’s pharmacovigilance legislation on all medicines on the 

European market. Updated information on the database, run by 

the European Medicines Agency (EMA) responsible for the EU’s 

centralized licensing system, would be accepted by the regulators 

as equivalent to a notification for minor do-and-tell variations. 

Centralizing submission process for generic drugs

There have also been moves toward the simplification of 

procedures for marketing and other approval applications by 

centralizing the submissions process for generic drugs and 

allowing EU-wide single assessments of active substances 

EU Strives for Regulatory Efficiency
Efforts to harmonize the fragmented regulatory framework 

for pharmaceuticals in the European Union continue to be a challenge. 
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(SAAS). Work has started on phase one of the Common 

European Single Submission Portal (CESSP), which is due to be 

introduced in early 2018 based on a standardized data system 

for new marketing authorization and extension applications. 

Later phases will aim to standardize the content of the applica-

tions so that their datasets can be reused.

“CESSP is an excellent example of how to bring things 

together,” Georg Neuwirther, head of IT, Austrian Medicines 

and Medical Devices Agency (AGES), told the conference. The 

SAAS project is being handled through the HMA working group 

on the Active Substance Master File (ASMF) with the objective 

that active substances would be assessed separately from 

finished medicines. “The substance standards have been almost 

finalized,” said Constant van Belkum, MEB deputy director. 

Additional responsibilities with APIs

APIs are an example of one major area in which extensions 

of the regulatory obligations of pharmaceutical producers 

are adding to their administrative burdens. Progress in easing 

workloads by streamlining the procedures for API and other 

assessments is being offset by the extra requirements linked 

to new rules.

Marketing authorization holders (MAHs) are now, for 

example, obliged to monitor more closely their API supply 

chains through to the production and distribution of starting 

materials and sites for testing products and processes. These 

extra responsibilities are resulting in more information having 

to be collected and included in marketing authorization 

applications and in more variation notifications and approvals 

and other product lifecycle requirements. 

Between 2010 and 2014, the average number of variations 

per marketing authorization increased by 45% to 2.9, Koen 

Nauwelaerts, quality and regulatory affairs manager, 

Medicines for Europe, told the meeting. “The addition of 

extra API sites to be monitored will increase the numbers of 

variations by two to three times to over 400,000,” he added. 

“This sort of increase is contrary to the EU’s objectives [on 

regulatory efficiencies].”

Third-party audits

The additional responsibilities with APIs have also been raising 

other problems for drug companies. One of these is the con-

troversial issue of conflicts of interest stemming from the 

necessity for third-party audits to be carried out to check 

standards down the supply chain. MAHs organize audits of 

the API producers while the active substance manufacturers 

arrange the auditing of their starting material suppliers.

Some regulators in Europe have decided that supplying APIs 

and their intermediates creates a commercial relationship with 

their purchasers and vice versa, which results in a conflict of 

interests when third-party audits are being carried out. Others 

have concluded that despite the commercial relationship, the 

auditing does not constitute a conflict of interests while others 

are taking a case-by-case approach. The pharmaceutical 

industry has urged the EU authorities to clarify the matter, but 

even that might not be enough.

“The CMDh decided at one of its meetings that a business 

relationship does not in the case of audits constitute a 

conflict of interests,” Nauwelaerts told Pharmaceutical 

Technology Europe at the conference. “Yet some agencies 

are not taking any notice of this decision and are continuing 

to claim that business relationships do amount to a conflict of 

interest with audits.”

Data standards

There have also been proposals that GMP-type standards 

should be applied to other areas of pharmaceuticals quality 

control such as the way good clinical practice (GCP) criteria 

are used in bioequivalence testing of generic drugs. This 

could result in another new set of stricter rules that will 

have to be complied with. Susana Almeida, co-chair of the 

bioequivalence working group at Medicines for Europe, 

pointed out to the conference that while the results of GMP 

inspections are published and compliance certificates issued, 

results of GCP inspections are not, nor are compliance 

certificates issued. Following breaches in recent years of data 

requirements for bioequivalence tests, hundreds of marketing 

authorizations in Europe have been suspended. But a large 

proportion of the authorizations were found to be inactive, 

she said.

The discovery of rising numbers of violations of data integrity 

rules among API and other pharmaceutical producers has 

prompted several agencies, including EMA, the US Food and 

Drug Administration, and the World Health Organization, to 

issue guidelines on data standards. Ignacio Moreno, EU team 

leader for corporate quality audits at Apotex Inc., highlighted 

at the conference the difficulty of dealing with a lack of quality 

culture at pharmaceutical manufacturers, which usually is 

identified as the root cause of the problem. Quality culture 

was virtually impossible for inspectors or auditors to measure 

objectively while data on the subject was open to different 

interpretations.

In an era of almost infinite amounts of data, the challenge 

for regulators and industry will be to find ways of ensuring the 

data are applied and also interpreted consistently.

Reference

1. European Generic and Biosimilar Medicines Association (now called Medicines 

for Europe), Regulatory Efficiency Report 2015 (Brussels, 2015). PTE
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The bio/pharmaceutical industry is still buzzing about 

US President Trump’s meeting with pharmaceutical 

executives on 31 Jan. 2017 (1). While promising the 

industry lower taxes and less regulation, the President 

emphasized that those benefits will come only if 

the industry lowers drug prices and moves more 

manufacturing back to the United States.

The President’s insistence that manufacturing 

move back to the US set off a wave of promises from 

the bio/pharmaceutical industry about the number 

of jobs that might be created, including a projection 

by the head of the industry trade association PhRMA 

that the industry would create 350,000 jobs during 

the next 10 years if the tax and regulatory changes 

were enacted. At the same time, it triggered some 

excitement about the opportunities that might await the 

contract manufacturing industry in the US if bio/pharma 

companies chose to outsource the manufacturing of 

products moved back from offshore sites. 

Certain segments of the contract manufacturing 

organization (CMO) industry have in fact been very 

US-focused. PharmSource research has shown that of 

the 99 new drug applications (NDAs) and biologic license 

applications (BLAs) approved by the US Food and Drug 

Administration (FDA) in 2016, the drug product for 40 (40%) 

was manufactured exclusively in a facility owned by the 

sponsor or the sponsor’s partner while 59 had the drug 

product manufactured by a CMO as either the primary 

or secondary source. Of the products manufactured at a 

CMO, 52% of the manufacturing sites were in the US, but 

only 20% of the captive sites were in the US (see Figure 1). 

The picture for APIs was not quite as favourable for 

the CMOs. Of the 40 small-molecule NDA approvals that 

use an identifiable CMO to manufacture the API, only 

9 (24%) are made at US manufacturing sites; European 

API manufacturers account for 70%, a reflection of 

the traditional dominance of European fine chemical 

manufacturers. Still, the nine made in the US is still 

three times the number made in sponsor-owned API 

manufacturing sites located in the US. Most in-house 

small molecule API manufacturing was also concentrated 

at European manufacturing sites. The three outsourced 

biologic APIs (out of 15 total approved biologics) in 2016 

were all made in US facilities.

Moving pharma  
manufacturing is complicated
Leaving aside the fact that bio/pharmaceutical 

manufacturing has never really left the US, the realities 

of the current bio/pharmaceutical manufacturing 

environment make the prospects for wholesale 

movement of drug manufacturing a long-term 

proposition, for the following reasons: 

t� Capacity for manufacturing innovative drugs is tight 

across the industry, especially for APIs, both small 

molecule and biologic, regardless of the location of 

that capacity. Capacity at CMOs is especially tight for 

anything but immediate release solid-dose products.

t� While global bio/pharma companies have spent more 

than US$50 billion in just the past five years on new 

plant and equipment, much of that new capacity has 

been built in tax-favoured locations such as Ireland 

and Singapore, and in emerging markets. Only about a 

quarter of the projects have been in the US. There just 

aren’t many US manufacturing facilities that products 

could be transferred into from offshore. The facilities 

that are for sale are old and ill-suited for modern 

products like biologics.

t� It takes nearly four years to design, build, and qualify a 

greenfield manufacturing facility. Large-scale biologics 

facilities can cost US$1–2 billion. It will take time 

to make and implement the decisions to build the 

necessary new capacity.

t� Lead times for ordering/receiving key equipment 

such as filling lines for injectables are approximately 

18 months these days. It takes at least another year 

to install and qualify it. So even expanding a current 

facility is likely to be a three-year proposition.

t� CMOs don’t have a lot of spare capacity and don’t 

have the cash to invest in massive capacity increases 

themselves. Patheon’s recent acquisition of Roche’s 

small-molecule API facility in Florence, SC, was 

attractive because it was inexpensive and because 

the facility had lots of unused capacity. Much of the 

ongoing capacity expansion in the CMO industry is 

customer-funded.

t� It can take up to two years to transfer a single product 

to a new manufacturing site (process transfer and 

scale-up, validation, stability protocols, regulatory 

filings, etc.). To move multiple products at one time 

will take armies of technical, quality, and regulatory 

staff. Even if enough people with the right skills were 

available, the time and cost of hiring all those people 

would be prohibitive.

Even if these challenges could be addressed in a timely 

and cost-effective way, increasing the US share of bio/

pharma manufacturing is not likely to yield the benefits 

that the administration might be hoping for, especially 

Will Pharma Manufacturing 
Move Back to the United States?
Moving global manufacturing operations may be more complicated than it appears.

OUTSOURCING REVIEW
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if it is demanding lower drug prices at 

the same time. For one thing, any new 

capacity that is built will likely involve 

the latest, most efficient technologies, 

including continuous manufacturing, 

process analytical technology, and 

single-use contact parts, so fewer 

jobs would be created. Further, the 

new facilities would be designed to 

maximize the use of labour-saving 

automation and intelligent systems.

A global market
Finally, it should be remembered that 

many global bio/pharma companies 

are headquartered outside the US, 

notably in Europe and Japan, and will 

be under their own domestic pressure 

to keep manufacturing in-house. 

America-first manufacturing policies 

are likely to invite retaliation from 

other countries, which will blunt the 

job-creating impact.

Realistically, moving bio/pharma 

manufacturing back to the US in a 

meaningful way will be a 7–10-year 

process and is unlikely to deliver a big 

increase in manufacturing jobs. The 

bio/pharma industry may find it more 

expedient to just find ways to put 

some window dressing on the issue 

while waiting out the President’s term 

in office.

Reference
1. R. Hernandez, “President Trump 

Meets With Pharma Manufacturers,” 

PharmTech.com, 31 Jan. 2017, www.

pharmtech.com/president-trump-

meets-pharma-manufacturers-0 PTE
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In any industry, manufacturing or operational 

excellence can be thought of as efficiency, 

productivity, and reliability, with minimized downtime 

and few product failures. But excellence is an ever-

moving target. “Manufacturing excellence is not just 

the best way to do it today, but continually improving 

to the next level,” suggests Hal Baseman, chief 

operating officer at ValSource LLC.

In the pharmaceutical industry, manufacturing 

excellence also encompasses the need to serve 

patients by providing safe and effective medicines 

without an interruption in supply. Regulatory quality 

requirements—current good manufacturing practices 

(cGMPs) and product testing, for example—are designed 

to ensure safety and efficacy, but opinions vary as to 

whether compliance necessarily leads to excellence. 

“Compliance is important, but it is not where a firm 

should focus the majority of its resources and efforts. 

The bio, pharmaceutical, and medical device industries 

must transform to embrace quality beyond compliance,” 

advises Martin Van Trieste, chairman of the board at the 

Parenteral Drug Association (PDA). 

Some have the misconception that profitability 

and quality are mutually exclusive; compliance is 

costly, and quality is just too costly. In reality, “quality 

processes are more profitable. They are more reliable 

and error free. Yields are higher, rejects and defects 

lower,” says Baseman. Proponents of operational 

excellence in pharma hope that the industry will move 

from a compliance to a quality culture. 

Elements of excellence
What is needed to achieve manufacturing excellence? 

To perform at six sigma quality levels, says Van 

Trieste, a manufacturer must:

t� Understand and characterize its raw materials, 

manufacturing processes, and products

t� Be fully engaged in identifying, monitoring, and 

controlling variation 

t� Have systems and processes in place that ensure 

flawless execution during manufacturing 

t� Deliver products in a robust and reliable supply chain. 

Robust process design, highly qualified personnel, 

a reliable supply chain with second sources identified 

for critical components, and well maintained, reliable 

equipment, are all crucial, adds Sue Schniepp, 

distinguished fellow at Regulatory Compliance 

Associates. “In addition, there must be a functioning 

quality system underlying the entire process that is 

proactive in identifying issues and risks to the supply 

chain by using metrics and information that inform 

the company of potential problems,” she says. The 

three metrics proposed in the US Food and Drug 

Administration’s (FDA) November 2016 guidance (lot 

acceptance rate, product quality complaint rate, and 

invalidated out-of-specification rate) (1) are three 

basic measures, but companies also need to develop 

and use their own metrics beyond FDA’s programme.  

Traditional quality measures in pharma focus 

on product measures or end results, but “smart” 

devices and equipment provide more data about the 

equipment during the process that can be analyzed. 

“Automation, data collection, and data handling are 

part of the informatics movement that is one of the 

fastest growing areas in manufacturing. Compared 

to other industries, pharma is well behind the curve 

in this respect and it represents a huge improvement 

opportunity for the entire industry,” suggests Marc 

Bonner, senior director of operations at Mayne 

Pharma USA.

Jennifer Markarian
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Innovating for  
Manufacturing 
Excellence
Moving to the next level of productive, 

reliable performance in bio/pharmaceutical 

manufacturing requires a willingness  

to make changes and create a quality culture.
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Manufacturing Excellence

Automation and process analytical 

technology (PAT) help to reduce 

human error and support data-

based decision making, adds Frank 

Generotzky, plant manager for Baxter 

BioPharma Solutions’ Halle, Germany 

facility. “These are helpful tools to 

handle and statistically evaluate 

data to identify process variations 

in a timely manner. Quick decisions 

for optimization can be made based 

on technical/scientific data leading 

to an environment of continuous 

improvement.” 

Achieving manufacturing 

excellence requires process 

understanding, risk-based thinking 

and decision making, science, and 

common sense, adds Baseman. “The 

bio/pharma industry tends to focus 

too much on what we think regulators 

want to see, rather than what we 

actually need to do to improve the 

process.”

Practical steps for improving   
One of the first steps in moving 

toward excellence is the willingness 

to look for areas that need 

improvement and the courage to 

make changes, whether that means 

better use of existing technologies or 

using new technologies or systems 

that can bring a process’ performance 

to the next level. 

Often operators and staff have 

many ideas for what could be 

improved. Leaders must prioritize 

where to start. “My advice is to 

start with a project that is creating 

the most pain for operators in 

manufacturing and make significant 

improvements quickly,” recommends 

Van Trieste, who points out that this 

action is a good way to gain needed 

support from the plant floor. “Success 

breeds success. Only take on new 

projects that can be accomplished 

with the existing resources, and only 

start another project after one has 

successfully completed,” he suggests.   

Different approaches. Continuous 

manufacturing and PAT, for instance, 

create opportunities for improving 

process efficiency and productivity. 

The focus on improved process 

understanding that comes with 

implementing these technologies is 

likely a significant driver for process 

improvements, says Thomas Friedli, 

professor of management at the 

University of St. Gallen’s Institute 

of Technology Management, who 

has been studying pharmaceutical 

manufacturing practices since 

2004. Data indicate that the most 

successful companies “have a higher 

focus on true root cause analysis and 

also have more PAT implementation,” 

he says. 

