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The European Union is aiming to play a big role in the 

creation of a global uniform system for medicines 

identification by establishing across Europe a project under

which pharmaceutical data would be captured once and then 

used to underpin a product’s whole lifecycle. The pioneering 

scheme would be based on a five-year-old package of data 

standards on the Identification of Medicinal Products (IDMP) 

drawn up by the Geneva-based International Organization for 

Standardization (ISO). However, a growing proportion of the

European pharmaceutical industry have been losing 

enthusiasm for the project because of its complexity, which 

has been causing numerous problems with its implementation. 

The industry’s perspective

“The leading multinational pharma companies are taking IDMP 

seriously and are taking steps to be ready when it legally has 

to be implemented,” said Paul Attridge, senior director R&D

Europe of the Veeva Vault data management platform of San

Francisco-based Veeva Systems Inc. “But a lot of medium-

sized and smaller companies are holding back,” he told 

Pharmaceutical Technology Europe.

The European Commission, the EU’s Brussels-based 

executive, and the European Medicines Agency (EMA), 

the EU’s central medicines authority, which at present 

is headquartered in London, are having to step up their 

efforts to persuade doubting pharmaceutical companies of 

the benefits of the scheme. Medium and smaller pharma

companies have become even more sceptical in the wake 

of postponements of key stages in the introduction of IDMP

in the EU. Much of the blame for these disruptions has been 

put on failures by ISO to meet timelines for the publication of 

implementation guides for IDMP standards.

Companies are reluctant to spend money now on making 

their data systems IDMP-compliant when EMA may have

to yet again put back the mandatory enforcements of the 

standards. In 2016, EMA postponed the full implementation of 

IDMP by two years. 

A big worry among companies, however, is the impact of 

Brexit on the operations of the agency because of the need

for it to move its headquarters out of the United Kingdom

following the country’s vote in favour of leaving the EU in

a referendum held in June 2016. The UK’s departure from 

the Union is not due to take place until the spring of 2019,

while the relocation of EMA to one of the EU’s remaining 27 

member-states may be deferred beyond that date. There are 

still fears that during preparations for its exit, work in the 

agency on IDMP will be slowed down, particularly if specialist 

staff start to leave.

“Companies are not investing in IDMP themselves

because of the constant delays in its implementation and

now concerns about the impact of Brexit,” Christine Hirt,

managing consultant at Extedo GmbH, regulatory information

management specialists at Ottobrunn, Germany, told

Pharmaceutical Technology Europe. Another factor is a distrust 

of standards, particularly among the smaller companies. 

Such distrust tends to become stronger the more complex

the standards are and the more effort and preparation are

required to comply with them.

The scope of IDMP standards

A major reason for IDMP’s complexity is the breadth and depth 

of the scope of its five standards with an emphasis on a high 

degree of “granularity” or detailed information on the main 

stages of a product’s lifecycle. The standard on substances 

(ISO 11238) covers both active and non-active substances, their

general characteristics, and also specific details on manu-

facturing, purity, and grade (1). The one (ISO 11239) focusing

mainly on dose forms includes units of presentation, routes

of administration, and packaging (2). It identifies, for example, 

injection solution, injection suspension, and infusion solution.

Another standard (ISO 11240) relates to the usage of units of 

measurement with requirements for reference code systems

and vocabularies for units (3). 

IDMP distinguishes between products as medicines and

pharmaceuticals by having two separate standards for each.

The one (ISO 11616) on pharmaceuticals brings together

identifiers such as active substance, strength of units, and

administrable dose forms (4). The standard (ISO 11615) on 

medicinal products focuses mainly on regulation information

during the entire lifecycle—such as that on development, 

authorization, post-marketing, and approval renewal or 

withdrawal from the market (5).

The first versions of the standards were published by ISO

in 2012 to serve the needs of pharmacovigilance schemes, in

particular the necessity that authorized drugs found to have

previously unknown side effects can be accurately identified

with their manufacturing details such as production sites and 

batch numbers. The primary purpose of IDMP was to create a

basis for healthcare providers and professionals to be alerted

across Europe immediately after the reporting of an adverse 

reaction to a drug. Over time, it would also allow data banks

on these reactions to be built up for in-depth analysis so that 

actions can be taken to prevent side effects. However, it soon 

became clear that IDMP also had the potential to be applied

to many more areas of pharmaceuticals and healthcare than

pharmacovigilance.

The Complexity of IDMP
Many pharmaceutical companies are sceptical about IDMP 

despite the business benefits and its contribution to patient safety. 

Sean Milmo

is a freelance writer based in Essex, 

UK, seanmilmo@btconnect.com.
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An EMA list of other applications for IDMP include batch 

recalls, in addition to those triggered by pharmacovigilance, 

inspections including those related to good manufacturing 

practice (GMP), drug shortages, regulatory activities such as 

approval of variations like process changes, e-prescriptions, 

and initiatives under the EU’s Falsified Medicines Directive 

(FMD), such as the identification of individual product packs.

A drawback of IDMP’s broad scope is that it makes the 

necessity for continuous correction of glitches and deficiencies 

more likely. This problem became clear at an early stage 

when ISO specialists discovered defects when working on 

implementation guides for the standards. When EU experts 

started looking closely at the standards, they found important 

omissions, such as proper coverage of differences in packaging 

and pack sizes. All these flaws—some minor and others major—

were a primary reason for delays in the implementation stages. 

Data management

For EMA, the key application of IDMP will be the obligation for 

pharmaceutical companies under article 57 (6) of its amended 

2004 medicines authorization legislation to submit information 

to the agency on authorized medicines and keep this informa-

tion up-to-date. Currently, article 57 data are based on an EMA 

format, Extended EudraVigilance Medicinal Product Dictionary 

(XEVMPD), that ultimately will be replaced and considerably 

expanded by IDMP. It is an example of a process under which 

large amounts of data are captured at one source and then 

reused for several other applications, such as pharmacovigi-

lance and variations approvals.

For EMA, IDMP is viewed as a master data management 

system with master data being defined as any information 

that is considered to play a key role in the core operation 

of a business. IDMP will be realized through the agency’s 

SPOR master data programme covering the four domains of 

substances, products, organizations, and referentials (SPOR). 

Data on substances will be on the ingredients making up the 

medicinal product while data on products will cover their 

marketing and medicinal information. 

Organization data will be about organizations that 

develop, own, and manufacture the products, which, with 

pharmaceutical manufacturers, will be their company 

names, their addresses, plants, distribution centres, and 

their regulatory agencies. Referentials data list terms and 

controlled vocabularies (CVs) used to describe attributes 

of products such as dosage forms, country codes, package 

codes, and weight codes.

Each SPOR domain is being operated through management 

services projects that will be key enablers in a phased 

implementation of IDMP, especially in the maintenance of 

timelines. By mid-2017, the referentials and organizations 

management services (RMS and OMS) should start the process 

for testing their data systems with external users who will 

then have the chance to correct deficiencies. This will provide 

a basis for the later testing of the products and substances 

management services (PMS and SMS). The whole of SPOR 

should go live for testing as an integrated system by mid-2018, 

leading to IDMP becoming mandatory for pharmaceutical and 

other companies a year later.

EMA’s IDMP operation should extend beyond just the 

agency being a repository for vast quantities of data. It also 

must provide the means for the analysis of data, especially 

data relating to adverse drug reactions.

“The analytics capability is crucial to the whole realization 

of the IDMP scheme because without it, EMA will not be able 

to work out where else adverse reactions may take place and 

where they may be able to take preventive action,” explained 

Attridge. “Otherwise pharmaceutical companies will not be very 

happy about establishing IDMP-compliant systems at quite high 

costs when the agency is not able to make proper use of it.”

“For companies, IDMP can be a transformational programme, 

which will provide them with their own master data 

management system to break down information siloes and 

ensure that important information is accessible,” he continued. 

Ultimately, the success of IDMP in Europe and elsewhere will 

depend not only on its improvement of regulatory efficiencies 

but also of the IT operations of pharmaceutical companies.
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DRUG DEVELOPMENT

Transforming 
Regulatory Data 
Management

The Identification of Medicinal Products (IDMP) standards requires 

regulatory teams to efficiently collate data from multiple sources and functions.

A surge of change is underway in regulatory 

information management (RIM) as life-sciences 

companies re-evaluate their global operating 

capabilities. A report (1) by Gens and Associates 

shows that many organizations are embarking on 

significant transformation initiatives. Mounting 

pressure to operate more efficiently worldwide is 

driving companies to harmonize processes, improve 

data quality, and adopt shared global systems. For 

many, the spark of this movement is the Identification 

of Medicinal Products (IDMP) standard that requires 

regulatory teams to collate data from multiple 

sources and functions. 

The accelerating pace for change 

Industry analyst Steve Gens has been following RIM 

trends for more than a decade and has captured 

significant changes in a Gens and Associates report (1) 

Pursuing World Class Regulatory Information 

Management (RIM); Strategy, Measures, and Priorities. 

A dramatic 86% are embarking on transformational 

change in one or more of the 17 regulatory 

capabilities tracked. According to the survey, 41% of 

large- and mid-sized companies plan to change their 

submissions content management systems within the 

next two years; 65% are changing their submission 

planning systems, and 73% are changing systems for 

managing health authority interactions.

Regulatory transformation initiatives are also 

bigger and broader than they used to be. Gens noted 

in the report that historically, companies would 

incrementally upgrade their regulatory capabilities 

with individual change initiatives. Today, however, 

regulatory change is treated as an end-to-end 

programme involving personnel from clinical, 

quality, and manufacturing divisions. Companies are 

reinforcing their new RIM strategy with organizational 

changes; for example, 45% of companies report 

implementing end-to-end process ownership and 

governance roles. 

Generally, companies are pursuing four key goals:

• Global harmonization. There has been and 

continues to be a shift toward standardized 

systems with a common RIM model. According 

to Gens, companies are moving from a disparate 

RIM model where systems vary by geography or 

product, to a common RIM model in which they 

use shared global systems, and are taking a more 

holistic approach in managing regulatory processes 

globally. The new research shows that companies 

with a common RIM model are 3.5 times more likely 

to realize business benefits compared to those 

with disparate RIM environments. Companies with 

a common RIM model are also 18% more efficient 

than their competitors with disparate RIM systems 

and have 2.5 times more confidence in the quality 

of their data.

• Data quality. The quality and reliability of data is 

also a top priority in RIM transformation. Today, 

companies need to check and re-check information 

anytime they use it, which is a heavy burden. 

Regulatory teams spend a lot of time verifying 

information before it goes to health authorities 

or senior management. Accordingly, 88% of 

respondents are currently changing or planning 

a change to their data management capabilities 

within the next two years. 

• Efficiency. A third force driving transformation is 

the desire for greater efficiency and productivity. 

One measure of efficiency is the time needed to 

provide accurate reporting for basic regulatory 

questions—such as the status of a label change 

in an affiliate office. Half of the participating 

companies took days or weeks to provide accurate 

answers. Given the historic focus on compliance, it 

is not surprising that few companies measure RIM 

efficiency, but that is now changing.

• Collaboration. A fourth priority is improving 

processes connecting regulatory with other 

functional areas. A manufacturing change, supply 
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release, or label change are three 

collaborative processes hampered by 

poor data quality and accessibility. 

Inefficiencies in cross-functional 

collaboration are particularly concerning 

because they often introduce 

compliance gaps. IDMP requirements 

have forced these separate 

departments to get aligned around data, 

and process improvement is a natural 

component of those conversations.

A case study of 

regulatory transformation

Improving RIM efficiency and meeting 

IDMP standards share many of the 

same requirements: quality data, global 

alignment, and collaboration not just 

between departments but also with 

outsourced partners. The opportunity 

to innovate and achieve these goals is 

greater today than it has been in the 

past decade. 

For example, by modernizing their 

RIM capabilities, UCB, a multinational 

biopharmaceutical company, has 

improved the efficiency and agility of 

the business and translated data quality 

into patient value. To begin, UCB formed 

a cross-functional team and outlined six 

core objectives. Within each, UCB focused 

narrowly on what was business-critical 

and would provide real patient value, 

recognizing that with a strong foundation 

in place, it would be able to scale up and 

address additional IDMP data points as 

needed. UCB’s six core objectives for RIM 

transformation include:

• Data collection monitoring. The 

company sought to create a routine 

monitoring framework that would 

ensure the completeness, accuracy, 

and timeliness of updates to product 

license information.

• Information availability. While 

regulatory traditionally works behind 

closed doors, UCB decided to make 

regulatory information more widely 

available internally. They started with 

the supply release process to fully 

ensure that product in market matches 

the regulatory file. 

• Unified regulatory processes. 

Historically, regulatory professionals 

have thought in terms of individual 

software applications instead 

of end-to-end processes. For 

example, document management 

is often seen as a separate process 

from registration tracking. UCB is 

developing an interactive process 

map that is system agnostic, with the 

aim to go from submission planning to 

archiving without logging into multiple 

systems. 

• Document and data collection 

remediation. Locating the source 

materials for IDMP data collection is a 

frustration. All too often, the needed 

documents are located at an affiliate 

or a partner company. UCB now has 

an ongoing programme collecting all 

of the source documents, extracting 

the information, and converting it into 

data.

• Master data management. UCB 

started by mastering a small handful of 

data fields. It identified fields that were 

frequently duplicated between systems 

and would deliver significant business 

value if standardized and shared, 

including: product name, strength, 

formulation, and country. 

• Operating model optimization. 

Once data flows and systems 

are running smoothly, UCB could 

evaluate the overall operating model 

to optimally maintain these data. A 

number of regulatory activities have 

been outsourced. Because reliable 

performance was required, document 

management was moved to the cloud 

and supporting processes were put in 

place. 

Conclusion

Companies may have once balked at 

the effort involved in standardizing 

systems, processes, and data globally. 

It is, however, increasingly clear that 

the gains in operating efficiency and 

regulatory effectiveness will generate a 

positive return and have motivated many 

to embark on their own transformation 

initiatives. 
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A growing number of observers, including the 

Wall Street analysts that follow the publicly-

traded contract research organizations (CROs) and 

contract manufacturing organizations  (CMOs), have 

made statements recently suggesting that the CMO 

industry is following the trajectory that the CRO 

industry took in the past decade. 

In particular, they are suggesting that CMOs will 

eventually fulfil a large percentage of global bio/

pharma companies’ manufacturing requirements 

through strategic manufacturing relationships the way 

that large CROs established strategic relationships 

with large bio/pharma companies to run their clinical 

research operations. The corollary of that position 

is that a small number of large CMOs will come to 

dominate the industry thanks to their scale, scope of 

capabilities, and ability to win those strategic deals.

The CRO industry made a great leap forward 

in the years 2007–2009 when most global bio/

pharmaceutical companies turned over their clinical 

research operations to strategic CRO partners. The 

strategic sourcing deals coincided with the patent 

cliff and the global financial crisis, events that 

created great uncertainty for the bio/pharmaceutical 

industry; these deals allowed the major bio/

pharmaceutical companies to shed thousands of 

employees and convert fixed costs to variable costs. 

The five CROs that had attained industry leadership 

during the previous 10 years—Quintiles, PPD, Parexel, 

Icon, and Covance—were the major winners of those 

strategic deals, thanks to their billion-dollar scale, 

global operations, and financial wherewithal.

It may well be that CMOs will take on a bigger 

share of global bio/pharma’s manufacturing 

requirements, and that we will see greater 

consolidation within the CMO industry. But the nature 

of bio/pharmaceutical manufacturing suggests that 

a broad CMO takeover of manufacturing is a lot less 

likely than the CROs’ takeover of clinical research. 

Clinical research and manufacturing could not be 

more different, and extrapolating from one activity to 

the other can easily lead to the wrong conclusions.

Manufacturing is key to revenue

First and foremost, the global bio/pharma 

business model is to generate revenue by selling 

manufactured products, not by conducting clinical 

research. Product supply is crucial to meeting 

quarterly financial targets, and supply interruptions 

can damage both the stock price and the brand. 

Maintaining tight control over supply is a paramount 

objective, especially for the 20% of products that 

generate 80% of revenues. Clinical research is 

necessary for long-term performance, but delayed 

studies usually don’t have the dire near-term 

business implications that production problems do. 

Secondly, manufacturing is capital-intensive while 

clinical research is labour-intensive. Capital intensity 

shapes the manufacturing industry because of the 

strain it places on cash flow: manufacturing capacity 

is extremely expensive and must be built years in 

advance of actual production. Thanks to their large 

size and hefty profit margins, global biopharma 

companies have the cash flow and capital resources 

to make massive investments in manufacturing 

capacity and technology. For CMOs, however, cash 

flow and borrowing capacity are limited and they 

can’t afford to build substantial capacity years in 

advance for products whose fate they cannot control. 

Global bio/pharma companies spent nearly €115 

billion (US$125 billion) (just 11% of operating cash 

flow) on new plant and equipment in the past six 

years, much of it to build the capacity they needed 

as they transitioned their pipelines to biologics (1). 

The major CMOs spent about 10% of that amount, 

but it consumed more than 70% of their operating 

cash flow. So it will be difficult for CMOs to maintain 

the scale of investment necessary to meet the 

manufacturing needs of global biopharma companies. 

The labour-intensive nature of clinical research 

has meant that CROs haven’t had to make the big 

upfront cash outlays that manufacturing requires. 

CROs can generally hire staff as needed by the 

contracts in hand; they don’t have to staff up years 

in advance. So, CROs can fulfill their client’s capacity 

requirements without the strain on their cash flows.