“Embracing new technology often 

requires new and different ways 

of thinking,” notes Baseman. “For 

example, continuous manufacturing 

is a great way to increase process 

efficiency, but existing strategies 

for batch control, validation, and 

testing don’t always align well 

with it. People have to get past the 

concerns over batch definitions and 

traditional means to test and monitor 

processes.” A tendency to focus and 

rely on testing and monitoring rather 

than process improvement can hinder 

change. “The pharma industry is 

good at collecting data, testing, and 

monitoring, but needs to be better 

at listening to what that data tells 

them,” says Baseman.

Aging facilities. The regulatory 

burden of post-approval changes 

for existing processes is a real 

concern, but this barrier must be 

overcome to achieve excellence. 

While PDA’s new Post Approval 

Change Innovation for Access to 

Medicines (PAC iAM) taskforce is 

working to create awareness and 

find broader industry solutions to 

this challenge (2), companies are 

finding ways to improve their facilities 

where the benefits outweigh the 

costs and risks (3). Modernizing aging 

manufacturing facilities requires 

long-term benefit analysis. “It is often 

a matter of progressive process 

improvement. One step may result in 

only a 10% increase in productivity 

by modernizing, but that step will set 

you up for another 10% improvement 

when you make the next change, and 

so on,” suggests Baseman. 

Reluctance to upgrade 

manufacturing equipment and 

facilities is a barrier to excellence. 

“Older equipment can be unreliable 

and hard to maintain, resulting 

in unforeseen downtime,” notes 

Schniepp. Another problem is older 

products that are not up to today’s 

standards. “Many of these products 

were developed with different 

standards than those required for 

new products. The transitioning to 

today’s standards can be a time-

consuming process and could 

potentially result in supply chain 

interruptions. If the industry can 

work with regulatory authorities 

in determining a path forward to 

updating these products, then this 

obstacle could be overcome,” she 

suggests.

Continuous  
improvement programmes
Various methods are available to 

help manufacturers improve quality 

and set up continuous improvement 

programmes, including Six Sigma, 

Kaizen, lean manufacturing, and 

operational equipment effectiveness 

(OEE), and many companies use 

pieces of these depending on the 

problems that need to be solved. 

“I see more companies using 

an internally branded, blended 

approach to solving problems and 

implementing effective change that 

sticks,” adds Jerry Rosenthal, director 

of continuous improvement for US 

Pharma Commercial Operations at 

GlaxoSmithKline (GSK).  “A balanced 

combination of project management, 

change management, and continuous 

improvement (Lean and Six Sigma) 

seems to be on the way to becoming 

the most common way for pharma 

manufacturing to achieve their goals.” 

“There is no one-size-fits-all 

programme. Every approach 

should start with an analysis of the 

company’s current status,” says 

Friedli, who advises that teams 

tackle any underlying equipment 

or process instability issues before 

trying to reach other objectives, 

such as taking out waste and driving 

down inventories. The University of 

St. Gallen’s Operational Excellence 

(OPEX) Benchmarking programme 

aims to help analyze a company’s 

starting point on a scientific basis. 

For the past three years, Friedli’s 

team has also been moderating an 

industrial OPEX exchange group to 

facilitate conversation about best 

practices and experiences.

Japanese quality gurus such as 

those who developed the Toyota 

Production System describe the 

need for senior management to 

be in touch with people actually 
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Manufacturing Excellence

doing the work, in the “Gemba,” 

Japanese for the place where truth 

will be found. Gemba walks—

getting onto the plant floor to 

see problems first-hand, and try 

to get suggestions from workers 

to help solve them directly—

have the advantage of allowing 

managers to take action to solve 

the problem at its source, rather 

than just measure and monitor, 

notes Baseman. At the same time, 

improvement programmes should 

have measurable, objective metrics. 

“Understanding the performance 

of process and equipment is the 

first step to improvement. One 

cannot improve without objective 

methods to assess and evaluate 

manufacturing,” says Baseman.

OEE is used by many to improve 

productivity. “We measure and review 

OEE daily to understand what is 

affecting our equipment availability, 

performance, and quality and put 

action plans in place, following the 

Deming cycle ‘Plan, Do, Check, 

and Act’ to track our performance 

improvement,” notes Catherine Kay, 

Operations director at Aesica. “We are 

also looking to implement measures 

for ‘Mean Time to Repair (MTTR)’, 

which is the average time that it takes 

to repair equipment after a failure.”

Programmes used at Vetter include 

OEE, Six Sigma, lean manufacturing, 

and the internal “Vetter Optimization 

System,” which includes a Production 

Excellence (PRODEX) initiative. 

PRODEX is designed to track all 

aspects of production, including 

people, material, machines, 

customers, and processes, explains 

Gerald Buerkle, vice-president 

Pharmaceutical Production, Vetter-

Pharma-Fertigung. The programme 

has helped improve quality and yield, 

increase flexibility and capacity, and 

improve personnel management, 

among other benefits. 

The main benefit to any of these 

programmes is having a structured 

approach to determining what needs 

to be done to improve operations, 

Operational excellence at Baxter BioPharma Solutions

The Baxter BioPharma Solutions (BPS) Oncology manufacturing expansion 

project at its Halle, Germany location was the winner of the Operational 

Excellence category of the 2016 International Society of Pharmaceutical En-

gineering (ISPE) Facility of the Year Awards (1). The company applied lean 

manufacturing principles in designing the expanded facility. The flexible 

design with adaptable equipment gave the company the ability to have 

rapid changeover to manufacture a wide variety of liquid formulations. Phar-

maceutical Technology Europe spoke with Frank Generotzky, plant manager 

for Baxter BioPharma Solutions’ Halle, Germany facility, about operational 

excellence at the site. 

Keys to success

PTE: How would you define manufacturing excellence or operational excel-

lence for the pharma industry, and what are the keys to achieving it? 

Generotzky (Baxter): The pursuit of operational excellence is an ongo-

ing goal driving improvement. Operational excellence leads to continuous 

improvement to increase efficiency as well as capacity while maintaining 

high quality and client satisfaction. Some examples of methods include: 

t� An innovative facility layout optimized using a ‘form follows func-

tion’ concept, designed and planned utilizing visualization tools for 

processes and parameters 

t� Optimal equipment design defined by using simulation models for 

critical process steps (e.g., mock-ups, computational fluid dynamics, 

3-D simulation models)

t� An experienced project team that accompanies all phases from design 

and validation through routine operation.

PTE: What programmes have you found to be successful? 

Generotzky (Baxter): It is important to implement programmes where 

all employees are involved (from operator to manager) to enhance suc-

cess. Creating an uplifting experience for the employees by implementing 

programmes internally such as 5S and process visualization helps to pave 

the way for the implementation of more complex systems such as opera-

tional equipment effectiveness or SixSigma. At the end of the day, success 

is dependent on having the necessary tools (e.g., a value stream map being 

supported, for example, by failure mode and effects analyses, fishbone dia-

grams, and standard control charts). Additionally, statistical tools should be 

leveraged in order to determine variation signals early in the process so that 

countermeasures can be implemented in a timely manner. 

PTE: What aspects in particular of lean manufacturing have been most 

beneficial?

Generotzky (Baxter): Applying 5S in manufacturing areas and increas-

ing the time that managers are on the floor (‘Gemba Time’) can help ensure 

a high degree of standardization and discipline. Continuous measurement 

of process parameters with standard control charts and statistical evalu-

ation leads to continuous improvement of yield and reduction of process 

deviations. 

Standardization and flexible design

PTE: What is the importance of process standardization? 

Generotzky (Baxter): A high degree of standardization ensures low 

variability between batches, reduces stock and work in progress, and 

helps to enhance planning security. Standardization leads to stable and 

predictable processes, which are the basis for true efficiency enhance-

ments. 

PTE: What is flexible design and how does this lead to operational excel-

lence? 

Generotzky (Baxter): Today’s products have become more complex 

to manufacture (e.g., nanotech products) and smaller from a volume per-

spective, and additionally there is the demand to simplify the handling 

infrastructure to be as efficient as possible. In many cases, the same manu-

facturing rooms are used for different process set-ups. The result is that 

manufacturing departments need to change process design between man-

ufacturing of batches quickly and efficiently. Standardized modular equip-

ment and process design is important to minimize set-up and turnover 

times to manufacture efficiently and remain cost competitive. Therefore, 

we define flexible design as one important component in our operational 

excellence program.

Reference
 1. ISPE, 2017 Facility of the Year Awards Category Winner, www.facili-
tyoftheyear.org/winners/2016-operational-excellence, accessed 8 Feb.  
2017.
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Manufacturing Excellence

and a viable course of action to 

implement the improvements, says 

Schniepp. 

“We’ve found that a structured 

process makes it easier to train 

personnel and provides tools and 

techniques to solve problems,” 

says Bonner. “It also provides 

consistency and continuity to the 

problem-solving process, which 

helps streamline rapidly solved 

or similar problems and improves 

persistence and perseverance to 

systematically address larger or 

more complex issues.” Whatever 

approaches are used must fit in a 

company’s culture. 

Culture of excellence
“Culture” might seem an ambiguous 

term, but experts say it is crucial 

for achieving excellence in 

anything, including manufacturing. 

“Manufacturing excellence is an 

entire philosophy, and, to become 

sustainable, it must be deeply 

ingrained in the structure and the 

culture of the company,” says Friedli. 

He notes that “one-dimensional 

efforts only aimed at cost cutting, 

short-term initiatives, and no visible 

top management commitment,” 

among other problems, are 

signs that initiatives will not be 

sustainable. 

“All levels of the organization 

must be involved and invested, from 

the line operator and maintenance 

personnel to the general manager,” 

adds Schniepp. “Having a consistent 

culture can be particularly challenging 

when multiple sites or companies 

are involved, such as CMOs. The 

CMOs need to have a manufacturing 

excellence culture, as well as their 

clients.” 

People tend to resist change, 

notes Van Trieste, but “an effective 

leader must create the case for 

change, tie the case for change to 

the mission of the organization, 

and be specific about what has to 

change and who it will impact.” 

Leaders must also overcome the 

fact that organizations in pharma 

still tend to work in silos (e.g., R&D, 

Quality Control, or Operations), 

rather than crossfunctionally. They 

must gain and maintain alignment of 

goals and priorities across the silos 

in their organization so that all the 

stakeholders are engaged, says Van 

Trieste.

Quality and continuous 

improvement must be more than 

the names of departments in the 

company—they must become 

what everyone is trying to achieve. 

Ideally, if the concepts and tools 

of continuous improvement were 

to truly become “part of the way 

things get done, part of the first 

step, and not the last consideration, 

then I believe that manufacturing 

excellence would be something 

that more pharma organizations 

could achieve with ease,” predicts 

Rosenthal.

References
1. FDA, Submission of Quality Metrics 

Data, Draft Guidance for Industry (29 

Nov. 2016). 

2. PDA, “PDA’s PAC iAM Task Force 

Releases Work Plan to Reduce 

Manufacturing Change Barriers,” Press 

Release, 19 Sept. 2016. 

3. D. Marks, Pharm. Tech. 41 (3) 70–73 

(2017). PTE
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Oral delivery of drugs is the preferred route 

of administration by both patients and 

manufacturers. Ease and convenience are the 

greatest requirements for patients, which leads to 

higher medicine adherence. Production costs for oral 

dosage forms also tend to be lower than for other 

options and offer the greatest versatility with respect 

to optimization of drug delivery.

For biopharmaceuticals, however, oral 

administration has been limited to a few relatively 

smaller molecules, including peptide products such 

as desmopressin and cyclosporine for systemic 

treatment, and a number of other products for 

local treatment. Many attempts have been made to 

develop oral insulin and other treatments for diabetes, 

but none have yet been successfully commercialized. 

Novo Nordisk, for example, halted development of its 

oral insulin product in October 2016.

The difficulty lies in the physical and chemical 

properties of large biomolecules and the physiology 

of the gastrointestinal (GI) tract. Overcoming 

these fundamental characteristics is challenging. 

“Numerous approaches have been explored to 

enable the oral delivery of biologic APIs. These 

range from using permeation enhancers to support 

permeation through the tight junctions of the 

epithelium, to nanocarriers to force active transport 

while protecting the biologic API from the gut, to 

making pro-drugs of the biologic APIs to enhance 

passive permeation,” observes David Lyon, director 

of research at Capsugel’s Bend, OR, USA facility. He 

notes that each of these approaches has had modest 

success in animal models, but has yet to develop into 

a commercial product.

The nature of things
The greatest challenge to the oral delivery of biologic 

APIs is absorption across the GI tract, according to 

Ronak Savla, scientific affairs manager, Catalent 

Pharma Solutions. Most oral drugs are absorbed in the 

small intestine, which has the highest permeability 

compared to the large intestine and stomach. 

Characteristics of the GI tract that influence absorption 

include the surface area and mucosa permeability 

of the particular segment; the pH; the presence of 

food, bile, enzymes, and bacteria; and the number of 

structures such as Peyer’s patches and lacteal ducts.

For biomolecules, however, their large size and 

polar surface make it difficult for them to diffuse 

across the epithelial layer. “Molecules with molecular 

weights of less than 700 Daltons are relatively easily 

absorbed, which does include peptidomimetics; 

while those above 1000 Daltons, regardless of 

size, are not typically absorbed to any extent,” 

Savla says. In addition, most biologic molecules, 

including peptides, violate Lipinski’s Rule of Five, 

which is used to determine if a drug molecule has 

physicochemical properties that will allow it to be 

therapeutically active when orally administered. 

“Drug lipophilicity has the strongest correlation with 

oral bioavailability; there appears to be a minimum 

degree of lipophilicity required for oral absorption,” 

Savla adds.

A second important issue for biologic APIs is their 

susceptibility to enzymatic and chemical degradation 

in the GI tract. “Specifically, the physicochemical 

delivery challenges include hydrolytic sensitivities 

of the molecules to the acidic media in the gut, 

as well as the enzymatic activity of the intestine,” 

explains Lyon. Once the active is absorbed, there are 

additional opportunities for degradation inside both 

intestinal epithelial and liver cells, which in the latter 

is referred to as the hepatic first-pass effect.

The main consequence of the poor absorbance 

and degradation of biologic APIs administered orally 

is low bioavailability. In some cases, this issue can be 

overcome by using higher doses, but doing so raises 

concerns about both potential side effects and 

excessive costs.

Drug formulation efforts focus on overcoming 

the various physicochemical challenges to increase 

bioavailability. Permeation enhancers and enzyme 

Effective solutions for overcoming the high molecular weight,  

hydrophilicity, and instability of large biomolecules have yet to be identified.

Oral Delivery  
of Biologic APIs:  
The Challenge Continues

Cynthia A. Challener 

is a contributing editor to 

Pharmaceutical Technology 

Europe.
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API Synthesis & Manufacturing

inhibitors are commonly used. 

Encapsulation and/or the use 

of protective (enteric) coatings 

can help prevent chemical 

and enzymatic degradation. 

Modification of the biologic API 

structure through either covalent or 

non-covalent bonding with lipophilic 

substances is another approach.

The stability of biologic drug 

substances must also be considered 

when developing formulations. 

For instance, some techniques 

used for the production of small 

molecules—such as those that 

introduce heat or organic solvents—

may not be suitable for biologic 

products. In addition, according to 

Savla, the prevention of aggregation 

upon storage can be a challenge, 

particularly for biologic products 

in solution. “Temperature, pH, 

and—in some cases—light can have 

an important impact on protein 

structure during manufacturing, 

which can lead to a delicate balance 

between the formulation, process 

conditions, and stability of the 

biologic API,” Lyon comments.

The role of  
functional excipients
A common theme across current 

approaches is the use of functional 

excipients such as permeation 

enhancers. “The larger size and 

hydrophilicity of biologic molecules 

hinders their passage across cells. 

Permeation enhancers are typically 

used to increase the space between 

epithelial cells in the GI tract 

lining,” Savla explains. Common 

enhancers include bile salts, fatty 

acids, surfactants, salicylates, 

chelators, chitosans, and zonula 

occludens toxin (1). Use of these 

excipients does, however, have the 

potential to cause damage to the 

mucosa and to allow absorption of 

other substances, such as other 

prescribed APIs in patients taking 

multiple drugs or even gut bacteria 

and their toxins.

Enzyme inhibitors are also 

used to prevent degradation of 

biologic APIs by enzymes in various 

parts of the GI tract, according to 

Savla. Examples include sodium 

glycocholate, bacitracin, and 

soybean trypsin inhibitor (1).

Structural  
modification approaches
In addition to the use of functional 

excipients as formulation solutions, 

common approaches to increasing 

the oral bioavailability of biologic APIs 

include modifying the drug molecule 

and/or the biological system.

A range of technologies have 

been explored for modifying the 

structure of biomolecules, including 

the use of polymers, the formation 

of nanoparticles, and their inclusion 

in lipid systems. In many cases, all 

three approaches are employed. 

“Each technology has its pros and 

cons and may be more suitable for 

certain molecules or applications 

over others. Lipid systems are 

interesting because there have 

been a lot of studies completed 

with small molecules and they can 

both increase the permeability of 

biologic molecules and protect them 

against hydrolysis and enzymatic 

degradation,” says Savla. Examples 

of lipid systems include liposomes, 

archaesomes, and emulsions.

Encapsulated biologics often exist as 

nanoparticles. Encapsulation protects 

the active against degradation, while 

the size of nanoparticles allows 

for better penetration through the 

stomach lining, according to Savla. 

In addition, tailored receptors that 

target the GI tract lining for enhanced 

absorption can also be attached to 

encapsulated proteins. Polymers 

used for the preparation of such 

nanoparticulate formulations include 

chitosan and chitosan derivatives and 

other polymers commonly used for the 

preparation of small-molecule drugs (1).

More exotic solutions include 

“robotic” pills, such as those being 

developed by Rani Therapeutics. Tiny 

needles comprised of a permeation 

enhancer, which are pushed by self-

inflating balloons that function under 

specific conditions in the intestine, 

deliver the biologic active through the 

intestinal wall.

Actual modification of the protein 

structure through conjugation 

with lipophilic compounds (fatty 

acids) or oligomers such as 

polyethylene glycol (PEG) has also 

been investigated. Crystallization of 

proteins can improve oral delivery, 

but typically is quite difficult for 

most biologics (1).

“Manipulation of the structure of 

biologic drug substances using any of 

these approaches must be pursued 

with caution, however, given the fact 

these structures are not only complex 

but crucial to the efficacy and safety 

of the drug product,” Savla asserts.

Manipulating biochemistry
In addition to modifying the structure 

of the biologic API, some approaches 

focus on manipulation of bacteria that 

are commonly found in the intestine. 

Many of these bacteria are designed 

to tightly bind to the intestinal 

mucosa. Through genetic engineering 

it is possible to create versions of 

these bacteria that can produce and 

secrete protein APIs and deliver a 

high concentration to the absorption 

mucosa, avoiding the possibility of 

degradation, according to Savla. 

In addition, these bacteria can 

deliver the biomolecules throughout 

their lifetimes in the intestine. This 

technology can be combined with 

modification of protein structures to 

increase lipophilicity and resistance 

to degradation.

There are also promising oral 

technologies being developed by 

companies such as Applied Molecular 

Transport (AMT) that use poorly 

immunogenic transporter proteins 

covalently linked to biologic APIs to 

actively transport them across the 

epithelium, according to Lyon. AMT’s 

Transint platform provides targeted 

delivery of peptides and proteins 

to cells in the GI tract or liver using 

the non-toxic portion of the protein 

cholix toxin, which delivers a toxic 

compound produced by Vibrio cholera 

across the gut epithelium. The carrier 

protein is covalently bound to the 

biologic API for delivery to the GI 

tract, while a linker inserted between 

the two allows delivery to the liver 

following enzyme cleavage.

“These types of approaches are 

elegant at delivering peptides and 

proteins, but still require protection 

of the construct from the stomach 

and intestinal environments,” Lyon 

says. He notes that the combination 

of such a transporter technology and 

Capsugel’s intrinsically enteric capsule 

technology, or enTRinsic drug delivery 

technology, may prove effective 

for providing both physicochemical 

protection and permeation. “Our 
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enTRinsic drug delivery technology, 

which uses an enteric polymer in the 

capsule shell thereby avoiding the 

need for enteric coating and the high 

temperatures associated with coating 

processes, provides acid-, water-, 

and enzyme-impermeable capsule 

characteristics that allow the cargo 

to be delivered intact to the site of 

absorption while protecting the active 

molecules,” Lyon explains.

Continued efforts
Despite the high level of interest in 

formulating biologic drugs for oral 

delivery, it remains uncertain when 

commercial products will eventually be 

available. “Several programmes have 

reached and failed in Phase III. While 

there are a few current programmes in 

Phase II and III clinical trials, it is difficult 

to predict whether these trials will be 

successful. Most of these programmes 

face competition from injectable 

formulations—a high bar to match or 

surpass,” Savla observes.

Lyon is more hopeful when it 

comes to biologic APIs that treat local 

gut disease states, such as Crohn’s 

diseases and irritable bowel syndrome, 

and expects that oral delivery for 

these drug substances will be fairly 

common within the next five years. 

Although he notes that great progress 

continues to be made translating “IV 

drugs to oral,” he says that significant 

breakthroughs have yet to be made 

if currently marketed biologic APIs 

are to be converted without covalent 

modification from IV delivery to drug 

products delivered orally.

To tackle this challenge, Catalent is 

taking a parallel screening approach. 

“We understand that there is no 

one-size-fits-all solution and it is 

difficult to predict oral bioavailability 

a priori. We first assess a molecule’s 

permeation through the oral and 

sublingual/buccal routes using 

the permeation enhancer sodium 

caprate. If the molecule demonstrates 

potential for one of these routes, 

we work on developing formulation 

candidates,” Savla explains.

The Catalent Applied Drug 

Delivery Institute’s Non-invasive 

Macromolecule Delivery Consortium 

also brings together academic and 

industry experts from a variety of 

disciplines to discuss and develop 

possible ways to address challenges 

faced by everyone in the area, 

according to Savla. The Institute 

organized a conference focused on 

routes of non-invasive macromolecule 

delivery February 2017 in San Diego. 

The conference was designed to 

bring together leading experts from 

academia and industry to discuss 

challenges, share results, and pave the 

path for the next steps in the field.

“As a specialized contract service 

provider with a focus on product 

design,” says Lyon. “Capsugel has 

invested in technologies that solve 

some of the challenges associated 

with the non-invasive delivery of 

biologic APIs, including oral solutions.” 

As mentioned above, the company’s 

enTRinsic drug delivery technology 

overcomes the need to protect biologic 

APIs from the GI tract environment. 

“The enTRinsic technology can be 

used in conjunction with standard 

biologic APIs and pro-drugs for either 

systemic or local gut delivery, and 

we have ongoing development and 

clinical programmes with a number of 

pharmaceutical and biopharmaceutical 

partners,” Lyon notes.

Exciting and active area
The oral delivery of biologic APIs—

mainly peptides and proteins—has 

been a “holy grail” of pharmaceutical 

drug delivery for the past several 

decades, according to Lyon. “Oral 

delivery remains the preferred route for 

delivery of medicines. Biologic APIs are 

growing faster as a class of molecules 

than traditional small molecules and 

have enjoyed shorter development 

times and approval times over the 

past decade. While the driving factor 

is improved therapies, biotherapeutics 

also provide innovative companies with 

increased differentiation in their product 

lifecycle strategies. It is reasonable to 

expect that the interface of these two 

areas will remain an exciting and active 

area of research and investment in the 

coming years,” he states.

One potentially exciting direction 

of research for Savla is the intentional 

design of orally administered biologic 

APIs. “Given that most biologic drugs 

are injected, there is no guidance or 

rules of thumb for oral delivery. To 

date the focus has been converting 

existing biologic APIs initially 

developed specifically for parenteral 

administration to alternative oral 

delivery formulations. It is certainly 

possible that better success with 

oral delivery can be achieved if the 

biologic APIs are designed from the 

start to function effectively within 

the intestinal tract. Of course, there 

are significant risks in taking this 

approach given the numerous issues 

with the absorption and degradation 

of large biomolecules in the GI tract. 

It may in fact take initial successes 

with modified existing APIs before 

someone is willing to develop and 

orally administered biologic drug from 

scratch,” he concludes.

Reference
1. Catalent Applied Drug Delivery 

Institute, Non-invasive Macromolecule 

Drug Delivery Guide (Somerset, NJ, 

2015). PTE

EMA recommends six medicines for approval

At its February 2017 meeting, the 

Committee for Medicinal Products 

for Human Use (CHMP) of the 

European Medicines Agency 

recommended conditional 

marketing authorization for Natpar 

(parathyroid hormone), which 

treats chronic hypoparathyroidism. 

Marketing authorization was given 

to Lokelma (sodium zirconium 

cyclosilicate) for the treatment of 

hyperkalaemia and Varuby 

(rolapitant) for the prevention of 

nausea and vomiting. CHMP also 

granted a positive opinion for the 

informed consent application for 

Roteas (edoxaban) for the 

prevention of stroke and systemic 

embolism in adults with atrial 

fibrillation, and for the treatment 

and prevention of deep vein 

thrombosis and pulmonary 

embolism. It also granted positive 

opinions for generics 

Emtricitabine/Tenofovir disoproxil 

Krka d.d. (emtricitabine/tenofovir 

disoproxil) and Pemetrexed 

Hospira UK Limited (pemetrexed).

 —The editors of Pharmaceutical 

Technology Europe
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Iñaki Bueno, formulation and manufacturing manager at Idifarma, 

and Rob Harris, chief technical officer at Juniper Pharma 

Services, share insights on the challenges of capsule filling.

PTE: What type of formulations are filled in a capsule? What 

formulations are not suitable for capsule filling? 

Bueno (Idifarma): In principle, any type of formulation may 

be dosed into hard capsules, from blends or granules, to coated 

pellets, to other oral dosage forms such as tablets, micro-tablets, 

smaller capsules, including various combinations of any of the 

mentioned forms. It is also possible to fill liquids, provided that the 

material of the capsule (generally gelatin, although there are other 

alternatives) is not soluble in the solvent used in the formulation.

Due to the need for a plasticizer in the capsule shell formulation, 

conventional hard gelatin capsules have a high water content 

(13–16%). For this reason, hygroscopic products can absorb 

moisture from the capsule, causing the capsules to become brittle, 

which can break under mechanical stress. On the other hand, such 

transfer of moisture to the contents of the capsule could generate 

problems of physical stability (crystalline form) or chemical 

stability of the API.

To solve these problems, capsules with a low moisture content 

can be developed, either by using plasticizers other than water or 

other polymers, such as hydroxypropyl methylcellulose (HPMC), 

which is the most widespread alternative.

Finally, mixtures with materials containing reactive aldehydes 

are not suitable for capsule filling, as they favour the “cross-linking” 

effect experienced by the gelatin, reducing the capsule’s solubility.

Harris (Juniper): It is possible to fill powders, granules, 

non-aqueous liquids, non-aqueous gels, and thermo-setting 

formulations into capsules. For solids, powders with poor flow 

properties can be problematic because of poor fill weight control. 

Liquids with very low viscosity can leak from two-piece shells 

soon after filling. Hygroscopic liquids can cause embrittlement in 

capsule shells. 

Q&A by Adeline Siew

Capsule size and fill weight
PTE: How do you decide on capsule 

size and fill weight per capsule?

Harris (Juniper): The choice 

of capsule size and fill weight 

is dictated by the unit dose 

requirements and the formulation 

to be used.

Bueno (Idifarma): Once the 

formula of the contents of the 

capsule is developed and the 

weight to be dosed is known, it is 

easy to define the most appropriate 

capsule size. The body of each size 

of capsule has a defined volume; 

and by knowing the density of the 

mixture to fill, we can establish 

the volume that will occupy the 

weight that must be filled in each 

capsule. In the case of mixtures 

(powder or granulate), knowing 

the tapped density makes it 

possible to determine the most 

suitable capsule size. For pellets 

or micro-tablets, where there is 

no possibility of compaction, it 

is necessary to use bulk density 

instead. All capsule suppliers 

provide capsule size tables that 

facilitate the choice of capsule size.

Clinical versus 
commercial production
PTE: How is capsule filling for 

clinical studies different from that 

for commercial production?

Bueno (Idifarma): Capsule filling 

provides great potential for clinical 

trials, whether it’s filling just the 

API for first preclinical or clinical 

trials to filling other dosage forms 

in capsules (tablets or smaller-

sized capsules, for instance) for 

blind or double-blind clinical trials. 

Capsules intended for clinical trials 

often have different geometries 

or dimensions from the capsules 

used in production, and therefore, 

might require specific machine 

formats. Typically, the batch sizes 

for clinical trials are smaller than for 

commercial production, so in many 

cases, it is possible to fill capsules 

manually. 

Harris (Juniper): For small 

numbers of capsules for clinical 

studies, it may be feasible to hand-

fill capsules, either with neat drug 

or with a simple powder blend, or 

use a precision powder dispenser, 

24    Pharmaceutical Technology Europe MARCH 2017  PharmTech.com

Key Considerations in 
Capsule Filling
Capsule filling is a complex process; the product to be 

encapsulated must be well developed to ensure mass uniformity.
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Formulation

Overcoming the Challenges of Capsule Filling in Preclinical and Clinical Studies

Capsule filling is common in 

preclinical and clinical studies. 

Companies are increasingly 

developing cytotoxic and 

potent compounds; contain-

ment of these substances is, 

therefore, a primary safety 

concern for laboratory man-

agers. As the API dosed into 

capsules are typically not fully characterized at this stage, they must be 

treated as high-potency to protect the researchers handling them, be-

cause any spillage or exposure presents a potential safety risk. 

Often, only a limited quantity of the drug substance is available. When 

working with a new chemical entity, where the synthesis programme 

may run concurrently with the early dosing studies, early batches may 

be of the order of several grams, with perhaps a gram or less available for 

development work. At this phase, the drug is expensive and precious, so it 

is important to avoid wasting any. 

Depending on the nature of the drug and test subject, new pharma-

ceuticals are often administered in gelatine capsules. The fill weight of 

each capsule must be accurately calculated and prepared according to the 

test subject’s weight. This preparation involves manually weighing highly 

potent, hazardous substances precisely with a spatula. Manual capsule 

filling, however, is tricky and challenging, especially with small capsules. 

Manual filling is usually performed manually when the sample series 

are too small for filling machines or different amounts are required per 

capsule, which is not easy to automate. Manual filling can be slow and 

tedious, especially if tens, hundreds, or even thousands of capsules have 

to be prepared each day. 