Fixed cost headwind

The fixed-cost nature of manufacturing is another 

headwind for the CMO industry. It means that as long 

as global biopharma companies have captive capacity, 

they will be tempted to keep products in-house or 

CMOs and CROs Have 
Different Trajectories
CMOs may be gaining as strategic partners to large 

bio/pharma companies, but they have a much harder path to navigate.
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pull product back from their CMOs in 

order to absorb those fixed costs. It 

also means that CMO profitability will 

be negatively impacted whenever a 

contract manufacturing facility must 

be operated at a sub-optimal level of 

utilization.

In clinical research, CROs solve the 

fixed-cost problem for bio/pharma 

companies: bio/pharma companies 

just hire teams for projects as 

needed and don’t have to pay the 

staff once projects are completed. 

There is little need to bring projects 

back in-house, and generally they 

have no capacity to do so.

Finally, bio/pharma companies 

have a tremendous reservoir 

of experience for running 

manufacturing operations. They 

are often not as efficient and cost 

effective as CMOs, but there is great 

depth of engineering, process, and 

quality knowhow and expertise 

that only a few CMOs can match. 

By contrast, most bio/pharma 

executives would admit that their 

companies are not great at running 

labour-intensive activities, and 

that the increasingly information 

technology-intensive nature of 

clinical research is well beyond their 

competence.

Unbundled response

CMOs have already won the battle 

for the manufacturing needs of small 

bio/pharma companies (at least 80% 

of their production is outsourced) and 

mid-size bio/pharma companies (at 

least 60% of their requirements are 

outsourced). The path to sustained 

organic growth runs through global 

bio/pharma but, as described 

previously, that path is strewn with 

some major obstacles.

Forward-thinking CMOs are 

responding to the challenge by 

breaking out the elements of 

the value propositions into its 

constituent parts, and allowing 

clients to customize an offering 

that fits their specific needs. Those 

elements include capabilities such 

as facility engineering, process 

development, overhead sharing, 

supply chain management, and 

regulatory knowhow. Already, 

major bio/pharma companies such 

as Vertex (with Hovione), Amgen 

(with Patheon), and Sanofi (with 

Lonza) have formed relationships 

with CMOs based on innovative 

combinations of those value 

components.

These new unbundled business 

models highlight one more big 

difference between the CRO and 

CMO trajectories. Before they 

became strategic partners, CROs 

generally sold individual services 

like site monitoring and data 

management to the big bio/pharma 

companies, but the strategic 

relationships they formed in 2007–

2009 gave them the opportunity 

to bundle those offerings into full 

service packages. 

CROs are bundling and CMOs 

are unbundling; clearly the two 

businesses are moving in completely 

different directions.
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AAAAs the global healthcare industry adopts value-

based practices to help control runaway costs 

and address imbalances in access, physicians and 

pharmaceutical companies find themselves in a 

similar situation: their performance will be judged, 

and payment based, on how well patients respond to 

their care or their products. 

This responsibility may frighten some doctors 

and pharmaceutical company executives, especially 

given the number of patients who refuse to comply 

with orders or take their medicine. Noncompliance 

accounts for US$290 billion (260 billion Euros)

in medical costs in the United States each year, 

according to the New England Healthcare Institute (1).

Others, however, see the new focus on results as 

a way to reach out to or even retrain patients, reduce 

waste and costs, and regain the public’s trust.“We 

want to be rewarded for the tangible outcomes that 

our products provide patients, not for simply selling 

pills,” wrote Novartis CEO Joe Jimenez in a November 

2016 editorial in Forbes magazine (2).

Jimenez then went on to define any drug or 

treatment’s value based on the following metrics:

• Improved survival rates (e.g., for oncology drugs) )

• Better patient response (e.g., in clinical trials)

• Better patient experience (e.g., reduced side 

effects and improved quality of life)

• Impact on overall healthcare (e.g., whether it 

reduces the need for doctor’s office visits) 

• Value to society (e.g., reducing the economic 

impact of lost workdays, etc.).

Just as hospitals are moving away from individual 

to “bundled” services, pharmaceuticals will no longer 

be viewed as discrete products, but integrated 

treatment packages. Many of these will look like 

ordinary pills, capsules, or vials, but their formulations 

may incorporate precision medicine features (e.g., be 

designed for a specific patient population) and they 

are sure to be sold with one or all of the following: 

a smart phone app, companion monitoring and/or 

dosing device, or sensor. 

In other cases, tomorrow’s pharmaceuticals won’t 

even be recognizable dosage forms, but combination 

treatments that could involve devices designed to 

generate electrical impulses or optical waves. An 

increasing number of them are likely to be therapies 

derived from the patient’s own cells.

PPaatient-ffocusseed devvelloopmmennnt

More manufacturers are starting to design these 

products to help ensure, first, that patients take the 

treatment, but, second, to communicate with patients 

and help them manage dosages, remain engaged with 

healthcare providers, or stay in clinical trials. 

Eventually, drug manufacturers will need to go 

further. “Pharma must shift its focus from treating 

diseases to preventing them,” says Dr. Bertalan 

Mesko, the Medical Futurist, a physician who 

envisions the impact of digital technology on the 

future of healthcare. “Pharmaceutical companies 

will need to change their whole approach to the 

business,” he says. 

AAAAggnees SShhaannleey

TTThhee biggestt cchaanggee tthaat 

pphhaarmaaceuttiicaal coommmpaanieees  arrre 

gggrrappplinng wwith is tthhee faacttt thhatt 

pphhyysiciaans aannd paatieents aaaree bbeeccomming 

eeeqquual partneers in trreeatmeeent. 
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The biggest change that 

pharmaceutical companies are 

grappling with is the fact that 

physicians and patients are becoming 

equal partners in treatment. “There is 

no hierarchy anymore,” says Mesko. 

“Digital health means that data 

should be available to physicians and 

patients at the same time and that 

both are in an equal partnership.” 

Today, it’s easy to find patients 

(or their parents or family members) 

running patient action groups, 

corporations or foundations 

dedicated to rare diseases. 

Empowered by access to information 

and, via social media, introduced 

to others facing the same issues 

and experts treating or developing 

cures, patients will no longer tolerate 

physicians dictating treatment 

regimens from on high. 

Similarly, pharma companies can’t 

simply sell patients a bottle of pills 

and leave it at that. “Patients want 

to take an active part, not only in 

their own treatment but in helping 

companies produce better drugs 

for them,” says Mesko. “Producing 

drugs is just not enough anymore. 

How effectively pharmaceutical 

manufacturers respond to this change 

will determine whether they can even 

survive,” he says (3). 

CComppetinnng wiithhh teccchhnooologggyy

A real concern, Mesko says, is that, in 

the future, more patients may start up 

health-tech ventures or turn to tech-

based treatments including apps, 

monitoring and dosing devices, virtual 

reality, and 3-D printing on their own, 

bypassing pharma, regulators, and 

even healthcare providers. 

As he points out, this has already 

happened in the past, when some 

parents of children with Type 1 

diabetes put together their own, 

unregulated monitoring and dosing 

devices to handle challenging 

dosing issues that device and drug 

manufacturers were not addressing 

rapidly enough (4). 

“Even though we want patients 

to be equal partners in the 

decisionmaking process, we do not 

want them to bypass the regulatory 

process and try to help solve their 

medical issues themselves, with 

startups in their garages. We want 

to help push the United States Food 

and Drug Administration forward 

for companies that are working on 

innovations,” says Mesko. 

PPaattiennt-ceeenttreedd drrugg deeelivveeeryy

For the past few years, manufacturers 

have begun to focus on engaging 

patients and making it easier for 

them to comply with physicians’ 

prescription orders for any new drug 

(e.g., via more convenient dosing 

or delivery). This focus is reflected, 

for example, in formulations such 

as controlled release and orally 

disintegrating tablets, improved 

autoinjector systems and inhalers, 

as well as biopharmaceutical 

formulations that don’t require 

infusion or that can be taken less 

frequently. 

Companion diagnostics are 

also being developed for more 

pharmaceuticals. Novartis started the 

trend in the 1970s with its Tamoxifen 

breast cancer treatment. Roche 

followed in the 1990s, with its breast 

cancer treatment, Herceptin. In 2006, 

there were only five drug-companion 

diagnostic combinations on the 

market, but by 2012 the number had 

grown to 63 (4). 

Roche continues to work on drug 

and companion diagnostics packages. 

Sixty percent of its drug candidates 

are reportedly being developed with a 

companion device (5).

But devices are also going beyond 

simply measuring the level of a 

marker in the body to dynamic real-

time measurement, dosing, and 

control. Research is progressing in 

disease areas that are difficult to 

dose correctly, especially in children, 

notably asthma as well as  Type 1 

diabetes. In the United Kingdom, 

clinical trials are currently underway 

evaluating a Bluetooth-enabled smart 

inhaler that would allow healthcare 

givers to observe patient’s dosage 

and technique (6). In 2016, the US FDA 

approved Medtronic’s first “bionic 

pancreas” for diabetes (7), designed 

to measure blood levels of glucose 

continuously, then control delivery 

of insulin when levels get too high or 

too low. Too much insulin can lead to 

hypoglycaemia, which can result in 

patient death, especially at night. 

In advanced clinical trials is 

BetaBionic’s i-Let, named for part 

of the organ whose function it 

mimics, another bionic pancreas (8) 

developed by the father of a boy with 

Type 1 diabetes. It uses advanced 

algorithms and sensors to monitor 

glucose levels and administer insulin 

when glucose levels get too high 

and glucagon, which was recently 

processed in a more stable form by 

Xeris Pharmaceuticals, when they get 

too low (9).

For the past two years, Novartis 

has been working with Google on 

a diabetes treatment system that 

would use contact lens biosensors 

to measure glucose levels in tears, 

although plans for clinical trials have 

been pushed back (10).

MMM-heaalth annd vvirtuuaaal reealittyyy 

Mobile health apps, whether 

developed in house or with outside 

partners, have become a given 

at most large pharma companies 

today, to engage patients and 

healthcare providers and promote the 

communication that can be so crucial 

to optimizing patient outcomes. 

Sanofi, Johnson & Johnson (J&J), 

Merck, and GlaxoSmithKline (GSK) 

have developed some of the best 

known apps. Approaching this from 

the tech side are companies such as 

Monsenso, which offers apps to help 

patients deal with mental disorders 

ranging from bipolar to schizophrenia. 

GSK, Boheringer Ingelheim, and 

Novartis are working with another 

m-health provider, Propeller, which 

is developing a smart inhaler via an 

add-on and a smart phone app that 

would help patients treat asthma (11).

But some tech companies have 

also been developing apps that 

might compete with pharmaceutical 

treatments. They might not, on their 

own, be useful in treating cancer 

or diabetes, but could ameliorate 

AAAA rreaal coooncceernnn iss ttthhaatt,, iinnn 

ttthhee fuuturre,, mmoooree pppaatiieennttss 

mmmaay sstarrrt uupp hhhealtthh-

ttteecch vvennttuureess orr tttuurnnn too 

ttteecch-bassedd ttreeeattmmmeennntts 

innnccluddinggg aapppsss, mmooniitoorriinngg 

aand ddosiinngg ddeevvicceeess, vvviirttuuuaal 

rreeaalitty, aandd 33--DD prrrinnttiinngg 

oonn their oowwnn, bbyyppasssssinnggg 

pphharmma,, reeguullaattorrrss, aaanndd 

eevveen heaaalthccaaree ppproovvvideeerrss.
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symptoms of some mental conditions 

such as anxiety, or help patients 

deal with “lifestyle” conditions. 

An example would be Sleepio, 

Big Health’s digital treatment for 

insomnia (12). In the UK, government 

agencies, and even the National 

Institute for Health and Care 

Excellence, have started to track and 

rank m-health apps (13, 14). 

Tech companies are also 

developing augmented and virtual 

reality as a form of treatment for 

conditions that range from post-

traumatic stress disorder (15) to 

agoraphobia and even schizophrenia 

(16). Pharma companies are working 

with virtual reality in the diabetes 

area with NovoNordisk’s Diabetes 

Voyager, which uses Samsung’s 

Oculus Rift technology and the xBox 

to simulate what diabetes is and what 

it does (17). 

Other companies have developed 

virtual reality tools to improve 

empathy, for caregivers and 

healthcare providers, and give 

them an idea of what patients go 

through. Examples are J&J’s Virtual 

Hallucination (18), which simulates 

the schizophrenic’s experience, and 

Merck’s MS Inside Out (19), recently 

completed with Studio Lidell, which 

offers interactive insights into 

multiple sclerosis. An example of 

augmented reality is AstraZeneca’s 

Fit2Me digital coach for diabetes (20).

UUsing scieeenccee ttoo ccuttt ccooostss

If patient communication is crucial 

in a value-based environment, so is 

reducing the cost and timelines for 

clinical trials and drug development. 

Pharmaceutical manufacturers are 

collaborating with universities and 

research companies to leverage 

advances in science and technology 

that will allow them to filter through 

noise and solve problems much faster 

and more efficiently.

The single most important tool 

now available is artificial intelligence 

(AI), and powerful algorithms that 

allow patterns to emerge from huge 

volumes of data. “AI can allow a 

company to do a year’s worth of 

research in a day,” says Mesko. “The 

results could take drug development 

to a whole new dimension,” he says. 

More pharma companies are 

collaborating with AI specialists, 

who, in turn, have added 

simulation and the techniques 

of precision medicine to their 

toolkits. Merck, for example, is 

working with Atomwise, which 

uses in-silico models and deep 

learning algorithms to find new 

combinations of drugs that could 

treat existing disorders, or find new 

drugs from huge databases (21). The 

company did this recently to find a 

treatment for Ebola. 

Turbine is another research firm 

that uses simulation and AI to help 

companies repurpose drugs and 

drug combinations and focus on 

likely candidates, using models to 

run millions of virtual clinical trials on 

simulated cancer cells. The company 

plans to make personalized cures 

possible for every cancer patient by 

the next decade (22).

Pharma companies are also 

evaluating AI as a way to improve 

clinical research. One goal is targeting 

the best candidates for clinical trials 

so that testing is no longer random 

but focused on the patient groups 

that could potentially benefit most 

from the treatment. 

Oncompass, which focuses on the 

specific cancer tissues and types 

unique to each patient, takes this 

approach in the opposite direction, 

sequencing the DNA of tumour cells 

and then running results through 

a database to determine the most 

relevant trials for patients with that 

type of tumour (23). 

In-silico clinical trials, combining 

AI with simulation and modelling, 

won’t be that far off, Mesko says. 

“It’s nonsense to take a decade 

and billions of dollars to test a 

new drug on human beings, when 

thousands of people could be tested 

in days using in-silico methods and a 

supercomputer (e.g., IBM Watson) and 

human physiological models.” 

In Europe, the Avicenna Support 

Action has developed a roadmap 

(24) for in-silico clinical trials in the 

future. New patient-centred clinical 

trial models are already being seen. 

Sanofi, for example, is working 

with Science 37 on a digital clinical 

trial design for a siteless trial (25) 

that would use digital technology 

to communicate with and engage 

physicians and participants. Science 

37 claims that the new approach 

could reduce the time required by 

30% of more, potentially shaving two 

years off the time required for each 

trial. Sanofi has successfully run 

remote trials in the past (26). 

GGenommicsss iss nnoww aacccceessssibblee

Genomics has become far more 

accessible within the past few years, 

with the cost of genome sequencing 

moving from hundreds of thousands 

of US dollars to US$1000 and getting 

cheaper. “Now, companies have 

new tools and a chance to make 

meaningful therapies,” says Mesko.

As gene and cell therapies 

are developed, pharmaceutical 

companies are also entering into 

research projects involving gene-

editing techniques. One of the most 

promising of these techniques is 

CRISPR, says Mesko, although it 

poses serious ethical questions, 

including concerns that there might 

be attempts to develop “designer 

zygotes” in the future. 

At this point, it is being evaluated 

mainly to treat rare, genetically-

based diseases. Bayer AG and 

CRISPR Therapeutics recently 

launched a venture that would use 

it to treat blood diseases and other 

conditions (27). China was the first to 

actually inject human patients with 

CRISPR-edited genes in clinical trials 

for cancer treatment (28), but in 

the US, tests are expected to begin 

in 2017 to evaluate gene editing in 

cancer T-cell therapies and as an 

option for treating a rare form of 

blindness (29).

Some of tomorrow’s therapies 

will look like nothing we’ve seen to 

date. An example is electroceuticals, 

which use electricity from a tiny 

implanted device to change electrical 

impulses within the body. GSK 

has invested significantly in the 

technology (30), and plans to start 

clinical trials with external partners 

at some point in 2017 and internally 

in 2019.

Farther away from development 

is optogenetics, which applies light 

to neurons in the brain, activating 

or deactivating specific areas (31). 

Mesko believes this field will be 

extremely important in treating 

neurological conditions in the future. 

In the end, what will make 

effective innovation possible is 
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better patient data. For the past 

few decades, physicians in the US 

have been required to invest in 

and use electronic health record 

systems (EHRs) to nudge the 

old paper patient chart (like the 

pharmaceutical batch record) into 

the digital world. 

Many physicians with EHRs 

complain that they spend more 

time on data entry than on patient 

interaction (32), and there have been 

problems with data integration and 

connection (33), but patient data will 

be essential to developing evidence 

on best treatment practices, and 

eventually best predictive and 

preventive.approaches. 

For pharmaceutical 

manufacturers, data access will 

allow close trending of patient 

responses and outcomes. “It’s the 

essence of doing business in pharma 

today. Without huge datasets you 

have no idea which drugs you 

should focus on,” says Mesko. 

“You need to use as much data as 

legally possible to make smarter 

decisions.” Pharma companies are 

working with partners in this area to 

examine patient data for evidence of 

improved treatment (34). 