Alternatives to manual capsule filling 

There are various solutions to overcome the manual filling challenges: 

t� Low-cost capsule boards are an extremely fast method of filling 

capsules, but have some drawbacks. Capsules cannot be filled with 

pure API because it would deliver too much API per capsule; hence, 

an excipient must be used. As segregation of powders cannot be 

controlled, homogeneous-proof samples are required and different 

formulations per capsule are not possible. Filling is achieved by 

volume, which is not highly reproducible, and capsule weights cannot 

be checked afterwards. 

t� Automated filling machines are a higher-throughput approach, but 

typically come at a high investment. Usually requiring at least a 

kilogram scale of material to run a batch, they are not flexible enough 

to fill different amounts per capsule. Additionally, these systems 

require time-consuming commitments of maintenance and cleaning 

between batches to prevent cross-contamination and ensure safety.

t� Semi-automated capsule filling solutions bridge the gap between the 

manual and high-throughput machines. These flexible systems are 

usually compact and affordable, ideally suited for small batch capsule 

filling and accurately dosing different target amounts to each capsule 

gravimetrically (e.g., Quantos, Mettler Toledo GmbH).

Reduce time and enhance safety using automation 

Reduce labour time. In a GMP lab, a validated filling system provides 

reduced labour time compared to manual filling. A technician may be 

capable of manually preparing 85–125 capsules per day at 3 mg target 

weights (technician dependent), whereas a semi-automated system pro-

duces 60 capsules per hour. Although the manual estimate depends on 

the standard operating procedure (SOP), a manual fill in a GMP lab would 

also require the eyes of two technicians: one to tare the balance, fill the 

capsule, and record the final fill weight; and the other present to verify 

each of these steps. Whereas, using a validated filling system requires 

only one operator to perform the task. Additionally, the tare and fill 

weights can be captured electronically and stored and/or printed auto-

matically, which reduces the labour time associated with data recording/

transcription. 

Reduce development time. By using neat API in capsule, formulation 

development time can be reduced by simply evaluating the compatibility 

between the capsule shell and the API, instead of investigating excipient 

compatibility and fully formulating a dosage form. Analytical method 

development time can also be reduced because no specificity needs to 

be qualified, as no interfering excipients are present. Thus, the analytical 

method for the drug substance can suffice for the drug product. 

Typically, release testing is performed on all incoming materials and 

final dosage forms before release to the clinical side. Using neat API in 

capsule, the initial release determines the purity and potency of the API, 

which minimizes the release testing and allows substances to get to the 

clinic faster. 

Minimize cleaning and cross contamination. In setting up a typical 

fully automated encapsulation machine, there are a number of product 

contact parts that have to be cleaned and verified by swabbing after dos-

ing to determine residual API left on the instrument. However, semi-au-

tomated filling systems are much simpler to clean, because no substance 

comes into contact with any other part of the system other than the dos-

ing head and the sample changer, which is easily detached for cleaning. 

The rest of the system is considered non-product contact and thus needs 

no additional cleaning verification. Cross-contamination risk is eliminated, 

as separate dosing heads are used for each substance. 

Enhance safety and reduce wastage. With high-potency substances, 

semi-automated capsule filling offers significant safety benefits. Poten-

tial exposure is reduced using a self-contained dosing unit. The drug sub-

stance is stored in a standard jar or vial with a dispensing head screwed 

on top, protecting the analyst from the drug, and the substance from the 

environment. At this phase, when working with new chemical entities 

that can cost thousands of dollars per gram, it is important to avoid any 

substance wastage. Weighing small quantities such as 1–5 mg, manually 

with a spatula, can result in significant loss or spillage. Having a system 

that accurately dispenses exactly the required amount, without wasting 

anything is, therefore, beneficial.

—Matthew Greene, CoreRx, Inc. and Joanne Ratcliff, Mettler-Toledo 

GmbH
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such as the Xcelodose (Capsugel). 

Another approach for relatively 

small numbers of capsules is to 

‘flush-fill,’ which involves holding an 

array of opened capsule bodies in a 

perspex frame and adding/spreading 

out the drug or formulation across 

the capsule shells to fill them all 

to the brim, followed by adding 

the caps and closing the capsules. 

Difficult to handle powders 

(e.g., micronized drug, poor flow 

powders) can be filled into capsules 

either by hand-filling or by flush-

filling (although due consideration 

should be given to the quantities of 

capsules required).

For larger clinical trials, 

automation becomes important. 

For a batch size greater than a few 

thousand capsules, an automated 

filling approach is required, which 

demands the use of a suitable, free-

flowing powder blend or granular 

formulation.

For commercial production of 

capsule products, speed and ease 

of manufacture is important and, 

therefore, automated capsule filling 

machines are used. There are two 

types of automated capsule filling 

machine—the dosator-type and the 

dosing disc type. 

Challenges in capsule filling
PTE: What are the challenges of 

capsule filling for liquid and powder 

formulations? 

Harris (Juniper): For liquid 

formulations, very low viscosity 

liquids should be avoided due to the 

potential for leakage. For powder 

formulations, good flow properties 

are important to ensure satisfactory 

fill weight control.

Bueno (Idifarma): The main 

challenge when filling liquids in 

hard gelatin capsules is to find the 

right solvent (i.e., one that does not 

interact with the capsule material). 

From a technological standpoint, 

the capsule filling machine requires 

a specific station to fill liquids, 

and the capsules must undergo an 

additional subsequent band-sealing 

process to prevent leakage of the 

contents of the capsule. 

As far as powder filling is 

concerned, the main challenge is 

to achieve a formulation with good 

flow properties, which guarantees 

the correct filling of the dosing 

systems, and therefore, a good 

uniformity of mass of the contents 

of the capsule.

Manual versus  
automated capsule filling
PTE: Can you discuss the differences 

between manual and automated 

capsule filling, and the pros and cons 

of each method?

Bueno (Idifarma): Unlike an 

automatic filling machine, where 

there is a transfer of the product 

to the capsule, the manual filling 

of powder is done volumetrically. 

This implies that the whole body of 

the capsule must be filled. Changes 

in API or final blend density may 

make it impossible to fill the exact 

amount of blend. In cases where 

the density is lower, it is possible to 

use manual compaction systems, 

but they are ineffective and 

introduce a high variability to the 

contents of the capsule.

Obviously, the main advantage 

of manual encapsulation is that 

the investments in equipment and 

formats are much lower and that 

the times dedicated to associated 

activities, such as adjustment and 

cleaning, are drastically reduced. 

Another advantage of manual 

filling is that there is no dead 

volume, which makes it possible 

to encapsulate all the powder, 

something that is really useful when 

manufacturing very small batches 

for clinical trials or conducting 

formulation tests.

Speed, reliability, and the ability 

to adjust the dose are the main 

advantages of automatic machines. 

Its main disadvantages include 

the need to invest in expensive 

equipment, the longer time needed 

to perform adjustments to the 

batch, format changes and cleaning, 

and the need to manufacture bigger 

batch sizes compared with manual 

filling.

Things that can go wrong
PTE: What are the common things that 

can go wrong in capsule filling that 

manufacturers should be aware of?

Harris (Juniper): When powder 

filling, the main challenge is 

poor capsule fill weight control. 

When filling liquid or semi-solid 

formulations, splashing of the 

liquid during the capsule filling 

can occur, making it necessary to 

reduce machine output speed or 

increase time for the pump stroke. 

In addition, ‘tailing’ during filling 

stroke for gels and semi-solids can 

lead to variable fill weights and 

contamination of capsules, making 

it necessary to adjust the speed of 

the pump stroke and/or increase 

the temperature of the formulation 

during filling. 

Bueno (Idifarma): Capsule filling 

is a complex process, so there 

may be numerous challenges. It is 

important that the product to be 

encapsulated is well developed, 

with an acceptable flow and 

a reproducible batch-to-batch 

density to avoid problems of mass 

uniformity.

In addition, an automatic 

encapsulating machine is a complex 

equipment. Each capsule format 

is composed of numerous pieces, 

which must be perfectly aligned 

and adjusted to avoid the opening 

or breaking of capsules. When 

capsules are broken, they can 

release their contents, staining the 

entire batch produced.

Finally, hard gelatin capsules 

eventually undergo a cross-linking 

reaction that renders the gelatin 

less soluble and may affect the 

release of the capsule contents. PTE

The choice of capsule 
size and fill weight is 
dictated by the unit dose 
requirements and the 
formulation used. 
 —Harris, Juniper

The main challenge 
when filling liquids in 
hard gelatin capsules is 
to find the right solvent 
(i.e., one that does not 
interact with the capsule 
material).—Bueno, Idifarma
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An Investigation of the Anomeric 
Stability of Lactose Powder Stored 
Under High Stress Conditions 
Mohamad J. Altamimi, Kim Wolff, Gary P. Martin, and Paul G. Royall

Lactose has two anomeric forms: α- and β-lactose. 

This study investigated the stability of solid lactose 

stored under high temperature and humidity 

conditions. Commercially available samples of 

α-lactose monohydrate (98% w/w α; 2% w/w β) and 

β-lactose (84 % w/w β; 16 % w/w α) were stored 

at 40 °C and 93% ± 3% relative humidity (RH) for 

up to one week and analyzed using proton nuclear 

magnetic resonance. The data show that the storage 

conditions can change the anomeric content and 

potentially affect the functionality of lactose as a 

pharmaceutical excipient.

Lactose is a widely used excipient in the formulations of 

many pharmaceutical products because of its inherent 

qualities, such as low cost, high stability, low hygroscopicity, 

and compatibility with a wide range of active ingredients 

(1–4). Lactose can, for instance, serve as a diluent that is 

added to active ingredients to regulate tablet size, flow, 

cohesion, weight, and compressibility (1). It is a common 

excipient used, for example, within formulations contained 

in hard-shell capsules. Most dry powder inhaler powder mix-

tures also contain lactose as a carrier to increase the flow-

ability of drug particles and regulate dosing accuracy (5, 6).

Lactose is a disaccharide that can exist in solid form as 

α-lactose and β-lactose anomers. The anomers result from a 

mechanism known as mutarotation, where the orientation of 

a hydrogen and a hydroxyl group changes on a specific carbon 

atom as a consequence of  carbon–carbon bond breaking, 

rotation, and bond re-formation (see Figure 1) (1, 7, 8). As 

a pharmaceutical powder product, α-lactose monohydrate 

refers to a powder that is comprised primarily of pure 

α-lactose crystals, containing only minor concentrations of 

β-lactose, and has water integrated as a hydrate in its crystal 

structure (water content ≃5% w/w). In contrast, commercial 

β-lactose products contain a higher concentration of the β 

anomer (approximately 80% w/w) and are often referred to 

as “anhydrous” lactose due to the fact that the β-lactose is 

present in the anhydrous form (9). It has been shown that 

lactose can exist in a co-crystal form that can be used to 

enhance the physiochemical properties of the API (10).

Most of the lactose used in medicines is primarily α-lactose 

monohydrate. β-lactose, however, has pharmaceutical 

applications as a filler or binder in the direct compression 

stage of tablet production (11). The efficiency of drug-delivery 

systems containing lactose (such as tablets and dry powder 

inhalers) can be greatly affected by the anomeric composition 

of the lactose used, including variation in terms of flowability 

and moisture adsorption (3, 9, 12). β-lactose-containing tablets 

are less brittle than those containing α-lactose monohydrate 

products and exhibit better compaction properties, which 

decrease the brittleness by making the tablets harder (13). 

When crystalline α-lactose monohydrate has a fraction of 

amorphous material present, typically found on the surface of 

processed particles, this amorphous region could potentially 
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contain a mixture of both α and β anomers. As a result of 

a different chemical composition, the disordered regions 

will be expected to interact differently with a drug than the 

crystalline and more stable α-lactose monohydrate present 

in the product (14). Furthermore, because such amorphous 

content can crystallize rapidly at room temperature when 

the water activity is above approximately 0.5% w/w (14), 

differences in the crystalline α and β anomer ratio may be 

observed as a result of the generation of amorphous content 

followed by re-crystallization. For example, ball milling under 

ambient conditions has been shown to induce a 15% w/w 

conversion of the α-anomer to the β-anomer due to the 

presence of moisture in the air (15). 

The stability of lactose must be investigated to ensure that 

lactose-containing products are being stored appropriately 

such that the same anomeric content is maintained 

throughout the shelf-life of the formulation. The anomeric 

composition of a lactose sample can be successfully 

determined using a novel nuclear magnetic resonance 

(NMR) method, as recently reported (1).

The aim of the present study was to determine the stability 

of solid lactose under high-stress conditions by NMR analysis. 

Commercial samples of lactose were exposed to high 

humidity conditions at 40 °C for up to one week and the α- and 

β-content monitored as a function of time. The International 

Council for Harmonization of Technical Requirements for 

Pharmaceuticals for Human Use (ICH) guidelines state that 

general stability tests should be carried out at 40 ± 2 °C and 

at a relative humidity (RH) of 75 ± 5% RH (16). In this study, the 

temperature during the incubation period was set at 40 °C; 

however, the RH during the incubation was maintained at 93% 

RH (greater than the conditions outlined in the ICH guidelines). 

This approach was carried out to investigate the extreme 

conditions that could affect the stability of the anomeric 

content of the lactose samples. Such conditions may occur 

during the bulk transport of the excipient across the world 

even if the final drug product is used and stored according to 

manufacturer’s specification. Differential scanning calorimetry 

(DSC) was employed to determine the hydrate form of the 

resultant lactose samples after the incubation period.

Materials and methods

H1 NMR analysis. Dimethyl sulphoxide (DMSO) -d6 99.9At% 

+ 0.05% tetramethyl saline (TMS) (%v/v) was acquired from 

Goss Scientific Instruments and used as the solvent for the 

NMR samples.  Aliquots were transferred to a 400 MHz 

Wilmad NMR tube (Sigma). DMSO solution (0.7 mL) was added 

to the sample and the lactose dissolved approximately 10 min 

prior to analysis using a 400 MHz NMR (Bruker Avance); the 

experiment was completed within 10 min. The NMR analysis 

was conducted using a Quattro nucleus probe (QNP) including 

16 scans and a zg30 sequence, where a 30° pulse was applied 

prior to acquisition. TMS (appears at 0 ppm) in the DMSO 

was used as a reference to compare the chemical shifts. The 

method and the analysis of the resulting spectra from each 

NMR experiment were based on those outlined in previous 

studies (1). The anomeric composition was obtained by com-

paring the ratio of the integrated α and β peaks using the 

Bruker Topspin software for NMR spectral data analysis (1, 15).

Calibration. The available lactose powders were mixed in 

different ratios and analyzed by NMR to create a calibration 

graph showing the correlation between the changes in 

anomeric ratio of lactose and the different mixtures of 

α-lactose monohydrate and β-lactose. Mixtures of 1:4, 1:3, 

1:1, 3:1, and 4:1 of α-lactose monohydrate:β-lactose were 

used in this experiment. The amounts of lactose powders 

corresponding to these mixture ratios were weighed directly 

into NMR tubes and, after dissolution, analyzed by the above 

method.

Stability study. An environmental temperature of 40 °C 

and 93% RH was established in a temperature-controlled 

incubator (Gallenkamp, Wiess Technik). The humidity was 

maintained by introducing an open reservoir containing 

an excess of purified water into the incubator. Conditions 

within the incubator were monitored continuously using a 

thermometer/hygrometer (TraceAble, Fischer Scientific). 

After equilibration of the environmental conditions, 

approximately 300 mg samples of commercial α-lactose 

monohydrate (Sigma) and β-lactose (ACROS organic) were 

placed in aluminium weighing boats (QBI Consumables) 

within the incubator (middle shelf ). Aliquots of lactose 

powder (3–4 mg) were removed from each sample, 

immediately prior to the start of the experiment, and these 

were designated the time-zero samples. On days 1, 2, 3, 4, 

5, and 7, further aliquots were removed from each weighing 

boat for analysis by NMR. Care was taken to ensure that the 

removed portions comprised powder representative of the 

entire powder bed.
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Figure 1: The structures of the two lactose anomers: 

α-lactose and β-lactose depicted using ChemDraw 

showing the difference in the position of the hydroxyl 

group and the hydrogen (indicated by asterisks). When 

mutarotation occurs, lactose interchanges from one 

anomeric form the other.
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Differential scanning calorimetry (DSC). An automated 

DSC (TA instruments, Elstree) was used to analyze the lactose 

samples, as received and then after the incubation period. 

Three to four milligrams of β-lactose was weighed into a 

hermetic DSC pan using a Sartorious balance and covered 

with a DSC lid with a pinhole. The pans were then sealed and 

placed in the automator prior to the start of the experiment. In 

brief, the run program involved: equilibration at 25 °C, ramp up 

to 160 °C at 10 °C/min, equilibration at 160 °C and a hold phase 

for 1 min, followed by a ramp down to 25 °C at 10 °C/min, and 

re-equilibration at 25 °C.

Results 

H1 NMR analysis and calibration. Figure 2 is an example 

of an NMR spectrum of α-lactose monohydrate powder, 

containing an insert of the region of interest 6–7 ppm where 

the α and β proton peaks occur, on a larger scale. The α and 

β protons are the most deshielded atoms in the lactose 

molecule because of their position with respect to a neigh-

bouring electronegative oxygen atom. The distance between 

the α proton and the oxygen atom is also greater than the 

distance between the β proton and oxygen atom. Therefore, 

the respective protons exist in slightly different chemical 

environments, which also accounts for the α and β protons 

of the α-lactose monohydrate sample appearing as two 

separate peaks found in the farthest region (6.2–6.7 ppm) (1).  

Because of the nature of the NMR experiment, the α 

and β peaks appear split depending on the number of 

adjacent hydrogen atoms (referred to as n). Peaks are 

split by n + 1; therefore, in this case, both peaks are split 

into doublets as a consequence of the adjacency of one 

hydrogen atom. The relative intensities of the integrated 

α- and β-proton peaks were calculated and the anomeric 

content was determined for α- lactose monohydrate 

and β lactose at day zero (n=5). The purchased sample 

of α-lactose monohydrate was found to contain 98% ± 

0.16% w/w α-lactose and 2% ± 0.16% w/w β-lactose. In 

contrast, the sample of β-lactose powder contained 

16% w/w α- lactose and 84% w/w β-lactose, with the 

standard deviation being 0.29%.

Dif ferent mixtures of lactose powders (α- lactose 

monohydrate and β-lactose) were analyzed by NMR 

to generate the calibration graph shown in Figure 3. 

Five percent of the weight of α-lactose is water and 

approximately 20% w/w of the β-lactose powder is known 

to be α-lactose (11); thus, the calculated value for the 

percentage of the  α anomer was determined using the 

Equation 1:

(W 
‘α-lactose’ 

- W 
water present in ‘α-lactose’

) + (W 
α anomer present in ‘β-lactose’

)

W 
‘α-lactose’ and ‘β-lactose’ mixture sample

X 100

[Eq. 1] 

where, W= weight; ‘α-lactose’ and ‘β-lactose’ powders as 

received.

The weight of the water present in lactose was 

determined using thermogravimetric analysis (TGA). The 

weight loss corresponding to the water loss detected by 

TGA was 4.97 ± 0.34% w/w (n=3). The α anomer content 

present in the β-lactose was found to be 16.3 ± 0.22% 

w/w by NMR. Using these data, the calculated α anomer 

composition was determined and used as the independent 

(x) axis. The NMR data derived from the mixtures of lactose 

samples were plotted as the abscissa values. As shown in 

Figure 3, the R2 value (0.992) is strongly indicative of the 

linearity of the NMR analysis.  

Stability study. Constant temperature and relative 

humidity were maintained during the seven-day experiment 

(Figure 4); the values upon daily monitoring being 
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Figure 2: Nuclear magnetic resonance (NMR) spectrum 

of α-lactose monohydrate and an enlarged spectrum 

of the 6–7 ppm region of the spectrum. The magnified 

portion of the spectra shows the peaks indicative of 

the α-lactose at ~6.3 ppm and β-lactose at ~6.6 ppm.

Figure 3: A calibration curve illustrating the calculated 

α anomer % and the % α anomer of mixtures of 

‘α-lactose’ : ‘β-lactose’ powders determined by nuclear 

magnetic resonance (NMR) in the following order: 1:4, 

1:3, 1:1, 3:1, and 4:1.
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Relative humidity and temperature conditions of
incubator during storage period
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Figure 4: Relative humidity and temperature conditions 

of incubator measured using a traceable hygrometer/

thermometer during a week-long stability study to 

investigate the changes in anomeric content of lactose.

Figure 5: An overlay of nuclear magnetic resonance 

(NMR) spectra for ‘β-lactose’ powder, stored for up 

to one week at 40 °C and 93% relative humidity (RH), 

showing the progressive change in anomeric content of 

the samples (x-axis = ppm and y-axis = signal intensity). 

Representative spectra for ‘β-lactose’ as received, after 

three, five, and seven days of storage were selected 

to illustrate the change in anomeric content of powder 

after incubation.  The intensities of the samples were 

normalized for this figure.

40.0 ± 0.5 °C and 93 ± 0.7% RH (with an instrument 

accuracy of ± 3%).

The β-lactose sample changed markedly in composition 

as a function of t ime. The original sample, which 

contained 16% w/w α-lactose and 84% w/w β-lactose was 

transformed and after seven-day storage, was found to 

comprise 48.5% w/w α-lactose and 51.5% w/w β-lactose 

(Figures 5 and 6). The increase in α-lactose content was 

found to be a (R2 = 0.97) linear function of time (slope 

4.7%/day).

In contrast, the composition of the α-lactose monohydrate 

sample did not change throughout the seven-day storage 

period (Figure 5). The mean α-lactose anomer content 

during storage of the sample was 98.4 ± 0.15%. The R2 value 

was 0.53 indicating that the data points were randomly 

distributed around the mean, suggesting a small variation 

due to the NMR experimental procedure. 

DSC. The thermogram in Figure 7 comprises an overlap 

of representative curves for α-lactose monohydrate, 

β-lactose, and β-lactose after storage at high temperature 

and RH conditions. α-lactose monohydrate exhibits a 

peak that corresponds to water loss at 140–160 °C, and 

this peak is represented by the blue trace in Figure 7.

β-lactose did not exhibit any peaks in this region as 

expected because of the absence of the hydrate present 

in α- lactose monohydrate. The incubated β-lactose 

sample presented a peak that overlaps with the α-lactose 

monohydrate water-loss peak at 140–160 °C. The weight 

of α-lactose monohydrate (n=6), β-lactose (n=6), and 

β-lactose after incubation at high temperature and RH 

conditions (n=6) over seven days was measured before 

and after the DSC experiments and the weight loss was 

calculated to be 5 ± 0.4% w/w, 0.1% ± 0.1% w/w, and 3.6 ± 

0.4% w/w, respectively.

Discussion

It is well known that amorphous lactose is an unstable form 

of lactose that changes into the more stable crystalline lac-

tose, and some of the conditions that affect this process 

have been identified (17). In previous studies, however, there 

have been misidentified changes in the anomeric composi-

tion of specific samples of lactose that have been incorrectly 

described as polymorphic changes (18, 19). In addition, the 

monitoring of the anomeric interconversion of lactose and 

the presence of different forms during compression have 

also been neglected; issues with caking could be minimized if 

such aspects were investigated (19). 

The aim of this study was to investigate the effects of 

high temperature and humidity conditions on the anomeric 

composition of lactose powders, using H1 NMR. This 

method requires the solid lactose samples to be dissolved 

in solutions of DMSO prior to analysis. It is important 

to establish that mutarotation within these solutions is 

minimized for the length of the NMR experiment (1, 7, 20).  

Previous work by the authors has shown that mutarotation 

of lactose is inhibited for up to 20 min in DMSO due to the 

aprotic characteristics of the solvent (1). Accordingly, all 

spectra were derived within this timeframe. The analysis 

carried out has allowed the unambiguous determination of 

the anomeric content of lactose samples before and after 

storage under high stress conditions (21).

In this study, the anomeric content of α-lactose has 

been shown to be stable even when stored under such 

extreme ambient condit ions, when water sorption 

might be expected to occur (12). It has been reported 
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Figure 6: α-lactose content of α-lactose (n=3) and 

β-lactose (n=6*) samples stored for up to one week 

at 40 °C and 93% relative humidity (RH). The blue 

trace represents the %α anomer content of ‘α-lactose 

monohydrate’ and the red trace shows the α-lactose 

content in the ‘β-lactose’ samples. 

*n=4 at day 3 due to instrumental error.  

**Error bars calculated using standard deviation.
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thermogram and summary (n=6) of α-lactose 
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β-lactose after the seven-day incubation period (±SD). 

The confidence interval at 95% is: 1a1.3 1b19.3 2a17.2   
2b2.3 3a5.8 3b13.8

previously that, in solution, the anomeric content of 

lactose equilibrates at approximately 37% α-lactose : 63% 

β-lactose (1, 7). Moreover, a study by Lefort et al. using 

non-crystalline lactose suggested that the anomeric ratio 

equilibrium in solid state is different from the equilibrium 

that occurs in solution, for example, when heated (up to 

160 °C) samples of solid amorphous lactose were found 

to undergo mutarotation and equilibrate at 50% α-lactose 

: 50% β-lactose (22). In the same study, crystalline lactose 

was shown not to display mutarotation (22), but these 

experiments were conducted under low and uncontrolled 

humidity conditions. 

The current study established that the α-lactose sample 

maintained its original anomeric content under the 

predetermined extreme conditions, whereas the β-lactose 

did not. Initially, it was assumed that there would be no 

change in composition of either sample, as lactose powders 

have been previously considered chemically stable (11). The 

hypothesis to account for the transformation that occurred 

in β-lactose is that the water vapour in the immediate 

surroundings of the lactose sample condensed and pooled 

on the surface of the powder mass, thereby creating a 

saturated solution, which resides on the particles’ surface. 

In this saturated solution, the anomeric composition would 

be expected to approach the equilibrium state observed in 

aqueous solution. 

The proposed mechanism is that β-lactose present in 

the saturated solution is converted to α-lactose, which in 

turn recrystallizes into the α-lactose monohydrate form.  

The removal of the α-lactose from the solution present in 

the surface “pools” induces more β-lactose conversion 

within this solution to the α-lactose form to approach and 

maintain the equilibrium. This mechanism, catalyzed by the 

storage conditions, might be expected to continue until an 

equilibrium between the two anomers is established, which 

is representative of the ratio found in solution.

The data show, interestingly, that β-lactose content 

reached a %w/w of ~50%, which is significantly lower than 

the β-lactose content at equilibrium in solution at 40 °C 

that was reported by Jawad et al. to be approximately 63% 

(1, 7). The aqueous solubility of α-lactose monohydrate is 

significantly less than the β-lactose form, and hence more 

β-lactose would be expected to dissolve and convert to 

α-lactose than the obverse, resulting in a powder with a 

higher solid-state concentration of the α-lactose anomer. 

DSC analyses of lactose samples were carried out in support 

of this hypothesis. The thermogram of α-lactose monohydrate 

was found to exhibit a water-loss peak at approximately 140 °C, 

as reported previously in literature (23). This characteristic 

peak was used to determine whether β-lactose converts to 

α-lactose monohydrate or anhydrous α-lactose. According to 

the DSC analysis, the incubated β-lactose sample produced 

an endothermic peak that is indicative of water loss from 

α-lactose monohydrate. The peak shape was also not as sharp 

as that obtained from the α-lactose monohydrate, but this 

observation might have been attributable to the differences 

in the packing of the powder within the DSC pans. This 

non-uniform packing might have been expected to induce 

water loss in a less uniform fashion than for the α-lactose 

monohydrate sample. Additionally, the calculated % weight 

loss in the incubated β-lactose is indicative of water loss from 

that proportion of the β-anomer that has been converted to 

α-lactose monohydrate. Therefore, these findings appear to 
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support the original hypothesis that β-lactose is converted 

to the α anomer, which in turn interacts with the surrounding 

humidity to form more crystalline α-lactose monohydrate. Such 

results concur with those reported previously, where semi 

amorphous mixtures containing both α-lactose and β-lactose 

showed an increase in the formation of α-lactose monohydrate 

with increasing RH (24).

The consequence of such a hypothesis is that, at the point 

when equilibrium might have been expected to have been 

established in solution (i.e., at 63% β anomer : 37% α anomer), 

some of the α anomer in solution may have been converted to 

the crystalline (solid) hydrate. This conversion might hinder the 

equilibration process and result in the situation where the β 

anomer continues to undergo mutarotation, resulting in a higher 

α content than expected (see Equations 2 and 3). Alternatively, 

the interaction of lactose with water resulted in a saturated 

solution where the β lactose content, which was changing to 

α-lactose, remained constant through the dissolution of more 

β lactose. The reaction would, therefore, appear to follow a 

pseudo zero-order mechanism (Equation 3), despite zero-order 

models being applicable to solutions only. The mechanisms are 

summarized in the equations below:

Proposed mechanism of lactose reaction.

β
(s,cry)

 ֕ β
(aq,sat)

 ֕ α
(aq,sat)

 + H
2
O J αt)

2
O

(s) 
[Eq. 2]

The integrated form of the zero order linear equation.

[β]=–kt+[β䙱材� � [Eq. 3]

In the pseudo zero-order rate equation (Equation 3), k is the 

rate constant, t is time, and [β]ο is the initial concentration of 

β lactose. Using Equation 3 on the data displayed in Figure 6, 

the rate constant is 4.7% β-lactose per day and the half-life is 

9.1 days. It should be appreciated that equilibrium has not been 

observed in this study, and thus the kinetics of the reaction 

may appear to be of zero order before the reaction starts to 

approach equilibrium. Therefore, the reaction should be referred 

to “pseudo” zero-order; the half-life quoted is based on the 

assumption that the reaction follows the proposed mechanism.

Conclusion

The effect of the storage conditions on the anomeric stability 

of crystalline lactose was investigated by NMR to determine 

unambiguously the anomeric ratio of two different lactose 

powders. No significant change in the anomeric content of 

the α-lactose monohydrate powder was detected. In con-

trast, samples with a high β-lactose content showed a sig-

nificant increase in α-lactose content at high-stress condi-

tions. The kinetics of the change in the anomeric content of 

β-lactose, where β-lactose was converted to the α anomer, 

resembles a “pseudo” zero-order kinetic model with a half-

life (t
1/2

) of 9.1 days. In addition, the results from DSC experi-

ments supported the hypothesis that the β-lactose is con-

verted into the monohydrate form of α-lactose, because the 

thermograms of the β-lactose-containing samples exhibited 

a sharp water loss peak at a temperature corresponding to 

that obtained from α-lactose monohydrate powder samples.

It was demonstrated that the conditions under which 

lactose is stored can greatly change the anomeric ratio that, in 

turn, might alter the efficiency of its use in the pharmaceutical 

industry (1, 3, 9, 25). Excipients that are shipped internationally 

in bulk, may experience exposure to spikes in relative humidity 

and temperature in transit. Long-term storage of medicines 

in unsuitable environments (e.g., bathroom cabinets) by the 

patient may expose lactose-containing products (e.g., dry 

powder inhalers, capsule, and tablets), which might affect not 

only the API, but also the lactose used as an excipient. The 

reproducibility and long-term efficacy of lactose-containing 

medicines is reliant on maintaining the anomeric content of 

the lactose therein at a constant ratio (3, 9). Therefore, it is 

recommended that the anomer composition of lactose should 

be monitored as a function of time to assess the potential 

impact on the overall stability of medicinal products. 