With value-based care, the 

pharmaceutical industry and 

healthcare are driving on a highway 

that is still under construction. Tools 

such as AI and advances in sensors, 

devices, and mobile health offer 

the pharmaceutical industry the 

opportunity to keep its innovation 

alive and relevant.
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While most basic research occurs in academia, 

contributions from industry are also undeniably 

significant and impactful, according to Jeff Song, 

director of development at Boehringer Ingelheim (BI) 

Pharmaceuticals. Several pharmaceutical companies 

have established strong R&D organizations that 

routinely discover innovative and practical chemistries, 

and technology companies such as Johnson Matthey 

and Codexis also engage in original research to provide 

new chemistries for API synthesis. 

In addition, both academia and industry are 

increasingly seeking opportunities for collaboration 

in precompetitive spaces, either through individual 

research agreements or multi-party consortia, 

according to Song. He notes that BI was one of the 

founders of the BI-Pfizer-AbbVie Consortium for 

Non-Precious Metal Catalysis, Flow Hydrogenation, 

and Computer Aided Synthetic Design. BI is also an 

industrial sponsor of the National Science Foundation’s 

Research Centre, Centre for Rational Catalyst 

Synthesis, and is intimately involved in its projects.

Two areas of technology have emerged in recent 

years as particularly important for API manufacturing: 

flow chemistry and catalysis. “Both can be applied to 

a broad scope of APIs. Catalysis provides shorter/more 

atom-economical, more cost-effective, and greener 

processes, while also providing novel reactivities that 

were not accessible before. Flow chemistry is another 

green technology that expands the horizon of the 

types of chemistry that can be used for making bulk 

APIs,” states Chris Senanayake, US vice-president of 

chemical development for BI.

Catalysis highly impactful

Chemistries routinely practiced in the pharmaceutical 

setting include amide bond formations, common acid/

base promoted hydrolytic reactions to access amide 

and carboxyl moieties, carbon-carbon bond formations 

(Grignard, Suzuki-Miyaura, Negishi, Sonagishira, Heck), 

oxidations, reductions (classical and asymmetric), 

halogenations, esterifications, alkylations, aminations, 

nitrations, and classical and enzymatic resolutions, 

according to Marlon Lutz, a process development and 

flow chemist with Regis Technologies.

“Advances in catalysis, including both chemical and 

biocatalysis, have been the most impactful for API 

synthesis,” asserts Senanayake. Specifically, he points 

to the design and discovery of new (chiral) phosphine 

ligands that have allowed many efficient transformations 

such as cross couplings and the installation of chiral 

centres to be performed on large scales (1–3). 

Carbon-carbon bond forming organometallic 

chemistry is another chemistry worth highlighting, 

according to Stephen A. Munk, president of Ash 

Stevens, a division of Piramal Pharma Solutions. 

“Scalable palladium-catalyzed coupling reactions, 

such as Sonogashira and Suzuki reactions, allow 

for efficient carbon-carbon bond formation at the 

larger volumes required for API manufacturing,” he 

observes. (See an example in reference 4.)

In biocatalysis, the use of directed evolution 

technology has resulted in the engineering of highly 

efficient enzymes for a wider range of chemical 

reactions than ever before, according to Song. Multiple 

examples of biocatalysis in API synthesis on the 

commercial scale have been reported (5–6).

Flow chemistry is a remarkable tool

“With lower processing times, solvent volumes, and 

reduced waste streams, flow chemistry (continuous 

processing) has enabled processes to be operated 

more efficiently, safer, cleaner, cheaper, and 

faster,” Lutz states. In addition, process analytical 

technologies (PATs) have enabled flow chemistry 

processes to be executed with higher confidence and 

reproducibility and generate products that are of high 

purity and yield. 

“Many pharmaceutical chemical processes are 

still performed in batch vessels, which are strictly 

limited by the process conditions (e.g., boiling points 

of solvents at atmospheric pressure) and often 

require long processing times for heating/cooling 

of large batch reactors. There has, however, been 

an increasing expectation for safer, more efficient, 

cost effective and greener synthetic routes. Flow 

chemistry has attracted attention as realization of its 

numerous benefits for achieving this goal has spread,” 

Lutz adds. 

Advances in chemical synthesis are enabling greener, 

more cost-efficient processes for API manufacturing.

Catalysis, Flow Chemistry 
Impact API Manufacturing

Cynthia A. Challener, PhD, 

is a contributing editor to 

Pharmaceutical Technology 

Europe.
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API Synthesis & Manufacturing

In particular, flow chemistry is highly 

applicable for processes that require 

high mixing and heat/mass transfer, 

control of processes operating in the 

thermal runaway regime, and safely 

conducting hazardous chemistry that 

is difficult to handle in conventional 

batch reactors. 

At BI, flow chemistry has been 

employed for reactions that would not 

be possible using conventional batch 

protocols, according to Song. “Several 

of our programmes involving high-

energy reagents (azides), unstable 

intermediates (organolithiums), and 

extreme reaction temperatures (low 

or high) have benefited from flow 

technology,” he comments. In one 

example, approximately one metric 

ton of a propargyl borolane reagent 

was manufactured in good yield and 

high quality using flow chemistry (7).

In addition, the ability to automate 

commercial flow reactors has 

impacted how process development 

is performed and translated into 

manufacturing, according to Lutz. 

“The use of flow chemistry enables 

process development and reaction 

optimization to be performed 

significantly more quickly than 

traditional approaches using batch 

vessels,” he explains. Employing PAT 

with flow reactor systems extensively 

reduces development times with 

elimination of the bottleneck of 

offline analysis (8).

Furthermore, translating flow 

processes from research-scale 

models to commercial scale is 

relatively simple; if the geometries 

and design of the flow reactor 

are maintained, the number of 

flow reactors can be increased to 

achieve the desired product output 

(‘numbering up’), according to Lutz. 

He also notes that many of the 

commercial-scale flow reactors are 

designed to offer enhanced mixing 

and heat/mass transfer phenomena 

when increasing throughput.

It is also worth noting, according 

to Lutz, that implementing flow 

chemistry can be beneficial for 

contract manufacturing organizations 

(CMOs) because they can easily use 

flow chemistry for problem steps 

that are low yielding, require harsh 

conditions, are medium- to high-risk 

due to the reaction conditions, or use 

excesses of expensive reagents.

Better process understanding

It isn’t only advances in chemistry 

and processing technology that 

have improved API manufacturing. 

The evolution of a contemporary 

data-rich laboratory environment 

with new equipment, software, 

process modeling techniques, 

quality-by-design methodology, 

multidisciplinary collaborations, more 

sensitive analytical instruments, 

enhanced safety analyses using 

reaction calorimetery, accelerating 

rate calorimetry (ARC), and thermal 

screening units (TSus) is providing a 

deeper understanding of chemical 

processes and their predictability at 

scale, according to Munk.

“Today, it is not only possible to 

improve yields and limit the formation 

of impurities; in-depth understanding 

of processes leads to better process 

control, safety, reliability, and 

robustness, along with improved 

product quality,” he explains. “It also 

allows for continuous improvement of 

the process and understanding where 

things fail and the consequences of the 

failure using statistical data without 

having to do hundreds of experiments,” 

Munk adds. New safety equipment/

instrumentation and software allow 

for safer scale up of processes, while 

new laboratory reactor systems better 

model plant equipment and stirring 

conditions. A more multidisciplinary 

approach to process development looks 

at processes from more perspectives 

(modeling, statistically, engineering, 

safety, and environmental impact).

Enhanced chromatography 

equipment and more

While catalysis and flow chemistry 

are having the greatest impact on 

API manufacturing, there are many 

other advances providing measurable 

improvements. More efficient, 

environmentally compatible, and 

cost-effective production-scale 

chromatography equipment, including 

simulated moving bed (SMB) and 

supercritical fluid chromatography (SFC), 

is one example, according to Munk. 

Greater understanding of solid-state 

forms and genotoxic impurities are also 

important. Access to greater knowledge 

through rapid and effective solid form 

screening leads to the selection of more 

developable APIs (9). Identification of 

impurities and their sources makes 

it possible to develop more efficient, 

optimized processes with higher 

yields and purity profiles (10).

Highly potent and complicated drugs 

such as antibody-drug conjugates 

and proteolysis targeting chimera are 

more prominent in the industry and 

are requiring significant containment 

infrastructure, purification equipment, 

and experienced chemists, according 

to Munk. The existence of different 

potency categorization schemes 

and the need to ensure operator and 

environmental safety pose significant 

challenges (11).

Returning to specific chemistry 

examples, Song points to Knochel’s 

Turbo Grignard reagent as an 

important chemistry enjoying wide 

application in industry and academia. 

“This chemistry revolutionized the 

way in which Grignard reagents are 

generated. Due to its unique reactivity, 

Turbo Grignard offers benefits 

such as wider functional group 

compatibility and improved safety 

and cost-effectiveness for Grignard 

formation (12–13). Organozinc reagents 

have shown wider functional group 

compatibility as well, according to Lutz. 

(See reference 14 for an example.) 

Ongoing advances

While the advances discussed above 

are indeed significant, challenges 

in API synthesis and manufacturing 

remain. Fortunately, further 

developments are ongoing and provide 

significant potential for the future. 

For example, useful methods for 

fluorination and trifluoromethylation 

(15–16), which are needed given that 

approximately 20% of drugs contain at 

least one fluorine atom, are allowing 

medicinal chemists to access novel 

structures for structure-activity 

relationship studies and to secure 

intellectual property for new drug 

candidates, according to Senanayake. 

These methods are not ready for 

large-scale application, however. More 

work is required in both academia 

and industry to address substrate 

scope, catalyst loading, and general 

practicality issues. Lutz also points to 

greener metal-catalyzed fluorinations 

as showing great promise for the 

replacement of common and harsh 

fluorinating reagents (17–18).

Contin. on page 35
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Delivering biologics is not as straightforward as their small-

molecule counterparts, and despite their blockbuster success, 

most biopharmaceuticals are administered by injection—a route 

that is not considered ideal because it is associated with pain, and 

therefore, affects quality of life and patient compliance. There is a lot 

of interest in oral delivery of biologics because of the convenience 

it offers both for the patient and manufacturers; however, success 

has been limited and there is still no proven technology for delivering 

biologics orally. Alternative routes of administration are now being 

explored, one of which is the potential of delivering a biologic drug 

through the skin using microneedles to replace the traditional syringe 

delivery method; and the other, by developing biopharmaceutical 

formulations for inhaled or nasal delivery.  

Transdermal delivery

“Microneedle delivery can be an alternative to standard syringes and 

needles or autoinjectors,” says Lisa Dick, PhD, MTS new technology 

and product development manager, 3M Drug Delivery Systems. 

Targeting the transdermal route offers the possibility of a faster 

onset of action compared to subcutaneous administration, she says. 

“More importantly, for needle-phobic patients, microneedles are 

less threatening than standard injection needles,” Dick notes. “If 

you consider microneedle systems where the drug is coated on the 

microneedle patch, these systems can be virtually painless, easy to 

apply, and can also be potentially stable at room temperature.”

“For transdermal products, the drug molecule needs to be 

relatively small (i.e., several hundred atomic mass units) and 

permeable through the stratum corneum,” Mark Tomai, PhD, head 

of TLR and MTS Business Development, 3M Drug Delivery Systems, 

points out. He explains that because most biologic drugs are too 

large for passive intradermal delivery, microneedle-based delivery 

systems have been developed. 3M, for example, has developed 

hollow and solid microneedle systems, which use biocompatible 

polymeric microneedles to bypass the barrier properties of the 

stratum corneum.  

The hollow microneedle technology by 3M is a single-use delivery 

system designed for self-administration. Liquid formulations are 

contained in a reservoir and delivered into the skin via a 1-cm2 

microneedle array. The microneedles can accommodate a range of 

molecules and drug volumes of up to 2 mL, as long as stability in 

the liquid form is maintained (1). “For liquid formulations delivered 

through hollow microneedles, skin tolerability and viscosity are key 

considerations during formulation development,” says Tomai. 

Adeline Siew, PhD

“Non-viscous formulations flow 

readily through narrow flow paths in 

microneedle-based devices, whereas 

viscous formulations are more prone 

to plugging in the narrow channels 

of traditional single-channel devices 

or require a long delivery time,” Dick 

observes. According to her, it is possible 

to deliver more viscous solutions of 

up to approximately 25 centipoise (cp) 

with the 3M hollow microstructured 

transdermal system (hMTS), and there 

are options for delivery of up to 80 cp 

solutions in the future. 

“The drug product formulation 

must be chemically compatible with 

the microneedle arrays and device, 

including storage over time,” says 

Tomai. “Also, drug molecules in a 

liquid formulation that are delivered 

using a hollow microneedle injector 

must be physically able to withstand 

shear forces when flowing through 

the device. Such physical compatibility 

considerations are especially important 

for biological drugs, which can 

denature or become inactive.”

3M’s solid microneedle technology 

is based on tiny needles mounted 

on a wearable patch, which has 

been designed to deliver proteins, 

vaccines, or other solid formulations 

up to 300 mcg (2). “With solid coated 

microneedles, there are several 

formulation considerations that need to 

be taken into account, for example, the 

balance between chemical stability, the 

ability to coat onto solid microneedles, 

and the ability of the formulation to 

release into the skin,” Tomai highlights. 

“Chemical stability considerations are 

similar to those of other dosage forms. 

The ability to coat a formulation onto 

solid microneedles is drug dependent 

and relies on solubility, target dose, and 

viscosity. For the ability of a formulation 

to release into the skin, it needs to be 

released from the microneedle surface 

through its inherent solubility in the 

dermal interstitial fluid.” Tomai adds 

that for every drug molecule, there 

may be more than one acceptable 

formulation composition, therefore, it is 

a matter of testing several formulations 

for manufacturability and the eventual 

outcome for effective treatment.

Analytical testing for transdermal 

products is phase-appropriate, notes 

Dick. Fewer tests are carried out 

during early feasibility investigations 

and the limits are wider. “However, 
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as more methods are added, the 

specifications on the results are 

narrowed,” she continues. 

“The analytical testing of drug 

product delivered with microneedles 

is similar in scope to other dosage 

forms,” Tomai adds. “Regulatory 

guidance such as the International 

Council for Harmonization (ICH) Q1, Q3, 

Q6, and Q8 are consulted in addition to 

the United States Pharmacopeia (USP). 

Tests often include the following: 

drug content, content uniformity, 

impurities, microbials, and sterility.” 

For microneedle products, some 

device-specific requirements and 

testing may also be required, according 

to Dick. “Materials of construction 

are often USP Class VI and evaluated 

according to ISO 10993 (3),” she says. 

“Human factors design and testing 

are completed at both formative and 

summative stages. Device performance 

testing, packaging systems, and 

sterility controls are also considered as 

needed for drug products.”

Inhaled or nasal delivery

Another alternative for delivering 

biologics is the inhaled or nasal route, 

which has the potential to provide good 

bioavailability and direct delivery of the 

drug to the respiratory system (4). 

“There are two principle drivers 

towards inhaled or nasal delivery 

for biologics: firstly, the potential for 

topical delivery, and secondly, as an 

alternative systemic delivery route,” 

explains Mark Parry, technical director, 

Intertek Melbourn. “Topical delivery 

allows targeting of the product to the 

location of action with a potentially 

lower dose than would be needed 

for systemic intravenous dosing 

(e.g., treatment of a lung infection 

or delivery of a gene therapy to the 

lungs of a cystic fibrosis sufferer). As 

an alternative systemic dosing route, 

inhaled and nasal delivery presents 

a more patient-friendly alternative to 

parenteral delivery, as well as potential 

advantages in pharmacokinetics 

profiles compared to other options 

such as subcutaneous injection.”

Devices used for delivering biologics 

by the inhaled or nasal route range 

from nasal sprays or nasal dry 

powders, to dry powder inhalers (DPI), 

pressurized metered-dose inhalers 

(pMDI), nebulizers, and soft mist 

devices. “Device selection needs to 

consider a number of factors that 

relate to both the properties of the 

compound being developed as well 

as the intended usage model of the 

product,” highlights Ashleigh Wake, 

director of Biological Services, Intertek 

Manchester. She adds that there are 

also related commercial considerations 

to be factored in.  

“Some compounds may need to be 

present as a solid material because they 

lack long-term stability in solution, but 

engineering a DPI formulation requires 

development of a suitable spray-drying 

process (or other suitable particle 

engineering technique), which adds 

complexity and cost to the product and 

its development,” Parry explains. “As 

a result, nebulized and nasal solution 

and reconstituted solution products 

tend to dominate the development; 

however, there are advantages in terms 

of a simpler, shorter inhaled dosing 

processes as well as improved shelf 

lives that can make DPI products more 

commercially desirable.” 

“In terms of device compatibility, one 

of the early parts of development is to 

look at the compatibility of the product 

with the materials and methods of 

operation of the chosen devices,” says 

Wake. “For example, the aerosolization 

of solutions for nebulization can impart 

significant shear forces as well as 

increased exposure to oxygen in the 

air, which must be assessed in order to 

select an appropriate delivery device.”

According to Parry and Wake, 

the range of excipients proven for 

use in inhaled and nasal products 

is more limited than those used for 

oral formulations. They note that 

some existing parental formulations 

contain excipients not used in inhaled 

products. “This means that the choice 

of excipients must consider the 

impact on the required toxicological 

assessments on any new inhaled 

excipients,” says Parry.

“Typical developments for aqueous 

solutions will need to consider tight 

controls of pH and ionic strength,” 

Wake explains. “But the use of 

surfactants is very common in order to 

control interactions with container and 

device surfaces.”