Future studies will draw upon the practices of the 

pharmaceutical market/industry and investigate the 

conditions at which lactose is stored and handled throughout 

its production and subsequent integration into medicines. 

Further work and future publications will support and build on 

the findings reported here, by investigating the epimerization 

kinetics of lactose over a range of humidities and temperatures.
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Facility modernization can be a complex and difficult process 

even under the best of circumstances, but when one factors 

in the global regulatory hurdles in pharmaceutical manufacturing, 

the challenges are significantly greater. However, the reality of 

aging facilities that must be maintained in a state that is reliable, 

efficient, and compliant with current good manufacturing 

practice cannot be avoided. Successful implementation of change 

must be executed with a good understanding of the challenges 

associated with introducing new technology and an execution 

strategy that proactively achieves strategic outcomes.

Obstacles to new 
technology implementation
In an industry-wide survey of the life-sciences sector, conducted 

by DME in partnership with INTERPHEX, DME Facility Focus (1), 

industry insiders—those in engineering and operations roles—

were asked what they believed was the biggest obstacle to the 

adoption of new technologies for facility modernization. The majority 

(62% of respondents) indicated that regulatory challenges were 

their biggest concerns—34% indicated that process validation 

requirements were the biggest obstacle, and 28% cited regulatory 

acceptance. The remaining survey participants cited the biggest 

obstacle as process development requirements (18%), lack of 

industry standards (12%), and insecure vendor supply chain (5%).  

Those with “other” responses (4%) most frequently indicated their 

belief that general industry conservatism is the biggest obstacle.  

This finding is consistent with a recent survey by the Parenteral 

Drug Association (PDA), which reportedly suggested, among other 

things, “that product-related post-approval changes (PACs), and the 

time and investment that they require, are stifling conversion to new 

technologies or methods” (2). In response, PDA established a task 

force (PAC iAM) to seek comprehensive post-approval change reform, 

focusing on the global regulatory challenges. As group members 

noted in an op-ed published in the August 2016 edition of PDA Letter, 

these challenges “create a disincentive—albeit unintentional—for 

David M. Marks, P.E. 

is the president of DME, 

an engineering design 

and consulting firm that 

specializes in solutions for 

advanced technology facilities 

in the life sciences industry, 

www.DMEforLife.com.

manufacturers to integrate growing 

product and process knowledge, 

continually improve, or innovate 

technologies” (3).  In their public call 

to action, the taskforce went on to 

link the current post-approval change 

environment to drug shortages and 

deferred process improvement, 

writing, “In order to avoid the 

burden of implementing changes 

in such a complex environment, 

many [manufacturers] find it 

easier to postpone improvements 

to facilities, processes, and 

analytics, or simply refrain from 

planning advancements at all.”

Industry insights
While PDA focuses on systemic 

change through a global forum 

and their regulatory harmonization 

efforts, manufacturers still need 

to deal with aging facilities in the 

here and now. The DME Facility 

Focus survey provided further 

insights into how manufacturers 

are coping with these challenges. 

When asked what new 

technologies they have introduced 

as part of a facility modernization 

project, ranked from most common 

to least common technology, 

participants responded as follows:

t� Process automation

t� Single-use/disposables

t� Clean-in-place (CIP) improvement

t� Continuous manufacturing

t� Modular construction.

As shown in Figure 1, these 

trends generally held true even 

when broken down by industry 

cohort.  The lone exception is 

single-use technology, which is 

far more commonly implemented 

in biologics manufacturing 

than chemical synthesis.

The most common technologies 

implemented likely correspond to 

post-approval changes that yield the 

greatest advantage and are easiest 

to implement. There is a strong 

case to be made that the most 

frequent type of change, process 

automation upgrades, will improve 

product quality, particularly when 

the operations being automated 

were originally manual. In many 

instances, it’s relatively easy to 

demonstrate that process automation 

changes will not adversely affect 

the manufacturing process. In 
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Facility Modernization

addition, the DME survey found 

that aging automation drives 11% of 

equipment obsolescence issues in 

legacy equipment (1). Automation 

can also be a key component in 

the corrective action addressing 

manufacturing deviations.  

The second most common 

technology, single-use, has garnered 

a lot of attention in recent years 

as manufacturers explore the 

potential for bioprocessing with a 

completely disposable wetted path.  

Such facilities could potentially 

do away with expensive utility 

systems associated with cleaning, 

and they promise less reliance on 

cleanroom environments for process 

segregation. These initiatives, 

however, require a purpose-built 

facility and a significant commitment 

to process development within 

the single-use framework and are, 

therefore, more useful as a platform 

for new products in the pipeline. The 

prevalence of single-use technology 

in facility modernization projects is 

most likely limited to the replacement 

of specific unit operations and 

procedures within traditional facilities 

with predominately stainless-steel 

equipment. The replacement of a 

sampling system on a stainless-steel 

process vessel with a disposable 

sample assembly is a good example 

of the kind of process change that can 

yield a significant improvement with 

a reasonable post-approval change 

effort. Similarly, manufacturers have 

adopted single-use bag systems for 

supporting operations such as buffer 

preparation and hold vessels without 

disrupting the primary unit operations 

that are processing product.  

The survey findings suggest that 

manufacturers choose to selectively 

introduce new technology in aging 

facilities where the potential benefits 

significantly outweigh the pain 

points (e.g., total cost and risk due 

to many aspects of implementing a 

change). In legacy facilities, a new 

technology is strategically adopted in 

areas that yield the greatest benefit 

and where it is relatively easy to 

demonstrate that the change will not 

adversely affect product quality.

Drivers for renovation
Considering the PAC iAM task group’s 

conclusion that the complexity of 

post-approval changes discourages 

facility improvements, it is instructive 

to examine the most common 

drivers for the introduction of 

new technology within legacy 

pharmaceutical facilities. When asked 

to rank the frequency of risk-based 

drivers for GMP facility renovations, 

respondents clearly identified product 

quality and regulatory compliance as 

dominant concerns. The survey also 

found that internal assessments of 

facility and equipment compliance 

are most frequently triggered by 

manufacturing deviations (58%) (1). 

These responses suggest that a 

reactive approach to modernization is 

typical in the pharmaceutical industry. 

The ensuing corrective action and 

preventive action (CAPA) process 

after manufacturing deviations 

requires the implementation of 

corrective action, which presumably 

mandates facility improvements 

in some circumstances. CAPA is 

clearly the worst possible driver 

for facility improvement because 

changes are forced irrespective 

of the disruption to scheduled 

manufacturing, and a failure to 

follow through in a timely manner 

can result in regulatory action.

The second most common driver 

for GMP assessments is opportunistic 

(55%), executed as part of planning 

for a GMP renovation driven by 

other factors, which suggests a path 

forward to a more proactive approach 

to facility improvements. Given 

the high pain threshold required to 

implement post-approval changes, 

there are many factors that must 

accumulate before improvements 

can be justified. These include both 

risk-based factors (e.g., compliance, 

safety, obsolescence, reliability) and 

opportunity-based factors (e.g., new 

products, increasing throughput, 

improved flexibility, reduced costs, 

better sustainability). When product 

quality and patient safety are at 

stake, manufacturers are required 

to take action immediately. But 

manufacturers can introduce new 

technology in a more controlled 

and comprehensive way if they 

piggyback risk-reduction and 

GMP improvements on projects 

that are primarily driven by 

opportunity-based factors.  
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What new technologies have you introduced as part of a
facility modernization project?

Consultant

Process
automation

Single-use /
disposables

Continuous
manufacturing

Clean-in-place
improvement

Modular
construction

19%

30%
34%

30%

48%
54%

44%

30%
34%

19%
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70%
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Biologics manufacturer Small molecule manufacturer

Figure 1: New technologies used in facility modernization. 
Results from the DME Facility Focus survey (1).
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Serialization and traceability have been discussed for so long in the 

pharma industry that it’s easy to forget the fact that the concepts 

have been with us for 15 years now. In the early 2000s, efforts to 

secure the supply chain in Florida first brought the term “e-Pedigree” 

into pharma’s everyday vocabulary. 

So far, more than 40 countries around the world have set standards 

and deadlines for item-level pharmaceutical serialization and 

traceability, and two to three countries join this list each year. By 

November 2017, the US Drug Supply Chain Safety Act (DSCSA) requires 

that all pharmaceutical manufacturers serialize products down to the 

item level, including a product identifier on labels and cases, as well 

as information on product transactions as the product makes its way 

through the supply chain. Most larger pharmaceutical companies 

are well-prepared for the deadline, and successful pilot programmes 

(see Sidebar, p. 40) have shown that manufacturers and distributors 

can synchronize operations and exchange the data required to make 

traceability possible.

Not all companies are ready, however. In December 2016, a survey 

of more than 331 industry professionals sponsored by TraceLink and 

designed to be a snapshot of industry’s efforts (see Sidebar, p. 41) 

found that 19% of pharma companies, 11% of distributors, and 9% 

of dispensers still haven’t begun to address requirements, while 

only 24% of pharmaceutical manufacturers say that their contract 

manufacturing organizations (CMOs) will be ready for the deadline (1).  

This lagging response is likely due to a combination of factors. 

Most of the companies that aren’t prepared are small to mid-sized 

companies, says Bruce Bleiman, Systech International’s global senior 

vice-president of sales, and many of them were not exposed to 

serialization concepts in the earliest stages of the industry’s efforts.  

Misunderstanding serialization
Even if these companies did have some understanding of the 

concepts involved, many viewed serialization as a limited, packaging 

project rather than the far-ranging multifunctional effort it is, notes 

Agnes Shanley

Paul DuPont, vice-president of 

marketing with Ropack Pharma 

Solutions, a contract development 

and manufacturing organization 

(CDMO) based in Montreal, Canada.  

In addition, compliance deadlines for 

past serialization programmes (notably 

California’s) were extended and some 

companies may have questioned 

why they should invest in something 

that, in the end, might not be 

required, says Shabbir Dahod, CEO of 

TraceLink, which offers Life Sciences 

Cloud, a cloud-based solution for 

pharmaceutical serialization. 

Even companies that have invested 

heavily in serialization have been 

surprised by the level of commitment 

required. First, there are capital costs, 

which tend to run approximately 

€189,420–284,131 (US$200,000–

300,000) per packaging line. But 

beyond that is the complexity of data 

integration, notes Dahod, especially 

with CMOs and customers, and the 

networking and data exchange aspects 

of serialization.

Dealing with complexity
Complexity already defines the 

pharmaceutical supply chain and 

the relationships within it, he says. 

This was clear in the TraceLink 

survey results. Pharmaceutical 

manufacturers may say that they do 

most of their business with the “Big 

Three” pharmaceutical distributors 

(McKesson, AmerisourceBergen, and 

Cardinal Health), says Dahod, but, in 

reality, they have more customers 

and different relationships, and 

use different delivery models (e.g., 

drop ships or special orders) with 

each one. Pharmaceutical company 

professionals who responded to the 

survey said that more than 40% of 

their business transactions are with 

customers other than the Big Three; 

25% of pharmaceutical manufacturers 

had more than 10,000 customers, 

while 31% had between 500 and 

10,000. In addition, 29% sell directly 

to hospitals and pharmacies. 

Not only must companies deal 

with individual product transaction 

histories, says Dahod, but, as they 

bring CMOs and internal packaging 

lines on board, the number of 

business and operational processes 

they must integrate with, both 
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number of companies still don’t have a serialization plan 

in place. New programmes aim to get them compliant in time.



With the largest network of harmonized bio/pharmaceutical 

GMP product testing labs worldwide, Eurofins BioPharma 

Product Testing is everywhere you are. 

While delivering a true local lab experience, our 

international presence ensures personal quality service 

backed by a unique global breadth of harmonized 

capabilities to solve all your testing challenges. 

For the most complete range of global testing services, 

harmonized quality systems and LIMS, you’ll never 

need to look further than your own backyard.

Chemistry/Biochemistry

Cell Banking Services

Facility & Process Validation

GMP Manufacturing

Method Development & Validation

Microbiology

Molecular & Cell Biology

Raw Materials Testing

Release Testing

Stability Testing & Storage

Viral Clearance & Viral Safety

Professional Scientific Services®

Services

Australia

Belgium

Canada

Denmark

France

Germany

Ireland

Italy 

Netherlands

Spain 

Sweden 

UK

US

Facilities

www.eurofins.com/biopharma

BioPharma

Product Testing

Right In Your Backyard.

The Largest Global

Footprint of Harmonized

Testing Labs...



Track and Trace

internally and externally, increases 

dramatically. “Ten to twenty thousand 

times the amount of information 

must now be exchanged, and 

floated forward to wholesalers and 

hospitals,” he says.

Companies that have made the 

effort, however, are seeing results. 

“Where, in the past, maybe less 

than 5% of their customers were 

integrated digitally, they are now 

connected with all of them. For 

some companies, that means tens of 

thousands of connections, promising 

more efficient information exchange, 

better systems integration and fewer 

errors,” says Dahod. 

No short-term results
Making those connections puts 

companies in a position where they 

can see the potential for return on 

investment. “This effort requires end-

to-end thinking, from packaging all 

the way through to our customers,” 

says Mike Rose, vice-president of 

supply chain visibility with Johnson 

& Johnson Supply Chain (JJSC). “The 

reward is improved visibility that will 

help ensure that our patients receive 

genuine product,” he says.

Some of TraceLink’s original 

customers are just beginning to see, 

and leverage, this potential (e.g., with 

Secure Chain, a product designed 

to provide closed loop end-to-end 

traceability for serialized product, 

within specific supply chain segments). 

TraceLink has also been working 

with pharma companies to develop 

consumer-based authentication 

solutions, and software that would 

mine event data to better manage 

inventory. “In 2018, when large 

volumes of serialized product are out 

there, we expect to see more of these 

types of applications,” says Dahod.

But, in the meantime, how can 

unprepared companies be ready 

by November 2017? “The serialized 

mandate is approaching fast. 

Using the conventional approach, 

not everyone will be able to be 

ready in time,” says DuPont. “One 

of the harsh market realities is 

that there is a limited number of 

hardware providers out there to help 

companies who are just starting to 

put their serialization programmes 

together.”  

DuPont notes that some CMOs, 

even those who partner with large 

pharma companies that have 

advanced serialization programmes 

in place, won’t be ready for the 

deadline. For pharmaceutical 

companies and CMOs, he notes, 

the highest hurdles are buying and 

installing the hardware, especially 

given demand for services as 

the deadline approaches. Others 

are internal testing (investing in 

and installing software and data 

management tools), and managing 

different requirements at each 

location.  

Accelerated compliance
To help companies become compliant 

by the DSCSA deadline, a number of 

solutions providers are now offering 

accelerated compliance programmes. 

In late January 2017, Systech 

International launched “Serialized 

by November,” a programme 

involving its long-standing equipment 

partners, which include Omega, LSI 

by ID Technology, UPAK by Ultimate 

Solutions, Etipack, and Inno4Life. The 

programme compresses the process 

into 90 business days, with the 

initial phase (kickoff discussion, data 

collection, and software shipment) 

taking two weeks; the design phase 

(involving integration drawings, 

documentation, validation and 

hardware shipment) taking six weeks; 

implementation, including factory and 

site acceptance tests (FAT and SAT) 

and startup, requiring four weeks; and 

project closure taking two weeks.