Besides the typical quality control 

criteria of assay, purity, and impurities, 

inhaled and nasal products require 

specific testing to look at the product 

performance, Parry points out. “These 

tests include measuring the delivered 

dose (i.e., the actual amount delivered 

by the device to the patient) and the 

particle or droplet size, which affects 

where the product will deposit,” he 

says. “These parameters are critical for 

inhaled and nasal product performance 

as they ensure that the right amount 

of drug is delivered to the right part of 

the nose or lungs, and are key stability 

indicating tests for development and 

routine testing of these product types.” 

Biologics, in general, can suffer from 

changes in activity and structure when 

exposed to extremes of condition, as 

typical of a nebulized or nasal system, 

observes Wake. “When considering 

inhaled or nasally delivered biologic 

materials, it is also necessary to include 

analytics to ascertain if the delivery 

mechanism has adversely effected 

such parameters,” she says. 

“Consequently, it is necessary 

in any quality control programme 

supporting inhaled/nasally delivered 

biologics to combine chromatographic 

methods (e.g., reversed-phase size 

exclusion chromatography [RP–SEC] 

and/or SEC) used to provide precise 

and accurate measure of delivered 

dose with analysis to confirm 

maintenance of biological activity 

(typically a cell-based potency assay) 

and absence of structural change, 

such as aggregation (SEC/dynamic 

light scattering [DLS]/analytical 

ultracentrifugation [AUC]), which can 

have a detrimental impact on both 

product efficacy and safety,” Wake 

explains. “The complexity of biologics 

analytics in any application often 

requires the application of multiple 

techniques to overcome the limitation 

of any one individual approach.”
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The market for prefilled syringes (PFS) is expected to grow 

to reach sales of €6.05 million (US$6.6 million) by 2020 (1). 

Nine out of the top 10 products produced in PFS are biologics 

(2). The use of PFS as a primary container and delivery system 

offers significant advantages for biologic products. These 

advantages include reduced risk of medication errors, simplified 

and faster preparation and administration, and reduced overfill 

requirements—which can reduce batch volumes and cost of the 

drug substance. While advantageous compared to vials, the use of 

PFS as a primary container adds additional complexity to what are 

already considered complex products. The PFS product contact 

materials, and filling and stoppering process, may have an impact 

on the formation of protein aggregates and particulate matter. As 

the link between immune response and protein aggregation has 

been understood over the past decade, the United States Food 

and Drug Administration has urged product developers to employ 

risk reduction strategies to better understand the susceptibility 

of products to aggregation and to use orthogonal techniques to 

characterize final product (3, 4). PFS product developers must 

understand the impact the syringe manufacturing process can have 

on product contact materials and the influence the filling process 

can have on particle formation and final drug product quality. 

Though vials and PFS are composed of similar materials, such as 

pharmaceutical-grade glass and rubber, the manufacturing process 

for syringes and requirements for functional performance increase 

potential product contract materials. PFS container compatibility 

issues have been determined to be a root cause of protein 

aggregation in multiple products (5–7). The PFS system consists of 

the barrel, which, on one end has a tip with staked needle, luer lock, 

or slip tip. The tip or needle is closed with a rubber tip cap or rubber 

needle cover, often with a rigid plastic cover. The opposite end of 

the barrel has a flange and is sealed with a rubber plunger stopper. A 

plunger rod is inserted into the plunger stopper but does not come in 

contact with the product (see Figure 1).

Wendy Saffell-

Clemmer, BPS, is 

research director, R&D 

and innovation, at Baxter 

Healthcare.

Differences in materials

The production of glass syringes 

differs significantly from vials. Until 

recently, most syringe barrels were 

made from glass, but new options 

that are growing in popularity 

include polymers such as cyclic 

olefin co-polymer (COC) or cyclic 

olefin polymer (COP). Glass vials are 

typically made from both Type IA 

and Type IB borosilicate glass, while 

glass PFS use only Type IB. Type 

IA and IB glass differ in chemistry 

and in thermal properties, which 

allows Type IB to be formed at lower 

temperatures, allowing the syringe 

barrels to be shaped from long tubes 

of glass. Additionally, the lower 

temperatures (less than 1200 °C) 

used for syringe forming versus vial 

forming (up to 1400 °C) reduce the 

risk of delamination (8). The glass 

tubing is produced through several 

processes that involve heating the 

glass mixture, pulling the glass, and 

blowing through a hollow tip to form 

a tube (9). The tubing is cut into 

sections, and a flange is formed first 

using heat and forming tools. The 

flange region of the barrel has no 

product contact. A cone is formed 

at the opposite end by heating the 

glass while inserting a tungsten probe 

and compressing the glass around 

the probe. The tungsten probe is 

removed, resulting in a fluid path 

through the syringe tip. If a staked 

needle is used, it is placed and glue 

is applied, which is then cured with 

ultraviolet light.

Adverse event reports

Since June 2012, five recalls have 

been issued in the United States as a 

result of glass delamination in vials, 

while there have been no reports 

of delamination in syringes during 

the same time period (10). A greater 

concern resulting from the production 

process of syringe barrels is residual 

tungsten, which has been identified 

as a root cause for the formation of 

protein aggregates in epoetin alfa 

and an unidentified alpha-helical 

protein (6). Risk of tungsten-induced 

aggregation may be greater in 

formulations with a pH less than 

seven (6, 11). Additionally, the use 

of vacuum stoppering may increase 

the likelihood of tungsten-protein 

interactions because it may remove 
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the air gap at the tip of the syringe, 

increasing the contact of the drug 

product with the “tungsten-rich” cone 

of the syringe (6). 

The incidence of tungsten-induced 

aggregation is formulation-specific 

and may be molecule-specific. 

In internal studies, a monoclonal 

antibody (mAb) solution was spiked 

with sodium tungstate at levels of 1, 

10, and 100 ppm and then analyzed 

by size-exclusion chromatography 

(SEC), turbidity, and imaging particle 

analysis. No patterns were observed 

that indicated measurable interaction 

of the mAb with sodium tungstate.

Most PFS are supplied ready-to-fill 

in a nest or tub format. All glass and 

most polymer syringe barrels require 

some level of silicone application 

to ensure that the plunger stopper 

moves smoothly during administration. 

Stoppers and needles may also 

be siliconized. An advantage of 

coating barrels with silicone is that 

it can protect the glass from etching 

processes resulting from higher pH 

formulations and further reduce risk 

of delamination (12). The application of 

silicone is typically performed by the 

syringe manufacturer and is usually 

performed by atomizing viscous 

silicone fluid using high-pressure air. 

The silicone may be applied using a 

fixed needle, which is located at one 

position during the application process, 

or a diving needle which applies the 

silicone while moving within the barrel. 

The use of the diving needle has 

been demonstrated to improve the 

consistency of the silicone coating over 

the syringe barrel interior and improve 

the gliding force profile (13). Silicone 

may be applied as a non-reactive 

oil, a non-reactive emulsion, or as a 

reactive or curable silicone fluid. A 

high-temperature baking process is 

required to cure silicone emulsions or 

silicone fluid. Cross-linked silicone is 

also available in specific low-silicone 

PFS products.

Silicone has also been 

implicated in the formation of 

protein aggregates and protein-

silicone complexes (7). Silicone 

oil-induced aggregation is more 

likely to occur in formulations 

lacking in surfactants, at high 

protein concentrations, and 

at formulation pH near the 

protein’s isoelectric point (pI). The 

occurrence increases with rising 

silicone oil concentration. Fewer 

silicone-related particles can be 

expected in products filled in 

PFS with baked-on silicone than 

with silicone oil. Also, agitation of 

syringes with headspace resulted 

in greater particle counts than 

in containers without headspace 

(13). United States Pharmacopeia 

Chapter <1787> classifies silicone 

particles as intrinsic, but cautions 

that “careful design, control, and 

application of the silicone oil are 

recommended to obtain proper 

functionality with the minimum 

amount needed for the shelf life of 

the product” (14). The chapter warns 

that protein may be absorbed into 

silicone oil droplets. The mixture of 

particle sizes of silicone oil droplets 

and silicone oil-protein complexes 

may mimic those of inherent protein 

particles. Fortunately, silicone oil 

droplets are easily differentiated 

by their morphology and optical 

properties when particulate matter 

analysis is performed by imaging 

particle analysis (15). 

Laboratory studies completed at 

Baxter Biopharma Solutions have 

indicated that silicone oil-induced 

aggregation is product-specific. In 

a typical study, a mAb formulation 

was spiked with silicone oil levels of 

0.5 mg/mL and 1.0 mg/mL and then 

agitated on a shaker table for four 

hours at room temperature. Analysis 

by SEC, turbidity and imaging particle 

analysis identified no measurable 

change in aggregation resulting 

from the addition of silicone oil. 

In one internal study, the silicone 

spiked formulation was placed on 

stability for nine months at real time 

and accelerated conditions without 

indication of impact to product 

quality. Silicone-sensitive products 

can be filled in low-silicone syringes 

or a silicone-free polymer syringe. 

However, even low-silicone syringes 

can have lot-to-lot variability. In one 

such case, high particle counts were 

observed in a batch of syringes filled 

with product. Micro-flow imaging 

was used to identify the particles 

as silicone droplets based on their 

morphology. The issue was isolated 

to one syringe manufacturing lot. In 

an internal laboratory study, syringe 

samples from a previously used 

acceptable lot, the suspect lot, and 

a new lot were filled with placebo 

solution, allowed to sit for 30 minutes, 

and then the solution was drained, 

pooled, and tested for particles by 

light obscuration. As suspected, 

the solution from the suspect lot of 

Figure 1: Syringe components.

The use of prefilled 

syringes as a primary 

container and delivery 

system offers significant 

advantages for biologic 

products.
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syringes contained a higher level of 

particles than the solutions stored in 

the other two lots of the same syringe 

assembly.

PFS filling lines are typically 

equipped with rotary piston pumps 

or peristaltic pumps. Historically, 

piston pumps offered greater 

accuracy and speed, but advances in 

peristaltic pump head design, drive 

motors, and calibration algorithms 

have narrowed differences in 

performance for most formulations 

(16). Accuracy may be decreased 

when peristaltic pumps are used 

to dispense viscous formulations 

greater than 100 cP. Rotary piston, 

time-pressure, peristaltic, and rolling 

diaphragm pumps were evaluated 

for their impact on particle 

formation in a purified mAb solution 

(17). The study concluded that while 

the measured amount of aggregates 

by SEC was unchanged, use of a 

piston pump increased levels of 

proteinaceous particles observed 

by imaging particle analysis. The 

author theorized that the increase 

in particles could be the result of 

sheer denaturation and concluded 

that potential for the increase in 

aggregates may be product-

specific (17). 

A Baxter product development 

study provided additional evidence 

that sensitivity to denaturation 

during pumping is not only molecule-

specific but formulation-specific. 

Sheer sensitivity was evaluated by 

stressing a formulated mAb solution 

at a rate of 1500s-1 for up to three 

hours using a rotary cone viscometer 

followed by analysis by SEC and 

micro-flow imaging. A slight increase 

in aggregate concentration (< 0.2%) 

was observed through SEC, but it 

was well within assay variability and 

a fragment peak increased (<1%) 

after three hours. Particle counts 

by imaging particle analysis also 

increased within expected levels 

based on prior studies. The same 

solution was subjected to 25 cycles 

of repeated circulation through 

a piston pump without increases 

in particle count, aggregates, or 

fragments. After receipt of a new 

lot of API, however, small visible 

particulates were observed in 

process development samples 

subjected to piston pumping after 

storage for seven days. An evaluation 

using imaging particle analysis and 

microscopic magnification revealed 

that the particles appeared to be 

proteinaceous. A comparative study 

was initiated in which formulated 

material using the new API was 

cycled three times through a 

peristaltic or piston pump, filled in 

syringes, and placed on stability at 

accelerated and real-time conditions 

for three months. Samples exposed 

to piston pumping developed visible 

particulates in as little as seven days 

at accelerated storage temperatures. 

A significant increase in 1–2 μm 

subvisible particles was observed 

in the piston pump cycled samples 

stored at accelerated conditions 

throughout the duration of the study. 

Following the pumping, a follow-up 

study was performed comparing 

different buffer systems. All other 

formulation parameters remained 

equal, including the pH, the protein 

concentration, and the concentration 

of surfactant. The two formulations 

were exposed to three cycles 

through a piston pump and placed 

on stability. An immediate increase 

in 2–10 μm and 10–25 μm particles 

was observed in pumped samples of 

both formulations relative to control. 

After storage at 5 °C for six weeks, 

the number of particles counted in 

the range of 2–10 μm and 10–25 μm 

increased significantly in formulation 

two samples exposed to pump 

cycles. A corresponding increase 

was not observed in formulation 

one samples (Figure 2) relative to 

control. After six weeks of 25 °C 

storage, both the formulation two 

control and exposed sample had 

increased particle counts, indicating 

that the product was not stable in 

the selected buffer component. No 

changes were observed by SEC.

The development of biologic PFS 

products must be undertaken with a 

thorough understanding of the impact 

product contact container materials 

and filling processes may have on 

the potential for protein aggregation 

and product quality. While potential 
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Figure 2: Particle analysis for two formulation samples following 

3X piston pump cycles.

The use of prefilled 

syringes as a primary 

container adds additional 

complexity to what 

are already considered 

complex products.
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risks can be generalized, the impact 

of such variables as syringe type and 

pumping method on the product 

is both molecule- and formulation-

specific. Product-specific studies 

can allow for the design of specific 

risk reduction strategies and 

allow product developers to make 

scientifically sound decisions while 

meeting other requirements related 

to container selection and filling 

technology such as cost, availability 

of equipment, dosing accuracy, end 

user safety, and ease of use.
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Comparison of Permitted Daily 
Exposure with 0.001 Minimal 
Daily Dose for Cleaning Validation
Ester Lovsin Barle, Camille Jandard, Markus Schwind, Gregor Tuschl, Claudia Sehner, and David G. Dolan

A commonly used method in cleaning validation 

is 0.001 of the minimal daily dose (MinDD). This 

method lacks a consensus definition, as well as a 

source document where MinDD can be obtained. In 

November 2014, the European Medicines Agency 

published a guidance document requiring the 

calculation of permitted daily exposure (PDE) 

limits. In this study, the authors investigated the 

relationship between the 0.001 MinDD and the PDE 

values for 140 drug substances as an attempt to 

identify high-risk groups of products for patient 

safety. This comparison can serve as a method for 

prioritization of APIs for development of PDEs.

Chapters 3 and 5 of the European Union’s EudraLex 

Guidelines for Medicinal Products for Human and Veterinary 

Use require a toxicological evaluation to assess and control 

cross-contamination risks presented by the drug products man-

ufactured in shared production facilities (1, 2). The European 

Medicines Agency (EMA) regulatory guideline on the setting of 

permitted daily exposure (PDE) values came into effect for all 

new human pharmaceutical products on 1 June 2015, and for 

all existing human pharmaceutical products on 1 Dec. 2015 (3). 

Presently, pharmaceutical companies are investing significant 

effort into providing the requested PDE values based on toxico-

logical and pharmacological data for all their products manufac-

tured in multipurpose facilities.

In the past, several other methods were used in the 

pharmaceutical industry for determining an acceptable 

level of carryover with uncertain levels of patient health 

protection (4). One of the most frequently used methods was 

0.001 of the minimum daily dose (MinDD). The use of 0.001 

MinDD was proposed as the first of a set of three criteria, 

each of which had to be met, for determining acceptance 

limits for cleaning validation (5):

• No more than 0.001 of the minDD of any product will 

appear in the maximum daily dose of another product.

• No more than 10 ppm of a product will appear in another 

product.

• No quantity of residue will be visible on the equipment 

after cleaning procedures are performed.

The dose criterion makes no distinction between solid or 

liquid forms, or between the different routes of administration 

(topical, parenteral, inhalation). The core issue with the first 

criterion, however, is the absence of a clear and health 

protective definition of the term MinDD, in particular, one that 

resolves the operational issues in deriving the MinDD. The 

terminology and definitions were recently discussed (6). In 

the absence of an operational definition from a regulatory 

or consensus organization, the answer to what constitutes 

the MinDD has been subjectively established by each 

pharmaceutical company based on explicit or implicit decisions 

and judgments on these key issues:

• Is the minimum daily dose the smallest therapeutic daily 

dose administered to healthy adults, or should it encompass 

all potentially sensitive subpopulations and requisite dosing 

reductions (e.g., patients with underlying disease [such as 
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renal or hepatic impairment], patients taking concomitant 

medications with potential drug interactions, paediatric 

patients, or pregnant or nursing women)?

• How do you deal with complex posology (dose, frequency, 

and method/route of administration)?

 o  For drugs that are administered chronically on an 

intermittent basis (e.g., once a week or once a month), 

is it appropriate to divide the bolus dose by the 

number of days between doses (e.g., 7 or 30) in the 

calculation of the MinDD?

 o  For medications that are administered only 

once or only a small number of times in a lifetime 

(e.g., anaesthetics or medications for reversal 

of neuromuscular blockade after surgery) but 

could potentially cross-contaminate drugs that are 

administered daily, can this single dose value be 

used, or would it be appropriate to include a factor for 

lifetime daily exposure in the calculation of the MinDD?

 o  For medications with differences in routes of 

administration between the initial and subsequent 

drug product, should differences be considered in 

relative bioavailability in the calculation of the MinDD, 

as for instance, the carryover of a parenteral drug with 

low oral bioavailability into a subsequent oral drug?

• How do you calculate the MinDD for a drug that is not 

approved or is contraindicated for a subpopulation that could 

potentially receive it through cross-contamination? As an 

example, drugs previously classified as FDA Category D or 

X should not be administered to pregnant women. Does it 

make sense to use the MinDD of nonpregnant females or 

healthy males (e.g., angiotensin-converting enzyme inhibitors) 

as the basis of MinDD in such carryover calculations?

• What confidence is there in 0.001 MinDD for a drug that 

may cause serious adverse effects from a single or small 

number of doses (e.g., anaphylaxis from a residual beta-

lactam antibiotic, embryo-fetal toxicity from an antine-

oplastic such as thalidomide)?

In practice, varying responses to these questions has 

resulted in different cleaning limits with the MinDD criterion. 

These questions also highlight the ambiguity of the former 

methodology, and how arbitrary decisions or judgments could 

result in profound differences in carryover limits.

Others have recently proposed methods to establish 

expedited PDE values based on occupational exposure 

levels (OELs) and occupational exposure bands (OEBs) (7). 

The availability of OELs and OEBs may be helpful to prioritize 

these substances for PDE-setting, but are of limited validity 

as surrogates for PDEs given that OELs and OEBs are derived 

to protect healthy adult workers and focus principally on the 

inhalation route of exposure. Consequently, they are subject to 

some of the same issues as MinDD described (e.g., differences 

in therapeutic routes of administration and protection of 

sensitive sub-populations). In the present article, the authors 

investigated the mechanism of action (MOA) or therapeutic 

area of 140 drug substances (DS) and compared their PDE 

values with the 0.001 MinDD in effort to help identify the critical 

drug product types that are of highest priority with regard to 

expert toxicological evaluation and PDE determination. This 

prioritization tool can be helpful for those companies that have 

large portfolios of legacy APIs that need to be assessed by 

expert toxicologists as well as the auditors that are looking for a 

tool to identify patient safety critical substances.

Method

The study evaluated 140 drug substances manufactured by 

Novartis. PDE values were calculated following the EMA guideline 

and recently published criteria (8–11). PDEs were compared to the 

MinDD used in therapy divided by a factor of 1000 (0.001 MinDD). 

The quotient of these two values was termed R. The minimum 

therapeutic dose for these calculations was based on the lowest 

known therapeutic or the starting dose identified in the published 

literature. To avoid the confounding effects from adjustments 

necessary to account for different routes of administration (e.g., 

topical, parenteral, inhalation), the same route of administration 

was assumed for a subsequent drug in these comparisons (e.g., 

PDE oral in μg/day with 0.001 MinDD in μg/day used in oral treat-

ment). For the purposes of simplification, drugs that do not have a 

daily dosing regimen were excluded from this evaluation.

Results and discussion

The comparison of the PDE value by route of administration 

with the respective 0.001 MinDD is shown in Figure 1. The 

ratio R=PDE/0.001 MinDD for the 140 drug substances investi-

gated was plotted in decreasing order. Red bars indicate thera-

peutic substances where R < 1. There were 9% (n=12) out of 

the 140 drugs evaluated in the group with R < 1, and 11% (n=16) 

of the group with 1 ≤ R <10; 26% (n=37) of the drugs evalu-

ated had 10 ≤ R <50, and 53% (n=75) of substances had R≥50. 

Depending on a company’s drug portfolio, these percentages 

would be different. For example, a company that has a large 

oncology portfolio might have a higher percentage of sub-

stances with R <10. Table I presents all of the drug substances 

with R<10, which includes all of the antineoplastic medications. 

The drugs that really stand out in this comparison of PDEs and 

MinDD derived carryover limits are the antineoplastic agents 

and the organ transplantation anti-rejection drugs.

Antineoplastic agents 

This observation makes sense as most older antineoplastic 

agents (e.g., alkylating agents, antimetabolites, antibiotics, and 

topoisomerase inhibitors) interact directly with DNA or its pre-

cursors, causing indiscriminant damage to normal and malig-

nant cells (12). These agents, with several other mode of action 

(MOA), are known to be able to affect fertility or embryo-fetal 

development (EFD). Additionally, many of them, in particular, 

the first- and second-generation antineoplastics, are genotoxic. 

Generally, antineoplastic drugs are administered to cancer 

patients at high doses, often at the maximum tolerated doses 

for patients, while effects on EFD may occur at much lower 

doses. Therefore, PDEs are lower than 0.001 MinDD for most 

anticancer substances, and use of 0.001 MinDD as a carryover 

limit could potentially pose a risk to patients. 
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Doxorubicin is an example of an antineoplastic that has a PDE 

10-fold lower than 0.001 MinDD. Doxorubicin causes nucleotide 

base intercalation and has apparently prolonged tissue binding 

activities that affect its excretion. Independent of the primary 

mechanism of cell damage, the cellular response is frequently 

apoptosis. Doxorubicin was embryotoxic and teratogenic in 

preclinical studies. It is positive in several genotoxicity studies 

and is classified by the International Agency for Research on 

Cancer (IARC) as Group 2A (probably carcinogenic to humans) 

based on sufficient data from animals (13). Its lowest therapeutic 

dose is 20 mg/m2 weekly and was, therefore, excluded from the 

evaluation in Figure 1 and Table I. Doxorubicin is not suitable 

for oral administration as less than 5% of the drug is absorbed. 

Its terminal half-life is approximately 20–48 hours. Impairment 

of liver function results in slower excretion and, consequently, 

increased retention and accumulation in plasma and tissues 

(14). This example shows a number of factors that would lower 

the PDE value below the 0.001 MinDD, such as adverse effects 

in reproduction/development, genotoxicity, carcinogenicity, 

nondaily administration, potential for accumulation, and sensitive 

subpopulation of patients (e.g., those with liver damage or 

pregnant women). Clearly, there could be a significant risk to 

patients from carryover if the MinDD, which is based on once per 

week dosing, were used as the basis for the calculation.

Another group of substances that have R<10 are sex hormone 

modulators indicated as antineoplastics. Examples in this group 

are oestrogen receptor antagonists and oestrogen receptor 

modulators, which can cause adverse effects on reproduction 

and EFD. In this group, oestrogen receptor agonists, in addition 

to the EFD effects, were found to also have carcinogenic 

potential. Aromatase and androgen receptor inhibitors, as 

well as antiandrogens, are also consistently found in the group 

where R<10. For example, tamoxifen citrate is a selective 

oestrogen receptor modulator (SERM). Tamoxifen and several of 

its metabolites are thought to act as oestrogen antagonists by 

competitively binding to oestrogen receptors on tumour and other 

tissue targets, producing a nuclear complex that decreases DNA 

synthesis. This mechanism appears to cause cells to accumulate 

in G0 and G1 phases and may induce apoptosis independent 

of oestrogen receptor expression. It is also recognized that 

tamoxifen acts as an oestrogen agonist on endometrium, bone, 

and lipids. Primary uses of tamoxifen are brain tumours, breast 

cancer, melanoma, and soft tissue sarcoma. Other uses are 

carcinoid tumour, endometrial cancer, and pancreatic cancer. 

Reproductive toxicity and non-genotoxic carcinogenicity have 

been reported for other SERMs such as raloxifene hydrochloride 

and lasofoxifene tartrate. Raloxifene and lasofoxifene have been 

shown to be teratogenic whereas tamoxifen may be potentially 

teratogenic (15).

In contrast to the mentioned hormone or hormone-modulating 

substances, there are other agents from the same group that 

pose a lower risk to patients. Progestogens, progestins, and 

corticosteroids generally have PDE values greater than 0.001 

MinDD. Equally low priority drugs are thyroid hormones and their 

modulators or peptide hormones such as vasopressin, oxytocin, 

and prolactin even though their absolute PDE values may be low.

Immunosuppressants

In Table I, there are several immunosuppressive or immunomod-

ulating substances indicated for use in organ transplantation, such 

as cyclosporine A, mycophenolate mofetil, and mycophenolic 

acid. These substances may cause adverse effects in pregnancy 

and are dosed in relatively high doses in patients undergoing 

organ transplantation. Cyclosporine A is a calcineurin inhibitor, 

and mycophenolate mofetil and mycophenolic acid are purine 

synthesis inhibitors. An additional adjustment factor is assigned to 

these medicines because of concern for their potential to cause 

adverse effects on reproduction or development. Conversely, 

mammalian target of rapamycin (mTOR) inhibitors such as tac-

rolimus and everolimus have R > 100 because adverse effects on 

reproduction-development are not driving the PDE values. If the 

adverse effect profile of these substances would be entirely due 

to the pharmacological action of the substance, the likelihood 

that the PDE would be lower than 0.001 MinDD is low. However, 

as these adverse effects are pharmacologically-mediated, their 

R-ratios are higher. The PDE is established to prevent any adverse 

effects, whether pharmacologically- or toxicologically-mediated.

Antivirals and antibiotics

Antiviral substances may potentially have genotoxic, develop-

mental, or reproductive effects. These effects lower the PDE 

values because an additional adjustment factor for severity 

of effect is applied. One example is ribavirin, which has a PDE 

value lower than 0.001 MinDD due to adverse effects on fertility 

and EFD and a long elimination half-life of more than 150 hours, 

and therefore, a potential for accumulation with the assumption 

of repeated daily exposure required for PDE calculations.

PDE by the route/ 0.001 MinDD (R ratio)
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Figure 1: Comparison of the permitted daily exposure 

(PDE) value by the same route of administration as the 

minimal daily dose (MinDD) of the same drug substance 

with 0.001 of the MinDD represented on a logarithmic 

scale. The data on the y-axis were plotted as the log of 

the ratio R of the PDE to the 0.001 dose (R = PDE/0.001 

MinDD), which makes 1.00 on the y-axis the point at 

which the PDE equals the 0.001 MinDD. Drug substances 

on the x-axis are shown in a decreasing R ratio. 

Substances with log R<1 (i.e., R<10) are marked red.
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The authors evaluated the 14 antibiotics in their company’s 

portfolio, none of which were beta-lactams. Some of these 

antibiotics have very high MinDD values, including neomycin, 

with a MinDD of 33 g/day. The R was typically around 10 

because these antibiotics may be skin or respiratory sensitizers, 

which typically result in low PDE values.

There were four antibiotics out of 14 that had R<10: 

chloramphenicol, two aminoglycosides (gentamycin, and 

neomycin), and tigecycline, a tetracycline antibiotic. The 

aminoglycosides amikacin, gentamycin, kanamycin, neomycin, 

netilmycin, paromomycin, spectinomycin, streptomycin, and 

tobramycin inhibit protein synthesis in gram-negative bacteria 

and have bactericidal activity. Aminoglycosides rapidly cross the 

placenta. Aminoglycosides cause nephrotoxicity and ototoxicity. 

Congenital hearing loss has been documented in association with 

prenatal exposure to streptomycin and kanamycin, but not with 

the use of gentamycin and tobramycin. This distinction between 

the substances within the same class of antibiotics shows the 

importance of the toxicological and pharmacological evaluation 

in discriminating patient safety issues even with the same class 

of drug. In addition, aminoglycosides pose a potential risk for skin 

sensitization, which has been observed in patients who have 

applied the drug topically. Neomycin has an oral MinDD of 3000 

mg/day and equally high oral PDE values. Due to its low oral 

bioavailability (less than 10%), the PDE intravenous is lower than 

oral; however, high maximal safe carry-over limits are expected 

to exceed other quality criteria in cleaning, such as visually clean.

A number of antibiotics have effects other than just those 

on bacterial growth. For example, trimethoprim is a folate 

antimetabolite and thus has the potential for EFD effects. 

Chloramphenicol was also found to have R<10. Chloramphenicol 

is relatively toxic and can cause severe agranulocytosis. It 

readily crosses the placenta and can reach therapeutic 

concentrations in the fetus. It is genotoxic and has been 

Table I: Detailed list of substances with their mode of action and/or therapeutic area that had R = PDE/0.001 MinDD 

ratio < 10 (red bars in Figure 1). PDE is permitted daily exposure. MinDD is minimal daily dose.

Therapeutic area Mode of action R

Organ transplantation Calcineurin inhibitor 9

Antiemetic Neurokinin 1 antagonist 9

Antineoplastic Tyrosine-kinase inhibitor 8

Antineoplastic Tyrosine-kinase inhibitor 7

Antibiotic Tetracycline 7

Antibiotic Aminoglycoside 7

Antibiotic Aminoglycoside 7

Sex steroid Oestrogen receptor agonist 7

Antineoplastic Sex hormone modulator: nonsteroidal antiandrogen/testosterone congener inhibitor 5

Antihypertensive Renin inhibitor 4

Antiviral Nucleoside reverse transcriptase inhibitor 3

Antineoplastic Tyrosine-kinase inhibitor 2

Antineoplastic
Sex hormone modulator: aromatase inhibitor; oestrogen receptor antagonist; oestrogen 

receptor modulator 
2

Antineoplastic Cyclin-dependent kinase (CDK) inhibitor 2

Antineoplastic Sex hormone modulator: androgen receptor antagonist 2

Antineoplastic Folic acid metabolism inhibitor 1

Antibiotic Chloramphenicol 0.70

Antineoplastic Cyclin-dependent kinase (CDK) inhibitor 0.52

Antiviral Multiple: against both RNA and DNA viruses 0.33

Antineoplastic Histone deacetylase inhibitor (HDAC) 0.26

Antineoplastic Sex hormone modulator: oestrogen receptor antagonists; oestrogen receptor modulator 0.25

Organ transplantation Antimetabolite: purine synthesis inhibitor 0.23

Antineoplastic Arsenic substance 0.19

Organ transplantation Antimetabolite: purine synthesis inhibitor 0.15

Antineoplastic DNA replication inhibitor: DNA precursor/ antimetabolite 0.09

Antineoplastic DNA replication inhibitor: DNA precursor/antimetabolite 0.07

Antineoplastic DNA replication inhibitor: DNA precursor/antimetabolite 0.01

Antineoplastic Hedgehog signaling pathway inhibitor 0.01



34    Pharmaceutical Technology Europe MAY 2017  PharmTech.com

Peer-Reviewed

classified by IARC in Group 2A, as probably carcinogenic to 

humans (13). Tetracyclines cross the placenta, and they bind 

strongly to calcium ions. From the sixteenth week of pregnancy, 

tetracyclines are strongly bound in this way in developing tooth 

and bone structures, causing brown permanent discolouration 

of deciduous teeth and inhibition of bone growth. They can 

cause liver toxicity in the mother and are contraindicated in 

pregnancy and in children younger than eight years of age.

Fluoroquinolone antibiotics have a narrow range of doses 

between the minimal and maximal daily doses. For those 

substances, a larger factor is applied to the therapeutic dose 

to get from a lowest observed adverse effect level (LOAEL) to 

no observed adverse effect level (NOAEL). In addition, as they 

may cause hypersensitivity reactions, an additional factor for 

severity of effect is incorporated into the PDE calculation.

Macrolide antibiotics are not considered high priority APIs, 

despite issues with erythromycin, which is considered a skin 

and respiratory sensitizer. Erythromycin is considered a safe 

and effective antibiotic during pregnancy. Other macrolides 

are also generally safe to be used in pregnancy.

Polypeptide antibiotics are considered low in priority as they 

have not shown any effects on embryo-fetal development. 

Vancomycin has a high MinDD of 500 mg/day orally (indicated 

for the treatment of staphylococci enterocolitis and 

pseudomembranous colitis caused by Clostridium difficile in 

the gastrointestinal tract) and 1000 mg/day with intravenous 

administration (indicated for the treatment of systemic infections 

caused by gram-positive bacteria including staphylococci and 

streptococci). It is poorly absorbed from the gastrointestinal 

tract. The carryover values calculated for this substance are 

expected to be above the visually clean criteria. Teicoplanine has 

a very long elimination half-life and, therefore, the potential for 

accumulation, which is accounted for in the PDE calculation.

Challenges with minimal daily dose 

For an innovator company, the PDE calculation for a drug is based 

on a review of the totality of clinical and nonclinical data to iden-

tify the NOAELs and LOAELs from the most relevant regulatory 

documents available, such as the investigator’s brochure or the 

core data sheet, supplemented by review of the literature for 

compounds with the same target. After adjustment, the lowest of 

these values termed the point of departure (POD), which is a dose 

that should not cause a significant pharmacological or toxicolog-

ical effect, serves as the basis of the PDE calculation. For example, 

the lowest oral therapeutic dose of irbesartan is 75 mg/day, but 

its lowest pharmacologically active dose is 10 mg/day. There is a 

seven-fold difference between these two values.

In the absence of the minimal pharmacologically active 

dose, there may be a different dose used in the initial therapy 

than in maintenance. For carbamazepine, the initial dose is 

100 to 200 mg once or twice daily and the maintenance dose 

is 400 mg two to three times daily. The 12-fold difference 

between the lowest starting dose (100 mg/day) and highest 

maintenance dose (3x 400 mg/day = 1200 mg/day) simply 

reemphasizes one aspect of the problematic nature of the 

MinDD in the calculation of safe carryover limits.

Also, when tabulating the MinDD values, it is important 

to include the route of administration. Toxicological 

documentation usually provides oral, parenteral (e.g., 

intravenous or intramuscular), and inhalation PDE values 

for each substance. These values may be significantly 

different because of differences in bioavailability. For 

example, zoledronic acid, ibandronate, and pamidronate are 

bisphosphonates indicated for the treatment and prevention 

of bone diseases, including hypercalcaemia of malignancy, 

osteolytic bone metastases from solid tumours and osteolytic 

lesions of multiple myeloma, postmenopausal osteoporosis, 

and Paget’s disease. They have a low oral bioavailability of 

<10%. Therefore, selecting an intravenous MinDD when the 

next substance produced in the same equipment is dosed 

orally would give a conservative approach. Another example is 

some of the antibiotics. Neomycin was previously mentioned 

as an example of a drug that is indicated for different 

treatments with oral and intravenous administration. Selecting 

the appropriate route for MinDD is, therefore, crucial. The PDE 

value considers the pharmacokinetic and pharmacodynamic 

effects appropriately in the calculation of PDEs for various 

routes of administration.