Fee-for-service approach
In late November of 2016, Ropack 

and TraceLink, together with the 

equipment specialist Optel, first 

announced the formation of the 

International Serialization Hub, 

which they plan to launch formally 

in the Spring of 2017, to help 

pharma companies comply with 

DSCSA serialization requirements 

by November 2017 (2). With this 

programme’s operating model, 

DuPont explains, companies send 

Testing GS1’s EPCIS Standards in the Real World

In 2016, the pharmaceutical manufacturer Johnson & Johnson 

Supply Chain (JJSC) and the distributor AmerisourceBergen 

launched a four-week pilot programme to test GS1’s EPCIS stan-

dards and to see how effectively data could be transferred be-

tween the two partners. JJSC has been working on serialization 

for some time, and began shipping serialized product back in 

2012, so both companies were fully connected, in terms of their 

IT, and they could try this approach with serialized product. The 

test simulated the real-world supply chain. 

A DataMatrix barcode was applied containing a serialized 

global trade item number (GTIN), batch and lot number, and 

expiration data for each sellable unit (whether bottle, vial, or 

blister), and the units were packed into cases and loaded onto 

pallets, while downstream vision systems and scanners read the 

barcode to capture all the information. EPCIS recorded events 

associated with the GTIN, so that AmerisourceBergen could con-

firm receipt of each item sent by JJSC, automatically. 

Results showed not only the viability of this approach, but 

its potential power. “It’s like electronic data interchange (EDI) 

on steroids,” says Mike Rose, vice-president, supply chain vis-

ibility at JJSC. “Over time, supply chain partners will be able 

to exchange a lot of critical data for additional value,” he says. 

The pilot ensured that all processes, from plant to warehouse 

and distribution channel to docks, were tracked. “It forced us to 

test all processes along with way. We got confirmation from our 

partner that everything fed back to them, from plant to distribu-

tion center, and that they were receiving relevant process data.” 

Rose expects to see return on investment in terms of improved 

inventory management and transparency in the future. “But for 

now, our focus remains on the patient first,” he says. 
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product to Ropack, which will 

take it and serialize at the unit 

of sale (whether item, carton, or 

pallet), and then send it on to its 

destination. It’s a simple, fee-for-

service approach, he says, and can 

work with any data management 

platform. For companies that already 

use TraceLink’s solution, however, 

the costs will be much lower and the 

timeframes, shorter. 

The service would be offered, but 

not limited to, Ropack’s existing client 

base. As DuPont explains, the idea 

for the programme came from a large 

pharma client that had serialized, 

but still could not get one of its 

50-year-old plants ready for DSCSA 

serialization.

For Ropack, investment in the 

programme reflects the reality that 

serialization is no longer ‘nice to 

have,’ but a mandated regulatory 

compliance platform. “Serialization 

has become like validation was 

15–20 years ago,” says DuPont. Of 

course, DSCSA mandates are only 

one facet of the global serialization 

requirements that pharma companies 

now face.  Accelerated programmes 

may not be a long-term solution, 

but at least they may help resource-

strapped companies achieve basic 

compliance in time for the deadline.  
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Speed Bumps on the Road

In December 2016, TraceLink and the market research firm 

Actionable Research released results of the first Global Drug 

Supply, Safety, and Traceability Report (1). The study surveyed 331 

professionals from pharmaceutical manufacturers, wholesalers, 

pharmacies, and hospital pharmacies, to better understand issues 

and compliance trends at the lot level to get a more realistic picture 

of gaps in readiness, and the challenges that face pharmaceutical 

companies, distributors, and dispensers of all sizes in realizing full 

product traceability. 

Half of the pharmaceutical companies that responded to 

the survey expect to comply with electronic data transfer 

requirements within six months of the November 2017 deadline, 

and 54% describe themselves as well-prepared for serialization. 

However, 19% of companies say they have not begun to address 

requirement, and only 24% say that their contract manufacturing 

organization (CMO) partners will be ready.  

Respondents from pharmaceutical companies said that they 

underestimated the complexity of implementation, the total cost of 

IT upgrades required, and the overall impact that implementation 

can have on business. Customers at the dispenser level complain 

that the documentation needed for compliance is often missing 

from products that they buy directly from manufacturers. In 

their dealings with drug distributors, dispensers fear that their 

electronic data, which are now accessible via distributor portals, 

may not be available if they change distributors.

The following highlights from the research emphasize the data 

integration challenges inherent in serialization:

t� Roughly 37% of pharmaceutical companies bought a 

solution specifically designed to help with lot-level 

compliance, while 33% modified an existing third-party 

business system, 28% have implemented a manual process, 

and 20% have developed customized solutions.

t� Twelve percent of T3s (data required for serialization, which 

include transaction statements and history as well as 

product information, e.g., lot number) are being handled 

via a portal, 30% on paper, and 58% electronically. Seventy-

one percent say that customers cannot handle electronic 

transaction types, but 21% say that they are not prepared 

to handle them. 

t� In cases where pharmaceutical manufacturers sell directly 

to dispensers, 27% of respondents from retail pharmacies 

and 5% of respondents from hospitals say that they do not 

receive any compliance documentation when they purchase 

directly from the manufacturer.

t� Eighty-three percent of pharma company respondents say 

they understand the US Drug Supply Chain Security Act  

(DSCA ) requirements, 70% say they can handle the scale 

and volume of data, and 67% say that responsibilities for 

serialization have been made clear within their companies. 

t� Where companies say they are not fully meeting 

requirements, 50% describe needing more dedicated 

resources, while 40% are concerned about customer 

connectivity.

t� Fifty-four percent of pharmaceutical companies found that 

they had to modify systems to accommodate a customer 

request, but 16% reported being unable to make those 

changes.

t� Twenty-six percent of pharmaceutical companies 

experienced an increase in bad or incorrect data exceptions 

as a result of the requirements. 

Clearly, serialization challenges remain, but at least more 

companies “know that they don’t know,” and are networking and 

learning from their peers from pilot tests and implementations to 

figure out what to do next. 
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The new ISPE Containment Manual is a summary 

of the process involved in the manufacture of highly 

active or highly hazardous pharmaceutical substances.

Understanding 
Containment

The manufacture of highly active or highly 

hazardous pharmaceutical substances involves 

a complex interplay between the required threshold 

values, such as the permitted daily exposure (PDE), 

which is used to calculate the occupational exposure 

limit (OEL) and the maximum carry-over from one 

product to the next. In addition to these threshold 

values, a risk assessment of the overall process 

and the associated containment transfer systems, 

cleaning, and staff training are also important. An 

account of this complex interplay and how it can be 

successfully implemented has now been published 

in the first edition of the International Society for 

Pharmaceutical Engineering (ISPE) Containment 

Manual (1). 

A group of experts came together in 2008 to 

establish an ISPE Community of Practice (CoP) in 

Germany, Switzerland, and Austria (DACH), which 

laid the foundation for a comprehensive document 

about containment. After almost six years of 

intensive collaboration, with numerous meetings, 

working group sessions, workshops, and reviews by 

industry, the Containment Manual was presented and 

distributed to participants at the ISPE Containment 

Workshop in Germany in November 2015. 

The Containment Manual is the most 

comprehensive document to date on the topic of 

containment, and it comprises an introduction 

followed by 10 different chapters that cover the 

principles of containment, risk assessment, the 

lifecycles of containment solutions, process 

requirements from API manufacturing to the 

packaged tablet, technical systems such as isolators, 

secondary containment, filter systems, occupational 

hygiene validation, cleaning/waste treatment, and 

staff training. Selected chapters are outlined in the 

following.

Principles of containment
How are OELs calculated? The chapter entitled 

“Fundamental Considerations” focuses on defining 

the relevant terms. From establishing the critical 

effect to establishing the no observed effect level 

(NOEL), which is then used to calculate the acceptable 

daily exposure (ADE) or, in accordance with the new 

EU GMP guideline for shared facilities (2), the PDE.

The relationship between the ADE/PDE and the OEL 

can also be seen in the containment pyramid (see 

Figure 1). Along with the OEL, the ADE/PDE is used 

to calculate threshold values for cleaning residues 

and for product carry-over from one substance to the 

next. The threshold values calculated using the PDE 

also replace, in Europe, the 10 ppm and the 1/1000 of 

the daily dose criteria previously applied (2).

A further point relating to the principles of 

containment is the distinction between primary and 

secondary containment. Primary containment refers 

to all of those technologies that enclose the substance 

and prevent it from spreading. Examples of this 

include isolators and endless liner systems. Secondary 

containment, on the other hand, involves preventing 

any further spreading of the substance that could not 

be held back through primary containment.

Risk assessment
Every planning process begins with a risk assessment, 

which takes the overall manufacturing process into 

account, from delivery of the API to the finished and 

packaged pharmaceutical product. The procedure 

involves assessing the risks that may arise and the 

extent of the immediate hazard for users and the 

environment. In addition to the immediate hazard 

associated with product transfer systems, cleaning, 

maintenance, and repair should also be taken into 

account. During cleaning, for example, it must be 

noted that dust exposure is possible when opening 

containment or process systems at critical points. 

Maintenance work, for its part, involves the risk of 

visible product deposits being left on shaft seals when 

parts are disassembled, for example. As part of the 

risk assessment, all experienced individuals who are 

familiar with the manufacturing process should sit 

together with suppliers to discuss critical areas, risk 

reduction, and risk acceptance.

The lifecycle of containment solutions
The lifecycle of a containment installation does 

not end when it goes into operation—it is only 
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Troubleshooting

just beginning. More precisely, the 

lifecycle starts with the planning 

process for manufacturing a 

highly active or highly hazardous 

pharmaceutical product, together 

with its specifications, and ends with 

decommissioning. There may be a 

significant period of time in between, 

during which the containment 

installation and its safety function 

will need to keep pace with the 

relevant requirements. One of 

the most significant factors for 

ensuring compliance is maintenance 

and repair. Consumables used in 

pharmaceutical manufacturing are 

subject to a constant process of wear, 

and this wear can vary according to 

process, frequency, and product. 

Based on these requirements, it 

can be necessary to shorten the 

inspection and maintenance intervals. 

Ideally, the OEL measured on the 

installation (referred to as the DEL, 

or “design exposure limit”) should be 

significantly below the required OEL. 

It is, in any case, essential to note the 

point in time at which the first effect 

level is reached, or alternatively to 

ensure that this does not occur. The 

first effect level is reached when 

the DEL becomes very close to the 

required OEL. Maintenance plans 

and instructions help to secure the 

lifecycle of the containment.

Process requirements
As a rule, the processes involved in 

API manufacturing or pharmaceutical 

formulation are considered to be 

closed and hence safe. There are, 

however, several important points 

to take into account when it comes 

to planning functioning process 

containment. One of these is product 

residue, as shown in the following 

example.

A high shear mixer is a process 

device that is closed while the 

product being manufactured is 

processed. It must be noted, 

however, that this technology is not 

completely self-emptying. It may 

be necessary to open the system 

to remove (potentially expensive) 

product residues from surfaces and 

make them available for further 

processing. These systems also 

have shaft feedthroughs from the 

exterior to the interior, and these 

feedthroughs are subject to wear, 

even when equipped with the best 

seals and air flushing. In particular, 

when the product is abrasive and 

friction against the seal is intensified 

by the rotation of the mixing paddle, 

product may be carried over into the 

seal. Inerting with a noble gas can 

also result in residue. Flushing the 

gas with low pressure can result in 

air turbulence at the point where the 

gas enters into the process, making 

it possible for product dust to be 

deposited in the gas pipe against the 

direction of flow. 

Technical systems
In addition to describing the functions 

of the individual process systems, 

the Containment Manual also lists 

the possible technical containment 

systems that can be used for this 

process together with the critical 

areas to be considered in each case. 

The term “containment” primarily 

refers to product transfer systems 

such as isolators. These technical 

systems are intended to ensure that 

highly active or highly hazardous 

substances do not escape. Further 

product transfer systems include 

double valve systems, film connection 

systems, endless liner systems, 

rapid transfer ports (RTPs), film 

isolators, and various others. All 

of these systems have their merits 

and are used in the pharmaceutical 

manufacturing of highly active or 

highly hazardous substances. 

Isolators are undoubtedly the most 

frequently used form of containment 

system. They can be put to various 

different uses and can achieve a high 

level of containment down to the low 

nanogram range. Achieving this result 

in the low nanogram range, however, 

Figure 1: The containment classification pyramid compares occupational exposure limit (OEL), occupational 

exposure band (OEB), permitted daily exposure (PDE), and accepted daily exposure (ADE).
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Troubleshooting

needs a significant amount of experience in isolator 

manufacture and design. Here, the glove port design and 

glass door seals also play an important role, in addition to 

hygienic design. Figure 2 shows an example of an isolator 

with high containment.

The filter technology used for inlet and outlet air is a 

further important factor. In many cases, bag in/bag out 

or push–push systems are used. With bag in/bag out 

systems, the low nanogram range cannot be reached due 

to technical limitations. While this is possible with push–

push filters, they are a concern from a GMP perspective, 

as they involve pushing the contaminated filter cartridge 

into the cleaned isolator. However carefully this procedure 

is carried out, the risk of contamination within the isolator 

cannot be ruled out, nor can the risk of contaminating the 

new filter. Isolated filter cartridges called “FiPa” are the 

better option in this regard. The FiPa, shown in Figure 

3, is constructed in a similar way to the isolator itself; it 

is completely sealed before use and is connected to the 

isolator in this state. Once the FiPa has been connected, 

the cover plate is opened from the outside into the 

isolator so that the contaminated air flows inwards and 

the dust is collected. Before the isolator is cleaned, the 

cover plate is closed to seal the highly active or highly 

hazardous substance within the filter housing. The 

FiPa is disconnected and disposed of once the cleaning 

process is complete. Sophisticated technical solutions are 

required to ensure that the low nanogram range can be 

reached in a secure installation.

Personnel
An essential factor in the success of a containment 

installation is the production team that operates the 

facility once it has been successfully commissioned. 

The production team should be selected at the early 

stages of planning and integrated into the decision-

making process. Intensive and recurring training 

during commissioning and the initial stages of routine 

production is significant when it comes to complying 

with the required OEL. 

Conclusion
The development and manufacture of highly active 

substances are becoming increasingly common. While 

in the past, these were primarily APIs and products in 

the pharmaceutical manufacturing of oral solid dosages, 

they are now also being used increasingly in biotech, 

such as in antibody drug conjugates. The Containment 

Manual will support those planning a new, high-potency 

API facility or modernizing an existing production 

facility.

References
1. ISPE Germany/Austria/Switzerland Affiliate, Containment 

Manual (ISPE, November 2015).

2. EMA, Guideline on Setting Health-Based Exposure Limits for Use 

in Risk Identification in the Manufacture of Different Medicinal 

Products in Shared Facilities (EMA, 20 Nov. 2014). PTE

Figure 2: Aseptic powder isolator designed for 

low nanogram-range occupational exposure limit 

requirements.

Figure 3: Isolated filter cartridges (FiPa) 

connected and opened.
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NEWCHECK OUT
PHARMACEUTICAL 

TECHNOLOGY’S ALL NEW

MARKET RESOURCE!

Pharma Marketplace is your online resource to connect 

with pharma manufacturing suppliers around the world. 

Find global suppliers and resources for:

 ❯ Analytical Instruments

 ❯ Chemicals, Excipients, Ingredients & API

 ❯ Contract Services

 ❯ Facility Design and Operations

 ❯ Laboratory Instruments, Equipment & Supplies

 ❯ Manufacturing, Processing Equipment & Supplies

 ❯ Aseptic/Sterile Processing

 ❯ Drug Delivery Technology

 ❯ Packaging Equipment & Accessories

 ❯ Information Technology

 ❯ Compliance & Validation

ADVANCING DEVELOPMENT AND MANUFACTURING

www.pharmtech.com/marketplace CONTACT US TODAY!