When substances are dosed with non-daily dosing 

regimen, the MinDD may not be an appropriate value without 

extrapolating to a daily dose. For example, the recommended 

dose of pamidronate for the treatment of predominantly 

lytic bone metastases and multiple myeloma is 90 mg 

administered as a single infusion once every four weeks. 

Extrapolation from 90 mg/28 days to daily dose is 3.2 mg/

day pamidronate disodium. When the PDE is calculated, the 

extrapolated daily dose is taken as a point of departure (POD), 

given that the definition of the PDE is a safe dose for daily 

administration. It is doubtful whether the dosing regime has 

been routinely incorporated into the MinDD values used as a 

basis for safe carryover calculations. The non-daily dosing can 

be considered in the product-specific PDE values. The issues 

of establishing a product-specific PDE, when the following 

drug product is known, and methods to derive these values 

are discussed elsewhere (16).

Lastly, the substances that are either dosed only for short 

treatment duration or substances that are dosed with non-

daily treatment regime may have long elimination half-lives 

and a potential for accumulation. For example, netupitant, a 

neurokinine-1 (NK-1) receptor antagonist indicated as an 

antiemetic, has a mean elimination half-life of 86.3 hours. 

Accumulation of netupitant has been observed in a repeated-

dose study with a once-per-day dosing frequency. Therefore, in 

the calculation of the PDE for netupitant, a factor of five was 

applied for accumulation.

Conclusion

Data are presented comparing safe carryover limits derived 

from PDEs and 0.001 MinDD for 140 different APIs. Grouping 

these medications by therapeutic use or MOA differentiates 

between medications that would potentially pose a risk for 

patients. Antineoplastics have consistently had 0.001 MinDD 
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values less conservative than PDE values. In addition, the 

adverse effect profile (EFD effects, genotoxicity, carcinogenicity, 

and other off-target effects), potential for accumulation, and 

non-daily dosing regimen of a drug will drive the PDE value 

potentially below the 0.001 MinDD. The MinDD in this study is 

useful in demonstrating how a pharmaceutical company could 

prioritize its drug portfolio to identify those requiring compre-

hensive assessments as a first priority. The results further show 

that there are limitations of the MinDD criterion and support the 

use of the PDE limit for cleaning validation.
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Direct functionalization of unactivated C–H bonds is another 

field showing promise for simplification of synthetic routes through 

reduction of the number of required steps, according to Lutz. He 

also points to palladium-catalyzed cyanations with potassium 

ferrocyanide (19) as providing convenient access to amides, 

amidines, esters, and carboxylic acids while eliminating the concerns 

associated with current cyanide-based reactions.

Much work is also being directed at the development of non-

precious metal catalysis, which can reduce costs and toxicity and 

enable greener processes, according to Senanayake. He notes that 

significant strides have been made in this area in the past five years, 

with the development of nickel (Ni)- and iron-catalyzed sp2-sp3 

couplings of particular interest to the pharmaceutical industry (20–21).

Microwave reactors, according to Munk, offer enhanced reaction 

times and enable transformations that will only work under 

microwave conditions. Photo-redox reactions, meanwhile, allow the 

use of the cheapest and cleanest energy source (i.e., solar power) 

for chemistry, according to Song. In addition, this technology can be 

combined with chemistry to deliver greener processes (22–23).

A note about process development

“API manufacturing requires not only effective chemical 

technologies, but seasoned, experienced process chemists who 

understand the necessary requirements for the development 

of GMP processes, including route selection, cost efficiencies, 

robustness, reaction mechanisms, environmental impact, and 

product quality, among other attributes,” asserts James M. Hamby, 

vice-president of business development for Ash Stevens. These 

process chemists many times develop and report interesting 

modifications, efficiency enhancements, and uses of established 

chemistries to effect large-scale transformations.

“Each process presents a unique set of challenges. No one 

chemistry or technology really stands out as above all the rest. That 

is why experienced chemists working in a multidisciplinary team 

deliver the best results,” Hamby concludes. 
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An extractable/leachable (E/L) study is routinely performed on 

the materials comprising the manufacturing, packaging, and/or 

delivery system(s) of a pharmaceutical product to ensure they do not 

have a negative impact on the safety or efficacy of a drug. At its core, 

an E/L study involves the determination of a profile of substances 

that may be forcibly extracted (extractables) from a packaging 

material(s) or which may leach (leachables) from the material(s) 

and into the drug product during its manufacture, storage, and/or 

administration. These studies typically require the analysis of an array 

of matrices, ranging from polar aqueous solutions (e.g., aqueous drug 

formulations, aqueous buffers, water) to low-polarity organic solvents 

(e.g., ethyl acetate, hexane, dichloromethane). While some of these 

solvents are directly compatible with the analytical instrumentation 

employed within an E/L study, others require further processing 

prior to analysis. One such incompatibility occurs for the analysis of 

semi-volatile organic compounds in aqueous sample matrices by gas 

chromatography (GC), which is an analytical technique commonly 

used for both extractable and leachable studies. This lack of 

compatibility is a consequence of the high polarity and boiling point 

of water, which can cause issues such as peak distortion, excessive 

back flash in the inlet, or damage to the analytical column. 

To analyze aqueous sample matrices with GC instrumentation, 

the compounds of interest must first be transferred into a more 

volatile, less polar solvent. For E/L studies, this has historically been 

performed using liquid/liquid extraction (LLE) as evident by this 

technique’s use in E/L-related scientific publications and industry 

recommendations (1–6), as well as the author’s own experience 

performing these studies. LLE operates by combining the aqueous 

sample with an immiscible organic solvent. Compounds of interest in 

the aqueous sample phase are transferred into the organic solvent 

phase via a mixing step, provided they have a sufficient affinity 

for that phase. After phase separation, the organic portion can be 

analyzed directly or processed further as needed. Although LLE 

performs well in many circumstances, there are several drawbacks 

associated with its use, for example:
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• LLE frequently requires multiple 

extractions of a single sample, 

pooling of the extracts, and 

evaporation of solvent to produce 

a sample for analysis. This makes 

the procedure labour-intensive.

• Problematic emulsions can be 

encountered if an amphiphilic 

substance is present, such 

as a surfactant, formulation 

excipient, or an active ingredient. 

These emulsions prevent phase 

separation that can render the 

technique unusable if not resolved.

• Polar excipients that may be 

found in aqueous drug product 

formulations can partially 

transfer into the organic phase. 

These excipients may produce 

chromatographic interference in 

the GC analysis. 

• Concentration enrichment for 

the compounds of interest 

can be difficult. This issue is 

a consequence of the need to 

mix, separate, and evaporate 

large volumes of the sample and 

extraction solvent.

• The large volume of organic 

solvent that is frequently required 

for LLE precludes it from being 

considered an environmentally 

friendly technique.

An alternative to LLE that does 

not share these negative attributes 

is solid-phase extraction (SPE). This 

technique operates by extracting 

compounds of interest from the 

aqueous matrix onto a solid sorbent 

that is then rinsed to remove 

interferences, dried to remove 

water, and eluted as a concentrated 

fraction of GC compatible solvent. 

This technique provides several 

advantages over LLE for the 

preparation of aqueous samples for 

GC analysis, as highlighted in the 

following:

• SPE is less labour-intensive than 

LLE, a result of the extraction 

occurring in a single loading step 

without the need for mixing, 

phase separation, and solvent 

evaporation. Furthermore, SPE 

is easily automated using a wide 

range of commercially available 

systems that provide the option to 

further reduce hands-on labour.

• Emulsion formation is not an issue 

for SPE, as there is no mixing of 

immiscible liquid phases. 
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Solid-Phase Extraction 
for the Preparation 
of Aqueous Sample 

Matrices for Gas 
Chromatographic 

Analysis in 
Extractable/

Leachable Studies
Solid-phase extraction has several advantages over 

liquid/liquid extraction for extractables and leachables studies.
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Extractables and Leachables

• Polar excipients in drug 

formulations can be separated 

from the compounds of interest via 

a wash step resulting in a purified 

sample for analysis. 

• The concentration of the target 

compounds in a sample can 

be easily enriched by loading a 

large volume of sample onto the 

stationary phase followed by 

elution with a small volume of 

organic solvent. 

• The minimal volume of organic 

solvent used by SPE makes it a 

more environmentally friendly 

technique than LLE.

Because of these advantages, SPE 

has seen widespread use in areas 

such as environmental and biological 

sample analysis. However, despite 

its advantages, and its establishment 

as a routine technique in these and 

other areas, SPE has seen minimal 

usage for the preparation of samples 

within the E/L field. To help realize 

the potential that this technique has 

for use in E/L studies, the article will 

discuss the operating principles of 

SPE, situations within E/L studies 

where SPE may be advantageous, 

and studies that have been published 

using SPE for E/L work. 

Principle of operation

SPE is a form of liquid 

chromatography and thus can be 

performed in normal phase, reverse 

phase, or ion-exchange retention 

mechanisms. However, unlike other 

chromatographic techniques that 

separate compounds into individual 

bands or responses, the goal of 

SPE is to completely retain the 

compounds of interest while other 

undesired substances are eluted and 

discarded. This on/off operation leads 

to the categorization of SPE as a form 

of “digital chromatography” (7). 

The retention, or lack thereof, of 

compounds within a sample is 

typically achieved via optimization of 

the separation mode. In the case of 

E/L studies, for which a vast majority 

of the compounds encountered are 

relatively hydrophobic in nature, 

reverse phase is typically used. 

An SPE method consists of four 

steps (see Figure 1). The first step 

involves conditioning the stationary 

phase with a small volume (1–5 mL) 

of a water-miscible organic solvent, 

such as methanol, to wet the 

stationary phase, followed by an 

aqueous solution similar to the 

sample matrix. Once conditioned, the 

sample is flowed over the stationary 

phase. The volume of sample 

applied is determined based on the 

enrichment factor to be achieved, 

retention of the target compounds on 

the stationary phase, and complexity 

of the sample matrix. After loading, 

an optional wash step may be 

performed to separate interferences 

from the compounds of interest. To 

prevent water from entering the final 

sample, a drying step is typically 

performed by drawing air over the 

column. Once dried, a small volume 

(1–2 mL) of GC-compatible solvent 

can be applied to the stationary 

phase, collected, and used for 

analysis.

Considerations for 

the use of SPE and 

performance characteristics

The issue of retention must be 

considered when using SPE to 

ensure the compounds of interest 

are adequately recovered from 

the sample matrix. Retention is 

primarily a function of the mode 

of chromatography used, and as 

previously mentioned, reverse 

phase is typically employed for E/L 

studies. In reverse phase, a non-polar 

stationary phase adsorbs relatively 

non-polar compounds from a polar 

solvent. Thus, the sample matrix 

must be sufficiently polar so that 

it does not reduce the affinity of 

the compounds of interest for the 

stationary phase. In E/L studies, 

however, it is not uncommon to 

have an excipient or co-solvent in 

the sample matrix that reduces 

its polarity enough to potentially 

cause issues with recovery. In these 

circumstances, this incompatibility 

can be overcome by diluting the 

sample with water so the final 

solution loaded onto the stationary 

phase is sufficiently polar. 

Another issue related to retention 

is the desorption of a compound of 

interest from the stationary phase 

during sample loading. This issue, 

commonly known as breakthrough, 

is a function of the affinity of a 

compound for the stationary phase 

and the volume of sample being 

loaded. Effectively, breakthrough 

occurs when the capacity factor of 

a substance on the stationary phase 

for a given matrix is lower than the 

volume of sample being applied. In 

the case of a reverse-phase retention 

mechanism, polar compounds have 

a higher propensity for breakthrough 

than less polar compounds. 

A previously published study (8) 

assessed the use of SPE for the 

Conditioning Solvents

Step 1: Condition Step 2: Load
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Target Compounds:

Interferences:

To Waste
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Step 3: Wash Step 4: Elute
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Figure 1: Illustration of a typical solid-phase extraction (SPE) procedure.
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preparation of aqueous samples for 

analysis by gas chromatography in 

tandem with mass spectrometry 

(GC/MS), including an evaluation of 

recovery and breakthrough of 31 

common E/L compounds covering 

a range of properties in these 

matrices. In this study, accuracy and 

precision were evaluated in water, 

50/50 isopropanol/water, and 1% 

polysorbate 80 at concentrations of 

20 ng/mL, 50 μg/mL, and 5 μg/mL, 

respectively. The results of this 

evaluation showed that this set of 

compounds produced adequate 

recovery (defined as being 70%–130% 

of the theoretical concentration) and 

adequate precision values (defined 

as having a percent relative standard 

deviation of ≤15%) for a majority 

of the compounds tested. This 

study also assessed breakthrough 

using water and 10/90 isopropanol/

water as solvents. The results of 

this evaluation showed that most 

compounds showed no breakthrough 

for volumes up to, and likely 

exceeding, 100 mL of each solvent 

loaded onto the stationary phase. 

Use of SPE for the 

preparation of analytically 

challenging samples

There are three characteristics 

of certain samples that can pose 

challenges for the execution of 

E/L studies. The first pertains to 

products that are administered 

in large volumes (≥ 0.1 L) over 

relatively short periods of time (≤ 1 

dose/day). For these products, the 

large volume serves to dilute any 

extractable/leachable compounds 

that may be present without reducing 

the actual patient exposure to 

the compound. Thus, the levels 

at which these substances are 

required to be quantified to ensure 

adequate characterization can be 

analytically challenging. The second 

challenge pertains to products with 

complex formulations containing 

excipients, or the active ingredient 

itself, which need to be excluded 

from the final analytical sample. 

If not removed, these substances 

can produce interfering responses 

in the chromatographic data that 

may prevent the detection of any 

compounds of interest that may be 

present. The third challenge pertains 

to drug products that contain 

excipients, or amphiphilic active 

ingredients, which cause emulsion 

formation when prepared via liquid/

liquid extraction. If the emulsion is 

not resolved, it is not possible to 

produce a sample for analysis. 

For each of these challenges, 

SPE can be used to overcome the 

issue and produce an acceptably 

pure and/or enriched sample for 

analysis by GC. The problem of 

quantifying compounds of interest 

in dilute samples can be solved by 

SPE’s ability to achieve high levels of 

sample enrichment. This benefit is a 

product of the theoretically limitless 

volume of sample that can be loaded 

into the stationary phase and the 

small volume of solvent needed to 

elute the compounds of interest 

for analysis. For example, SPE has 

been demonstrated to adequately 

handle volumes of 100 mL of aqueous 

sample with minimal loss of recovery. 

For such a loading scenario with 

a 2 mL-eluent volume, a fifty-fold 

concentration of the compounds of 

interest would be afforded. 

The second problem can be 

resolved in cases where the 

interference in the sample has 

different properties than the 

compounds of interest. Polar 

interferences in an aqueous sample 

are not retained well in reverse-

phase mode, and any residual 

amount can be eluted from the 

stationary phase during the wash 

step. In the case of many drug 

products, these interferences 

typically originate as excipients or 

other additives in the formulation, 

and include sugars, glycols, alcohols, 

and other compounds that are 

very polar and thus, would not 

be retained. This principal was 

demonstrated by processing a 

sample consisting of 20% glycerol 

and 20% sucrose using both SPE and 

LLE. In each case, 10 mL of sample 

was extracted and processed to 

produce a final 2 mL-aliquot for 

analysis. 

Figure 2 presents an overlay of 

the chromatograms obtained from 

the GC analysis of each sample. 

The chromatograms clearly show 

the SPE procedure was able to 

exclude a majority of the glycerol 

and sucrose from the final sample, 

resulting in less chromatographic 

interference as compared with the 

LLE result. Additionally, the SPE 

procedure isolated several aromatic 

hydrocarbon impurities from the 

sample, which were not captured by 

the LLE procedure.

SPE can also be used to 

overcome the problem of emulsion 

formation. This issue is typically 

encountered when a surfactant, 
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Figure 2: Overlay of a matrix containing 20% glycerol and 20% sucrose prepared by 

solid-phase extraction (SPE) (red trace) and liquid/liquid extraction (LLE) (black trace) 

followed by gas chromatography (GC) analysis.
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such as polysorbate 80, is present 

in the drug product vehicle, or the 

active ingredient itself is amphiphilic 

enough to produce an emulsion. 

Because SPE uses a solid sorbent, it 

is not possible for emulsions to be 

formed. Thus, simply switching from 

LLE to SPE allows this concern to be 

remedied. Nevertheless, avoiding 

emulsion formation is pointless 

if the method cannot recover the 

peaks of interest in a sample with 

an appropriate level of accuracy 

and precision. To that end, work has 

been published demonstrating the 

ability of SPE to recover a wide range 

of compounds from polysorbate 80 

solutions. As a first example, and 

as previously discussed, SPE was 

shown to adequately recover a range 

of 31 common extractables from a 

1% polysorbate 80 solution spiked 

at 5 μg/mL. Not only was adequate 

recovery obtained, but a twofold 

enrichment factor was achieved. As 

a second example, SPE was used to 

recover a series of aliphatic ketones 

from a 5% polysorbate 80 solution (9). 

This work reported adequate 

accuracy and precision values down 

to a level of 10 ng/mL. 

Conclusion

In the E/L field, LLE is the preferred 

technique for the preparation 

of aqueous samples for analysis 

by GC. SPE, however, is another 

technique widely used in other fields 

of chemical analysis which can 

provide several advantages over LLE 

for E/L studies. These advantages 

include a reduction in time required 

to prepare a sample, elimination of 

emulsions encountered using LLE, 

purification of the analytical sample, 

enrichment of the concentration of 

target compounds, and a reduction 

in organic solvent consumption. 