PRODUCT/SERVICE PROFILES

Flexible Manufacturing 

Solutions

Catalent combines more than 80 years’ 

manufacturing expertise, superior product 

quality assurance, and reliable supply, with 

a global network of facilities approved by 35 

regulatory agencies, to provide flexible 

commercial and clinical manufacturing 

solutions. As a collaborator and innovative 

solution provider, the company has 

supported more than half of all new 

molecular entities approved by the FDA in 

the last 10 years.

Producing over 70 billion doses annually, 

Catalent provides manufacturing expertise 

for oral, sterile, biologic, and inhaled dose 

forms for clients around the world. It has 

proven expertise in technology transfers 

and product launches, custom suite models, 

speciality handling (highly potent/DEA 

licenced compounds), and manufacturing 

technologies, leveraging its more than 30 

global facilities with the capacity to support 

a wide range of small and large-scale 

manufacturing requirements.

From a single, tailored solution, to 

multiple answers throughout a product’s 

lifecycle, Catalent can improve the total 

value of treatments — from discovery to 

market.

Catalent Pharma Solutions

www.catalent.com

solutions@catalent.com

A Facility Expansion  

Built to Meet Patient  

Needs Worldwide

The expanded facility in Halle/Westfalen, 

Germany was designed by Baxter in-house 

engineers with extensive experience in 

sterile manufacturing as an evolution of the 

reliable processes and equipment on-site. 

This includes new equipment combined 

with innovative disinfection systems and an 

optimized layout to improve efficiency, 

prevent contamination, and keep potential 

losses on the filling line to a minimum.

Extensive use of glass throughout the 

expansion area significantly improves 

visibility for workers and visitors to 

strengthen the applied LEAN philosophy. 

The result was to provide full services 

“under one roof” that facilitate short 

startup time and minimize transfer costs. 

The additional capacity reinforces Baxter 

BioPharma Solutions‘ leadership position 

as one of the largest capacity CMOs 

for lyophilized cytotoxic parenterals.

Baxter BioPharma Solutions

www.baxterbiopharmasolutions.com

baxterbiopharmasolutions@baxter.com

Capsugel: Enhanced 

Capabilities for Softgel 

Innovation

Soft and hard capsules for liquid and 

semi-solid formulations have been 

designed, developed, and manufactured at 

Capsugel’s state-of-the-art facility in 

Ploërmel, France for over two decades. 

With an annual production exceeding two 

billion softgel and liquid-filled hard capsules, 

it currently manufactures more than 25 

commercial products each year. Approved 

by accredited regulatory agencies around 

the world, including the US FDA, EMA, and 

ANVISA, the site also offers dedicated 

integrated development and transfer 

capabilities. 

As a leading global provider of innovative 

dosage forms and solutions, Capsugel has 

recently expanded the softgel capabilities 

at Ploërmel, offering advanced class C 

manufacturing for soft gelatin capsule 

products that require terminal sterilization, 

such as for ocular delivery applications. 

This further strengthens Ploërmel’s 

position as a centre of excellence for 

specialized softgel manufacturing, 

complementing its existing expertise 

in developing finished dosage forms for 

highly potent drugs and hormones.

Capsugel

www.capsugel.com/
biopharmaceuticals/commercial-
manufacturing/soft-gelatin-
capsule-manufacturing/

solutions.emea@capsugel.com
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GMP Laboratory Testing 

Services

Eurofins BioPharma Product Testing is the 

largest network of harmonized bio/

pharmaceutical GMP product testing 

laboratories worldwide providing 

comprehensive laboratory services for the 

world’s largest pharmaceutical, 

biopharmaceutical, and medical device 

companies.

Our service offerings are fully 

comprehensive and include testing of drug 

substance, final product, intermediates, and 

starting materials for both small- and 

large-molecule drug products.

With a global capacity of more than 

65,000 square meters and facilities located 

in Australia, Belgium, Canada, Denmark, 

France, Germany, Ireland, Italy, Netherlands, 

Spain, Sweden, UK, and the US, our network 

of GMP laboratories operates under the 

same strict quality procedures, LIMS, and 

centralized billing system across 25 

locations worldwide.

We give our clients the flexibility to 

choose from three unique service models to 

meet specific project needs, including the 

award-winning Professional Scientific 

Services® (PSS) and we also provide secure 

24-hour data access via our online data 

portal, LabAccess.comSM.

Eurofins BioPharma Product Testing

Eurofins.com/BioPharma

pharma@eurofins.com

PRODUCT/SERVICE PROFILES

Atropine/Atropine  

Sulfate API

Centroflora CMS currently markets its own 

Atropine and Atropine Sulfate as 

manufactured at two CMO locations:

t� A semi-synthetic source 

manufactured in Germany

t� A synthetic source 

manufactured in India.

Both sources adhere to the 

highest GMP quality standards and 

meet USP and EP requirements.

Centroflora CMS

www.centroflora-cms.com

info@centroflora-cms.com

Mixer-Granulators, Fluid Bed 

Dryers, Single Pot Systems, 

and Tablet Coaters

DIOSNA: More than 125 
years of experience, 
safety, and confidence
In 1885, Friedrich Dierks founded his fac-

tory for agricultural and dairy equipment. 

Today, Diosna is a well-known supplier 

of bakery and pharmaceutical equip-

ment with customers all over the world.

Mixer-granulators, fluid bed dryers, 

single pot systems, and tablet coat-

ers are essential Diosna components 

for our pharmaceutical clients.

The DIOSNA Benefits:
DIOSNA is the ideal partner for engineer-

ing and installation of your systems 

as well as for an efficient service:

t� More than 125 years of experience

t� Safety and reliability in 

operation and production

t� Innovative product development

t� Individual planning and performance

t� Technological perfection

t� Easy handling in practical applications

t� Service extending from concept

DIOSNA: Progress. 
Confidence. Leadership.

DIOSNA Dierks & Söhne GmbH

www.diosna.com 

info@diosna.de
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PRODUCT/SERVICE PROFILES

CombiLac

CombiLac® by Meggle
Direct compression is an innovative choice 

in pharmaceutical manufacturing, with 

lactose being one of the most commonly 

used excipients. Following increasing 

challenges in drug development, design and 

discovery of a new class of high-

functionality ingredients has gained 

attention for pharmaceutical and nutritional 

formulation development, co-processed 

excipients. 

During evolution of this new 

group of excipients, multi-component 

combinations have been the latest 

tendency. Their main benefits, besides 

multi-functionality are special applications, 

increased convenience, or simply to 

fulfill individual customer needs.

Meggle’s new ternary excipient, 

CombiLac® satisfies these requirements 

combining most frequently used 

excipients alpha-lactose monohydrate 

(70%), microcrystalline cellulose (MCC, 

20%) and white, native cornstarch (10%) 

by an unique particle design process. 

CombiLac®’s integrated particle 

morphology is spherical, generating 

excellent flow. Compaction performance 

of CombiLac® clearly outperforms the 

physical admixture. Its disintegration 

time is independent of tablet hardness 

and is therefore leading to more 

robustness in manufacture.

MEGGLE Excipients & Technology 

www.meggle-pharma.com

service.pharma@meggle.de

Fleboflex® Luer

Fleboflex® Luer. 
Needle free 
polypropylene bag

There is a need for 

needle free valve bags 

to provide safe handling 

during preparation of 

admixtures in 

pharmacies. 

Pharmacists, nurses, 

and physicians are 

particularly vulnerable 

to puncture and 

contamination during 

the process assuming 

health risk.

Fleboflex® Luer is the latest step to offer 

you a polypropylene bag, flexible and 

transparent, specially designed for the 

preparation, reconstitution, and 

administration of medications without using 

needles.

This access port has been specially 

designed with a safety valve that lets you 

connect a syringe to add or withdraw 

solution. The infusion port is a standard 

twist-off valve.

Available sizes: 50mL, 100mL, 250mL, 

500mL, 1000mL.

GRIFOLS

www.partnership.grifols.com

partnership@grifols.com

Supply Chain Solutions for 

the Life Sciences Industry

Marken is a wholly owned subsidiary of 

UPS.  Marken is the leading patient-centric 

supply chain organization 100% dedicated 

to the pharmaceutical and life-sciences 

industries. Marken maintains the leading 

position for Direct-to-Patient services and 

biological sample shipments and offers a 

state-of-the-art GMP-compliant depot 

network and logistic hubs in 45 locations 

worldwide for clinical trial material storage 

and distribution. Marken’s more than 680 

staff members manage 50,000 drug and 

biological shipments every month at all 

temperature ranges in more than 150 

countries.  Additional services such as 

biological kit production, ancillary material 

sourcing, storage and distribution, shipment 

lane verification and qualifications, as well 

as GDP, regulatory and compliance 

consultancy add to Marken’s unique 

position in the pharma and logistics 

industry.

Marken

www.marken.com

info@marken.com
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PRODUCT/SERVICE PROFILES

New LCMS-8045 Now 

Available on European 

Markets

Shimadzu has released a new member of 

the UFMS (Ultra-Fast Mass Spectrometry) 

family in Europe. The new LCMS-8045 offers 

an optimum balance of sensitivity, 

robustness, and cost-effectiveness to 

laboratories performing demanding routine 

quantitative analyses in areas such as food 

safety and environmental testing. Ultra-fast 

technologies improve data acquisition and 

ensure highly reproducible data even for the 

most complex matrices. Shimadzu’s 

LabSolutions software provides options to 

address specifi c customer requirements. In 

case of new challenges or applications 

requiring higher sensitivity, the LCMS-8045 

can be upgraded to the high-sensitivity 

LCMS-8060.

Shimadzu Europa GmbH

www.shimadzu.eu

shimadzu@shimadzu.eu

Sterile Disposable Garments

VAI’s sterile disposable garment lines meet 

the needs of any operation. Our garments are 

available in two fabric types that are 

constructed identically but cited for two 

different uses. Our 1600 line is composed of a 

non-woven SMS fabric that is comfortable, 

breathable, and has excellent bacterial 

fi ltration effi ciency. Our 1700 line is composed 

of a non-woven, MicroPorous coated material 

that is impervious, is low in particulates and 

shedding, and has excellent water repellence. 

Both lines come standard with elastic 

thumb loops, tunnelized elastic wrists and 

ankles, athletic styling, and a 5-year closed 

bag sterility assurance. Available garments 

include coveralls, hoods, frocks, boots, and 

sleeves.

VAI’s garments are folded in our 

patented Easy2Gown System®. Easy2Gown 

allows proper aseptic gowning to be an 

easy process instead of a routine challenge. 

The inside of the gown is presented to keep 

the sterile outside protected from the 

transfer of contamination during the 

gowning process.

Veltek Associates, Inc.

www.sterile.com 

vai@sterile.com
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ASK THE EXPERT

Siegfried Schmitt, PhD, Principal Consultant at PAREXEL, 

discusses how to mitigate risk in a global regulatory environment.

Q:During a recent inspection by the Chinese regulatory 

authority, we were informed that our quality system 

had not met all requirements of Chinese good manufacturing

practices (GMP). We export to many countries around the

world and regulatory compliance is of the utmost importance. 

Could you advise on how to mitigate future regulatory risk?

A:It is important to understand the nuances of each 

regulatory authority and take the appropriate steps to

fully abide by each set of standards. Some agencies wish to

see their regulations specifically stated in a company’s quality 

system, whereas others are satisfied with a generic statement 

(e.g., “we comply with all applicable laws and regulations in

the markets we operate in”) about compliance.

In addition to a generic statement, consider including a list 

of the regulations (e.g., 21 Code of Federal Regulations 210, 

211, and 820; EudraLex Volume 4 Part II) in your quality manualx

or similar high-level document. It’s unclear if the inspectors felt 

your company had not clarified within the quality management 

system (QMS) which regulations it knowingly complied with. 

Including a list of regulations will help ensure transparency.

It is also unclear whether your company assured compliance 

with all the country’s regulations and provided documented 

evidence. Inspectors often prefer organizations demonstrate 

compliance through established processes and documented 

evidence. All too often, companies list within their standard 

operating procedures (SOPs) a series of regulations pertinent 

to the subject of the SOP (e.g., International Council for 

Harmonization [ICH] Q9 in a risk management SOP). Merely 

listing a regulation, however, doesn’t demonstrate that you 

have read, understood, and implemented it into your QMS. You 

must have a process in which dedicated persons or teams 

assess regulations for their applicability to your operations, 

and then implement these into your QMS. Documenting this 

process provides the necessary proof of compliance.

In your particular case, employees fluent in the Chinese 

language should review the regulations, log which regulations 

they reviewed for documentation purposes, and then 

implement the new or changed requirements from these 

regulations within the QMS as necessary. For example, if the 

cleaning SOP would require an amendment, this amendment 

should be noted in the change section of the document.

It is necessary to maintain compliance with current 

regulations; any regulatory changes must be assessed for their 

impact on your QMS. This assessment may require a review of 

all documents in your QMS, unless you maintain a matrix (e.g., 

in a spreadsheet or relational database) that shows which 

regulation translates into which documents (e.g., SOPs) within 

your QMS. Such a correlation matrix has another important 

benefit: should you plan a change to a system, process, or 

document, you could easily verify if this is permissible under 

the regulations impacted by the change.

It is unlikely that such a matrix is 100% complete, covering 

all and every regulation from every country you operate in. 

However, taking a detail-oriented, risk-based approach helps 

ensure you cover the countries and regulations most critical to 

your operations. PTE

Your opinion matters.

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

may appear in a future column.

Covering Global 

Regulations in a Quality System

It is necessary to 
maintain compliance with 
current regulations; any 
regulatory changes must 

be assessed for their 
impact on your QMS.



Exponential chromatography

www.shimadzu.eu/nexera-e

The Nexera-e comprehensive LCxLC system
specializes in the analysis of natural products
and other complex mixtures with many differ-
ent compounds and chemical classes. Nexera-e
targets the food and chemical industries as 
well as polymer and pharmaceutical industries.
The “e” implies exponentially better chroma -
tography due to an exponential increase in
peak capacity and resolution.

Identification of multiple compounds
in a single chromatogram through higher peak 
resolution and peak capacity

Highest efficiency
achieved with just one injection instead of 
multiple approaches 

Reliable analysis of targeted compounds
provided by best-in-class LC/MS/MS and PDA
detectors

Connecting to LabSolutions software
for method set-up

Powerful ChromSquare software
for data processing, evaluation and presentation

Nexera-e provides a wider 

range of applications in any 

research field



flexible manufacturing.
custom solutions.
reliably supplied.
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Catalent. More products. Better treatments. Reliably supplied.™    

us + 1 888 SOLUTION (765-8846)  eu + 800 8855 6178  catalent.com/manufacturing

TECHNOLOGY TRANSFERS 
& LAUNCHES

Proven track record of product launches 

in multiple markets, with the analytical, 

development, project management, 

regulatory and operational expertise to 

support successful technology transfer at 

any phase of the development cycle. 

CUSTOM SUITES & 
SCALABLE SOLUTIONS

Global infrastructure and business models 

to provide unique manufacturing solutions. 

Flexibility to design dedicated suites, and 

scalable capacity and integrated services to 

support small orphan programs through to 

large network rationalization strategies. 

SPECIALIZED HANDLING 
& TECHNOLOGIES

Expertise in manufacturing technologies 

to improve efficiency, reliability, and 

safety, packaging technologies for 

serialization, and special handling 

experience across +300 potent, cytotoxic, 

hormonal and controlled substances.

YEARS OF EXPERTISE 
Product development to 

commercial manufacturing

DOSES 
MANUFACTURED 
ANNUALLY

NEW PRODUCTS IN 
DEVELOPMENT 
180+ launched annually

23 GLOBAL MANUFACTURING SITES  
with $1B+ invested in capacity and capability over the last 5 years
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