Although SPE has not been used 

extensively in E/L, work has been 

performed to demonstrate its 

suitability and performance for this 

purpose, which in turn supports its 

immediate use in these studies.
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Robots Package 
Parenteral Products
Robotic fill/finish systems reduce human intervention, 

improve flexibility, and allow more gentle handling of containers.

The population of robots working on parenteral fill/

finish lines is increasing rapidly. The expansion 

mirrors growth in biotech products, particularly 

self-injected therapies, which require autoinjectors 

that can deliver a safe, effective, and consistent 

experience. Robotic systems excel at maintaining 

aseptic conditions and protecting operators 

from toxic substances. In fact, Comecer Group 

has offered robot-equipped systems to handle 

radiopharmaceuticals for more than a decade.

Robots not only provide precise, consistent 

handling, but also offer a high level of flexibility 

so systems can accommodate a wider range of 

containers and components with minimal or no 

change parts. “Flexibility is crucial for high-value, 

relatively low-volume products,” says Eric Petz, 

senior marketing manager at Vanrx Pharmasystems. 

“Batches are smaller, so you can’t have long 

changeover and startup times,” he explains.

Robots also can reduce or eliminate glass-to-

glass and glass-to-metal contact, which are major 

causes of container failure. But the most important 

benefit that robots provide is improved quality due 

to minimization or elimination of human intervention, 

the biggest source of product contamination. 

To prevent contamination, regulatory agencies 

worldwide are looking for less human intervention, 

and original equipment manufacturers (OEMs) are 

working on ways to remove operators from the 

process. “It’s all about risk mitigation,” says Simon 

Cote, principal engineer, Technical Customer Support 

at West Pharmaceutical Services. In fact, “I would be 

highly surprised if the industry doesn’t incorporate 

more robots,” he says.

West Pharmaceutical Services is adding a robotic 

system to its equipment lineup with the purchase 

of a dual-robot KCP 5060 system from Bausch + 

Stroebel Machine Co. The model, which was shown 

at INTERPHEX 2017, features cleanroom-compatible 

robots that reach upward to perform their tasks. 

Mounting the robots below the containers maintains 

laminar air flow. Capable of handling vials, cartridges, 

or syringes in pairs or nests, the system can be 

equipped with up to four processing stations. 

Hydrogen peroxide decontamination cleans the work 

area including the robots. The compact machine, 

which occupies less than 14 feet of linear space, 

operates at speeds up to 1200 units per hour, a rate 

particularly well-suited for self-therapy products. 

Container size ranges include vials from 16–52 mm in 

diameter with heights up to 94.5 mm, syringes from 

0.5–20 mL, and cartridges from 6–14 mm in diameter 

with heights from 40–90 mm.

Biotech products have been a driving force 

behind robot-equipped fill/finish systems. When 

the founders of Vanrx Pharmasystems couldn’t find 

a filler for small volumes with sufficient flexibility, 

they studied automation. Inspired by the use 

of robotics in the semiconductor industry, they 

began designing a robotic fill/finish system from 

the ground up. The resulting machine needs no 

glove ports, relies on ready-to-use containers and 

closures, and eliminates aluminum crimp caps, 

a common source of particulate contamination. 

“There’s no intervention the robots can’t perform,” 

explains Petz. “All sources of jams have been 

eliminated,” he adds.

Because containers never leave the nest, there’s 

no potentially damaging container-to-container 

contact. Press-fit closures, also supplied in nests, 

streamline the capping and lyophilization process. 

In addition, Petz says, “Conventional [parenteral] 

filling lines are generally custom-designed. This one 

is standard and scalable.” Designed to be deployed 

worldwide, the standardized system simplifies 

validation and standard operating procedures. 

Scalability shortens time to market and maximizes 

the patent protection period for brand owners.

The Vanrx system performs filling and closing 

with nested groups of containers and closures. An 

operator loads nests into the carousel and closes 

the door. At the conclusion of a vapour hydrogen 

peroxide sterilization treatment, the chamber is 

aerated, and Tyvek lidstock is removed from the 

nests. Containers are filled and closed and shuttled 

back to the carousel.
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Vanrx has installed systems 

at two contract manufacturing 

organizations, Singota Solutions 

and AB BioTechnologies. “Two more 

systems will be installed in the United 

States this year,” reports Petz. He 

predicts, “It’s a technology that is 

going to be widely adopted. We’re 

seeing a wide uptake.”

Lines from Luciano Packaging 

Technologies also demonstrate the 

advantages robots can bring to fill/

finish operations. In one example, 

robots transfer product and load 

preformed pouches. “The ability to 

manipulate and transfer uniquely 

and/or irregularly shaped syringe 

products … significantly decreases 

the complexity of the mechanism 

required for manipulations like 

inverting, placing, and spacing … 

while maintaining a high degree 

of orientation and control,” says 

Larry Luciano, president of Luciano 

Packaging. “The robots also provide 

the ability to re-direct product into 

alternate paths.”

Robotic fill/finish systems

Other OEMs, including M&O Perry 

Industries, ESS Technologies, 

Marchesini Group, and MG America, 

offer robotic fill/finish systems. The 

NSF nested syringe filler from M&O 

Perry Industries features a Yamaha 

robot. Capable of filling powders, 

liquids, or powders and liquids, the 

system also can handle vials. The 
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Figure 1: Robots can streamline secondary packaging, as shown 

by this tray thermoforming, loading, and cartoning line from 

Marchesini. Image courtesy of Marchesini.
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robot controls powder filling and 

achieves speeds up to 40 units per 

minute. Higher speeds are possible 

by adding fill needles.

The Model SF20 TaskMate robotic 

aseptic syringe filling and capping 

system from ESS Technologies 

integrates a FANUC robotic cell with 

an OEM-supplied restricted access 

barrier system. A FANUC LR200iD 

clean class robot receives syringes 

from a flexible feeder and uses vision 

and a mechanical gripper to pick 

the syringe and place it on the filling 

station. The second FANUC LR Mate 

200iD robot picks a cap from the tray 

and places it into the torque station. 

A servo-driven pick-and-place unit 

transfers the syringe from the fill 

station to the torque station. Capped 

syringes descend a divided chute 

to a discharge/reject bin. Fills range 

from 50 μL–60 mL at speeds up to 

15 syringes per minute. The machine 

also can handle vials and various cap 

styles. Changeover generally can be 

accomplished in less than 15 minutes.

Marchesini’s Extrafill syringe filling 

and stoppering machine features a 

robotic de-lidding station, monobloc 

design, and two tub opening and 

syringe filling/stoppering stations. 

Up to three more stoppering stations 

can be added to boost output to 

12,000 syringes per hour. Dosing 

range is 0.1–50 mL.  

The Steriline RVFCM50 filling 

and capping machine, supplied in 

the United States by MG America, 

handles vial sizes from 2 mL–100 

mL without changing format parts. 

Rated at up to 3000 vials per hour, 

the system can be integrated with 

an RA-V4 rotary vial washer, ST2 CCS 

depyrogenation tunnel, and EDM-C 

external decontaminating machine.

Robotic inspection 

and packaging systems

Beyond the fill/finish operation, 

robotics play a role in inspection and 

secondary packaging of parenteral 

products. Robotic inspection systems 

can overcome problems with limited 

floor space. 

“A typical, commercially available 

manual inspection line for two 

operators that includes automatic 

de-nesting and re-nesting is a linear 

line using three machines for the 

primary operations and is in the order 

of 40 feet long,” explains Luciano. 

“The LPT robot cell [HPI-30M nested 

syringe inspection machine] is only 

10 feet long because the robot is able 

to perform multiple operations—

de-nesting, syringe presentation 

for flange inspection/rejection, and 

labeling path transfer or re-nesting. 

In this case, the robot is picking 

five syringes from the Hypak that 

supports a matrix of 10 staggered 

rows of 10 syringes per row. And 

since there is extra spacing between 

each tub, there are four different pick 

positions and 12 different re-nesting 

positions, so you can see how the 

programmable flexibility of the robot 

(in combination with a servo-indexing 

Hypak conveyor) is helpful in reducing 

mechanical complexity.” If higher 

speeds are needed, manual inspection 

can be replaced by automated vision 

systems, and a second robot can be 

added for discharging.

An example of a robot-equipped 

line for secondary packaging functions 

was shown by Marchesini Group 

at CIPM Qingdao (19–21 Apr. 2017, 

Qingdao, China). The customizable 

line integrates a deep-draw FBZ 320 

thermoformer with a continuous-

motion BA 400 Argento cartoner 

(see Figure 1). Operating at up to 

240 cartons per minute, the system 

thermoforms trays, loads syringes 

and vials, and cartons filled trays. 

A centerpiece of the thermoformer 

is a four-axis Robomaster system. 

Positioned between the forming and 

sealing stations, it picks syringes 

or vials and places them into trays. 

Infeed options include plug-in belts 

and vibrating tables.

Design considerations

Many robot providers offer 

cleanroom models compatible with 

hydrogen peroxide sterilization for 

parenteral fill/finish applications. 

When designing robotic equipment, 

the first consideration is whether a 

robot is the best option. “You don’t 

want to use robots where simple 

mechanics could accomplish the 

task,” says Massimiliano Cesarini, 

global sales manager, Isolation 

Technology Division at Comecer.

A primary consideration when 

specifying a robotic fill/finish system 

is speed. “Robot lines are typically 

slower,” says Gregor Deutschle, 

business development manager at 

Schott North America. Batch size is 

another consideration. Shorter runs 

mean more frequent changeover. 

“Robots eliminate a lot of change 

parts and star wheels,” notes 

Deutschle.

Robots also replace traditional 

container handling mechanisms. 

“Eliminating turntables and infeed belts 

definitely helps reduce glass-to-glass 

contact,” he adds. As a result, robots 

can provide gentler handling and may 

be especially well-suited for polymer 

containers, which scratch easily.

End-of-arm tooling (grippers or 

end effectors) must be carefully 

designed to optimize handling. 

Factors to consider include weight, 

which directly impacts speed, and 

arrangement of pneumatic and 

vacuum lines and sensor wires so 

performance is not impacted by 

movement of the arm. The end 

effector also must handle the 

product without marring or other 

damage. Vacuum is a common 

choice, but may not work with 

all surface areas and product 

orientations. Nevertheless, “Vacuum 

is usually the gentlest,” says Luciano. 

However, vacuum may not provide 

enough support for the container(s). 

In that case, a rigid guide may need 

to be added.

Finally, programmability must 

be considered. Many of today’s 

robots do not rely on proprietary 

programming languages, but can be 

easily programmed from a library of 

functions or by simply moving the 

arm through the path it needs to 

take. PTE

Advantages of robots for 

parenteral packaging

• Cleanroom compatible

• Sterilizable

• Limits operator interaction

• Flexible

• Minimizes change parts

• Precise

• Consistent

• Gentle handling

• Easier programming

• Competitive pricing

• High reliability
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Learn how to prevent common causes of product loss.

Optimizing Yields on 
Modern Tablet Presses

Finding an ideal balance between high speed and 

precision on a modern tablet press—to optimize 

the ratio between bulk product introduced into the 

feed hopper and the acceptable tablets that exit the 

discharge chute (i.e., yield)—is likely to rank number 

one on any end user’s priority list. Paradoxically, the 

attainment of idealized yields often remains the most 

elusive goal in the compression suite. This article 

sheds light on factors that affect yield and how to 

improve them.

What is optimal yield?

Reaching an optimal yield state is predicated on 

getting the most bulk powder into the die cavities 

between punches and, ultimately, into finished 

tablets. It is not just about making the press look 

clean, with minimal dust and mess. One can easily 

reduce the mess made on a press by simply using 

maximum vacuum, running the press slowly, or 

indiscriminately scraping excess powder away from 

the die cavities. These examples, however, will 

not improve final yields, as the goal is to put the 

maximum (but desired) amount of powder into the 

cavities, rather than directing it elsewhere.

Most modern pharmaceutical manufacturers using 

state-of-the-art tablet presses will look to achieve 

final yields as high as 99% for single-layer tablets. 

Multi-layer yields are more challenging, given the 

number of different variables involved, with realistic 

figures often dipping closer to 85%. Multi-layer yields 

can be as high as 92%, however, on a press with 

excellent first-layer sampling features; sampling 

frequency, and the time it takes to cycle through a 

sample, can be precisely adjusted on select presses, 

resulting in significantly improved yields.

An ounce of prevention

The best first step in attaining optimal, repeatable 

results is systematic training. Operators and set-up 

technicians should, ideally, participate in and 

successfully complete a formal, comprehensive 

training programme, which are offered by equipment 

vendors. The best programmes will teach about all 

of the contributing factors discussed in the following 

sections, all of which have a strong influence on 

product yields.

Hopper seals 

Perhaps somewhat obvious, but often overlooked, 

poor hopper seals can cause a surprising amount of 

product loss, especially over the course of an entire 

batch. Product can escape either from the top seal, 

where the hopper is connected to an overhead feed 

system, and/or from the bottom, where it connects 

to the feeder assembly. The following are some 

recommendations for hopper seals:

• Consider the use of tri-clamp fittings, which provide 

more robust connections between components.

• If silicon (or similar) caps are used, ensure they are 

checked regularly for wear; replace as necessary 

as part of a systematic preventive maintenance 

programme.

• Periodically observe both upper and lower 

connections over the course of a run.

Feeder positioning

The correct positioning of an induced feeder can 

prove a fickle undertaking, which is probably why it is 

so often a major cause of product loss. Some degree 

of space must exist between the base of the feeder 

and the die table surface passing beneath it, but the 

optimal setting of this gap will vary across products. 

Leveling the feeder is also a significant concern, as 

an uneven feeder will invariably lead to premature 

wearing of other components. The following are 

recommendations for feeder positioning:

• Make certain that operators have been trained by 

the tablet press manufacturer. The procedures for 

properly setting a feeder often include nuances not 

obvious to the end user. Make it a point during the 

initial commissioning of a new press to request that 

this topic is one of those prioritized by the vendor’s 

representative technician.

• Invest in supplementary training materials and 

software that specifically cover the setting and 

adjustment of a feeder assembly.
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• Request written feeder set-up 

procedures from the vendor.

Feeder seals

Just as important as a feeder’s 

positioning is the installation, 

condition, and efficacy of the seals 

used beneath the feeder, in its base, 

to ensure that product is effectively 

contained and that only the desired 

amount reaches the die cavities. 

Worn seals lead to measurable 

product loss. There are many types 

of seals in use, but the best mitigate 

the effects of heat while also offering 

easy installation and removal. The 

following are recommendations for 

feeder seals:

• Ensure that operators are 

systematically examining feeder 

seals each time the feeder is 

removed from the tablet press, 

searching for signs of wear or 

excessive abrasion.

• Make the replacement of worn 

seals part of a comprehensive, 

regular preventive maintenance 

schedule.

• Consider the use of feeders that 

offer sealing options for different 

fill channel widths. Some vendors 

offer styles that can be tailored to 

the specific size of different tablets: 

wider widths for larger tablets, 

narrower widths for smaller 

tablets. The closer that one can 

match the width of the fill channel 

to the actual size of the tablet, 

the smaller the product losses 

incurred.

Fill cam sizing

Fill cams play an integral role in 

making tablets. The filling process is 

similar from one press to the next, 

in that the fill cam allows the lower 

punches to be pulled down farther 

than they really need to go, thereby 

ensuring enough powder is in the 

die cavity to start (i.e., over-filling). 

A dosing cam will then “dose out” 

(i.e., push) a quantity from the die, 

such that the amount of product left 

in the cavity just prior to the upper 

punch making its entry is exactly how 

much is necessary for reaching target 

tablet weights. It is important that 

set-up technicians do not default to 

choosing fill cams with a filling range 

larger than necessary for a particular 

tablet weight. The following are 

recommendations for fill cam sizing:

• Stick to the “80%” rule; using 80% 

of a fill cam’s nominal range for 

achieving target weights is the best 

prevention for cam-related product 

loss.

• Ensure that operators are 

systematically examining fill cams 

each time tooling is removed from 

the tablet press, searching for signs 

of wear or excessive abrasion.

• Make the replacement of worn fill 

cams part of a comprehensive, 

regular preventive maintenance 

schedule; use of cams that have 

worn outside of their original, 

intended range will result not only 

in product loss, but also erratic 

tablet weights.

• Use original equipment 

manufacturer (OEM) fill cams, 

whenever possible. Fill cams have 

a direct and incontrovertible effect 

on final tablet quality, as they 

are tolerance-specific; the use of 

non-OEM supply for such parts 

often proves a risky proposition.

• Consider the use of a fill cam wear 

tool; some press manufacturers 

make their own.

Tooling tolerances

The use of new, or at least well-

maintained, tooling should be a 

cornerstone guideline. Sloppy 

tolerances on inferior or worn 

tools will contribute to product 

loss, sometimes in a fashion that 

is hard to detect. The following 

are recommendations for tooling 

tolerances:

• Invest in quality tooling in the first 

place.

• Use “matched” tools, where 

particular punches and dies are 

paired.

• Implement and adhere to 

a regimented preventive 

maintenance programme, as 

recommended by any of the 

leading tooling manufacturers.

• Use quality measuring equipment 

for in-house maintenance.

• Ensure dies are seated properly; 

their tops should not rise above 

or sit below the surface of the die 

table.

• If using tapered dies, endeavour to 

keep the tapering to a minimum.

Product scrapers

Modifying the position of scrapers can 

certainly affect product yields. The 

scrapers that follow the feeder, just 

prior to upper punch penetration of 

the die, are there to ensure product 

stays in the cavity where it belongs. 

Other scrapers are intended to direct 

any excess powder into a recirculation 

channel (if the press in question is so 

equipped), such that it can ultimately 

be returned to the entry side of the 

induced feeder. The following are 

recommendations for condition and 

positioning of product scrapers:

• Review the operating and cleaning 

manuals as provided by the tablet 

press vendor and adhere to the 

standard operating procedures 

(SOPs) for set-up.

• Ensure that operators are 

systematically examining all 

scrapers each time the tablet press 

is serviced and/or when a product 

change occurs.

• Make the replacement of worn 

or suspect scrapers part of a 

comprehensive, regular preventive 

maintenance schedule.

Penetration depth

The depth to which the upper 

punch penetrates a die presents 

opportunities for effectively 

containing product (thereby improving 

yields), but it’s another case of 

finding the “sweet spot.” Generally, 

if penetration depth is too shallow, it 

is likely powder will be blown out of 

the dies as the punch penetrates. If 

the penetration is too deep, the risk 

of entrapping too much air increases, 

resulting in another undesirable 

compression phenomenon known 

as “capping” (in which the finished 

tablets split into two pieces). The 

following are recommendations for 

upper punch penetration depth:

• Methods for finding optimal 

penetration depths should be 

discussed during a machine’s initial 

commissioning, while the vendor’s 

representative technician is on-site; 

make it a point to ensure this 

specific topic is covered during the 

installation and training period.

• For existing presses, contact the 

vendor and request guidance and 

reference materials for setting the 

penetration depth.
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Troubleshooting

• If working with placebo, experiment with various 

penetration depths, ideally with the use of a high-speed 

camera to observe exactly what happens as the upper 

punch enters the die.

• Exercise caution when adjusting the penetration depth 

on presses that do not synchronously adjust the lower 

stations while the uppers are in motion; there is a risk 

of the upper and lower punch tips colliding if the upper 

punch penetration is too deep.

Recirculation features

Most modern tablet presses offer some form of 

recirculation features, which are specifically intended to 

guide any excess powder around the inner circumference 

of the turret and ultimately return it to the induced 

feeder. This end goal is accomplished through the 

use of strategically placed scrapers, a channel and, in 

many cases, a “plough.” It is common, however, for 

the adjustment of these parts to be off by just enough 

to negatively affect final yields. The following are 

recommendations for using recirculation features:

• The methods for properly positioning recirculation 

components should be discussed during a machine’s 

initial commissioning, while the vendor’s representative 

technician is on-site; make it a point to ensure this 

specific topic is covered at that time.

• For existing presses, contact the vendor and 

request guidance and reference materials for setting 

re-circulation components.

• Reference the operating manuals and SOPs as provided 

by the tablet press vendor, and adhere to procedures as 

outlined therein.

Vacuum settings 

Virtually all tablet presses make use of some system for 

vacuuming excess powder from the die table surface. 

Excessive vacuum, however, can actually pull good 

product away from the die cavities, or elsewhere, 

resulting in unwanted losses. The following are 

recommendations for vacuum settings:

• Follow the vendor-supplied SOPs for guidelines on 

optimal vacuum settings.

• Make a measured assessment of the vacuum in 

the compression suite and compare it to the press 

vendor’s recommended specifications.

• Consider presses that have automatic “damping” 

valves in their extraction system, which allow for the 

modulation of how much vacuum is applied at the 

turret-mounted extraction ports.

Start-up reject settings

Computer-controlled presses generally allow the user 

to configure a parameter for rejecting a certain number 

of tablets every time the machine is started, in certain 

modes. These features are offered due to the risk of 

producing out-of-specification, “transitional” tablets 

as the machine ramps up to operating speed and to 

help mitigate the risk of those tablets finding their 

way into the good tablet channel. The following are 

recommendations for start-up reject settings:

• Pay close attention to the vendor-supplied operating 

manuals, as most will provide detailed explanations for 

all possible parameter settings.

• Consult onboard help functions, if available.

• For new press installations, encourage operators to 

request specific guidance for parameter set-up from 

the vendor’s representative technician.

Keep it in the die

Many tablet manufacturers are compressing products 

that contain increasingly expensive active ingredients 

or, at a minimum, are implementing overall efficiency 

programmes. It is thus of paramount importance to 

embrace good manufacturing practices, with an eye 

toward maximizing product yields.

Newer presses generally have features that will help 

prevent product loss, but this fact should never absolve 

the end user from maintaining a press to the highest 

standards and regularly implementing good usage habits 

to fully understand what impact those features have on 

final tablet quality and overall efficiency.

Take advantage of the resources available from a tablet 

press vendor and regularly request new or revised SOPs 

for operation, cleaning, and maintenance. Participate in 

training seminars whenever possible. Your yields may 

depend on it. PTE

Get in touch with us: www.airbridgecargo.com

abc XL

vehicles

noseloading

drilling equipment

abc PHARMA

healthcare products

 +4 – +29°C

abc FRESH

ƥo[ers� Ƥsh� cheese

temperature sensitive 

abc DG

IATA DG regulations

lithium batteries

abc CARE

special handling

HMA horse box 

abc VALUABLE

secure transport

You like innovative logistics solutions. 

That‘s why we love our job.

WORLDWIDE CONNECTIONS WITH OUR GLOBAL ROUTE NETWORK

HIGH LEVEL OF ON TIME PERFORMANCE

HIGHLY SKILLED TEAM OF CARGO EXPERTS 

MODERN ALL-CARGO BOEING 747 FLEET

ROAD FEEDER SOLUTIONS
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PRODUCT/SERVICE PROFILES

AbbVie

 AbbVie’s partners gain access to integrated 

scientifi c expertise and processes that have 

successfully guided many small-molecule 

and biologic medicines through 

commercialization. AbbVie’s Contract 

Manufacturing has been serving our 

partners for more than 35 years. Our 

contract/toll development and 

manufacturing capabilities span 

Fermentation, Drug Product, Potent, Hot 

Melt Extrusion, Prefi lled Syringes, Biologics, 

and Bulk Active Pharmaceutical Ingredients 

(APIs) across 10 production facilities in 

North America and Europe. You can rest 

easy knowing we have done this before as 

your compound enters our cGMP contact 

manufacturing facilities.

AbbVie

www.abbviecontractmfg.com

abbviecontractmfg@abbvie.com

abc Pharma

AirBridgeCargo Airlines’ abcPHARMA 

product offers Active and Passive solutions 

to protect the integrity of temperature-

sensitive pharmaceuticals and medical 

equipment.  As the fi rst airline in Russia and 

only the seventh in the world to be awarded 

IATA’s Center of Excellence for Validators in 

Pharmaceutical Logistics (CEIV Pharma) 

certifi cation, the airline combines 

temperature control facilities on the ground 

with the unique capabilities of its new-

generation Boeing 747-8 freighter fl eet, 

offering three onboard temperature zones 

able to deliver controlled environments of 

between 4–20 °C as well as independent 

maindeck and lower deck temperature 

compartments. It also provides ‘active’ 

cargo containers, Thermo trucks, thermal 

blankets and temperature data loggers, and 

offers a pharma warehouse at its Moscow 

hub with a temperature range capability of 

-30 °C to +10 °C. For vaccines, laboratory 

equipment, MRI/MRT machines, blood 

samples, and beyond, AirBridgeCargo offers 

quality assurance and the highest levels of 

security for pharmaceutical customers 

across its scheduled cargo network 

connecting major gateways in Europe, 

North America, and Asia Pacifi c, and 

supported by more than 200 employees 

specially-trained to manage pharmaceutical 

shipments.

AirBridgeCargo Airlines

www.airbridgecargo.com

info@airbridgecargo.com

OptiForm® Solution Suite

Catalent’s OptiForm® Solution Suite and 

OptiForm Solution Suite Bio combine 

predictive and high throughput screening 

technologies to identify the most stable and 

effi cient drug form for both small and 

biological molecules. Using known industry 

models, multiple formulations are evaluated 

in parallel and proven delivery technologies 

employed to offer optimal oral delivery, and 

optimal preclinical PK materials can be 

delivered in a matter of weeks.

With the acquisition of Pharmatek 

Laboratories, Catalent now offers spray 

drying as part of its bioavailability toolkit, 

complementing its comprehensive suite of 

development and formulation solutions. 

Additionally, the expansion of development 

and clinical manufacturing capabilities 

strengthens Catalent’s ability to partner 

with customers earlier in pre-clinical 

development.

Catalent Pharma Solutions

www.catalent.com

solutions@catalent.com
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Minilab XP

Minilab XP by DIOSNA is a highly fl exible and 

comfortable laboratory processor with a 

Tablet-Coater- and a Fluid-Bed-Module. The 

rapid change of the two modules without 

any tools enables granulating, drying, and 

coating in one unit. 

Various granulating or coating processes 

can be carried out by top spraying, bottom 

spraying, or tangential spraying with 

the Fluid-Bed-Module. The use of three 

different sizes of bowls, which are made 

of either stainless steel or glass for a 

better process monitoring, enable a wide 

range of batch sizes from 200 g to 3,5 kg.

In addition, the processes in the Coater-

Module generate precise coating results 

for all kinds of tablets. The Coater-Module 

operates like a horizontal coater and has 

an inspection glass on the lid for a good 

process observation. The use of the Coater-

Module for fi lm coating in laboratory scale 

allows working with batch sizes up to 3 kg.

DIOSNA Dierks & Söhne GmbH

www.diosna.com 

info@diosna.com

PRODUCT/SERVICE PROFILES

IH-TMS

I Holland’s IH-TMS Tool Management System 

is an innovative software solution that 

proactively monitors tool rotations, tooling 

inventory, and maintenance. The 21-CFR 

Part 11-compliant system can capture and 

archive tool images/drawings and will keep 

a complete audit trail and record of tablet 

quantities by number of tablets, work order, 

or batch information. 

The IH-TMS is easy to use and notifi es 

the user if there is over compression, 

tooling replacements ,or scheduled 

maintenance required via a simple 

touch-screen interface. It also incorporates 

an in-depth guide to tooling specifi cation 

and troubleshooting so any problems 

fl agged up can be traced and rectifi ed. 

The highly adaptable system is 

multilingual and is available in different 

confi gurations to work fl exibly and 

seamlessly within any manufacturing 

facility.

Key Features:

• Tooling inventory 

• Tooling maintenance (clean, assess, 

repair, measure, polish, lubricate, store)

• Drawing archives

• Tablets quantities produced

• Products produced

• Batches manufactured

• Standard operating procedures (SOP)

• Tablet Press compatibility

I Holland Ltd

www.tablettingscience.com

alex.bunting@iholland.co.uk

ROB 50

L.B. Bohle presented the ROB 50 as 

innovative solution to automate and 

optimize production processes in both 

continuous and batch-oriented production 

of solid dosage forms. 

The ROB 50 is a robotic system for 

handling of tablet containers, to close the 

gap between the tablet press and fi lm 

coating process. As indicated initially, L.B. 

Bohle developed this system for the 

continuous production line. However, the 

ROB 50 can also automate the product 

transfers in batch environment. In this case, 

the ROB 50 is also available for larger 

container sizes. 

In addition, in case of long process times 

for the fi lm coating process, the ROB 50 can 

server to coaters positioned next to each 

other in an alternating manner. Customized 

versions with an additional degree of 

freedom are available, too. For higher 

throughput or long relaxation times, L.B. 

Bohle also has solutions to automate the 

storage rack.

L.B. Bohle Maschinen + 

Verfahren GmbH

www.lbbohle.com

t.borgers@lbbohle.de
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Patheon 

Pharmaceutical Services

Patheon is a leading global provider of 

outsourced pharmaceutical development 

and manufacturing services. We provide a 

comprehensive, integrated, and highly 

customizable range of active 

pharmaceutical ingredient, or API, and 

fi nished drug product services to our 

customers. From formulation development 

to clinical and commercial-scale 

manufacturing, packaging, and life-cycle  

management, our services support both 

small-molecule and large-molecule drugs. 

We believe we are the only end-to-end 

integrated provider of such services, which, 

combined with our scientifi c and regulatory 

expertise and specialized capabilities, 

allows our customers to work with an 

outsourcing partner to address their most 

complex development and manufacturing 

needs. Over the past 10 years, Patheon has 

supported the delivery of 112 NDA-approved 

drugs—more than 2.5x the nearest 

competitor, and as many as the next six 

leading CMOs combined.

Patheon

www.patheon.com

doingbusiness@patheon.com

bp 434–Aseptic Bottelpack 

Blow-Fill-Seal Filling Machine

Rommelag Engineering will demonstrate the 

aseptic Blow-Fill-Seal fi lling process live and 

in 3D at their Interpack stand D38 in hall 16. 

The bottelpack bp 434 aseptic fi lling 

machine has a completely sealed parison 

with just one rotating mould. The 

advantages here are maximum safety when 

fi lling high-value products and simple 

format changes.

BFS-applications cover a wide 

pharma and biotech product range 

including injectables, inhalations, 

ophthalmics, vaccines, SVP, LVP, gels, 

creams, suspensions, and emulsions.

The BFS container is formed inside 

the bottelpack aseptic system. This 

gives the advantage that there is no 

upstream container handling (empty 

container transport, storage prior to fi lling, 

depalletizing, descrambling, accumulation, 

washing, or depyrogenation). The BFS 

process enables for a unique container 

design including a positive handoff to 

downstream secondary packaging systems. 

Existing container designs include fi lls from 

50 microliters to more than 1000 mL.

Rommelag ENGINEERING

www.rommelag.com 

mail.rch@rommelag.com

CLAM-2000*–Fully 

Automated Sample 

Preparation Module

Shimadzu’s CLAM-2000* is the world’s fi rst 

system for fully automated sample 

preparation connected online for LC-MS. 

The CLAM-2000* (Clinical Laboratory 

Automated sample preparation Module) 

automates the pretreatment of blood or 

other biological samples before LC-MS 

analysis. It is designed for customers 

handling blood samples in pharmaceutical 

departments, medical departments, or 

biological analysis laboratories dealing with 

issues of variability in analytical results or 

infection risk.  It is compatible with the 

LC-MS TQ systems LCMS-8040, LCMS-8045, 

LCMS-8050, and LCMS-8060, giving a large 

choice to adapt to sensitivity needs. 

*For research use only. Not for use 

in diagnostic procedures. Not available 

in the USA, Canada, and China.

Shimadzu Europa GmbH

www.shimadzu.eu

shimadzu@shimadzu.eu
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Quantum

Quantum, award winning 

peristaltic pump for single-use 

downstream bioprocessing

Watson-Marlow Fluid Technology Group 

(WMFTG) has unveiled its innovative 

Quantum peristaltic pump with patented 

ReNu SU Technology cartridge. Engineered 

by the world leader in peristaltic innovation, 

Quantum sets the new standard for 

high-pressure feed pumps in SU tangential 

fl ow fi ltration (TFF), virus fi ltration (VF) and 

high-performance liquid chromatography 

(HPLC).  Quantum represents a step-change 

in pump technology for bioprocessing by 

enabling higher downstream process yields 

throughout the pressure range, delivering 

virtually pulse free linear fl ow, lowest shear, 

and easy validation aligned with BPOG 

guidelines.

Key Features:

• Flow linearity to 20 L/min at 3 bar

• Trace pulsation of ± 0.12 bar

• Ultra-low shear

• Single-use technology with 

class-leading validation

Quantum awarded with the 

Best Technologies Innovation 

Award at INTERPHEX 2017.

Watson-Marlow Fluid 

Technology Group

www.wmftg.com

info@wmftg.co.uk

Thermo Scientific™ 

TruScan™ RM Handheld 

Raman Analyser

The TruScan RM analyser uses lab-proven 

Raman spectroscopy to perform rapid 

material identifi cation at the point of need 

to decrease lab sampling costs and increase 

inventory turns. The analyser’s patented, 

multivariate residual analysis offers the 

most effective chemometric solution for 

material identifi cation—with two spectral 

pre-processing options, that is easy to 

operate in challenging environments and 

sampling conditions. Applications include:

• Incoming raw material 

identity verification

• Dispensing of materials 

during API manufacture

• Falsified medicine identification.

With the addition of the Thermo 

Scientifi c TruTools™ chemometrics package, 

the analyser becomes a more powerful 

spectrometer enabling users to build 

custom methods to identify and quantify 

more complex materials. Applications 

include multiple component discrimination 

and dosage form identifi cation.

The TruScan RM analyser meets 

cGMP and 21 CFR Part 11 requirements, 

weighs less than 0.9 kg, and is 

chemical and drop resistant.

Thermo Fisher Scientifi c

www.thermofi sher.com/quality 

sales.chemid@thermofi sher.com

Cleanroom 

Documentation Systems

Veltek Associates, Inc. (VAI®) has developed 

an innovative way to address and solve 

questions surrounding particulate and fi ber 

shedding from cleanroom documentation 

with our CleanPrint10® synthetic writing 

substrate, Core2Write® customized 

documentation, and Core2Print® cleanroom 

printing system. 

CleanPrint 10 is the synthetic, cellulose 

free, low particulate, writing substrate. It is 

extremely durable, yet pliable, while being 

resistant to abrasion, chemicals, and ink 

smearing. Core2Print is a 316L Stainless 

Steel HEPA fi ltered printing system that 

prints wirelessly onto VAI’s pre-sterilized 

CleanPrint 10 paper into the controlled 

area. Core2Write is a line of custom 

documentation featuring logbooks, ID tags, 

forms, and labels. All Core2Write products 

are printed on CleanPrint 10 synthetic 

writing substrate, are available sterile, and 

are quadruple bag packaged in VAI ABCD 

Cleanroom Introduction System®.  Each 

product is completely customizable based 

on customer specifi c requirements, and 

has the option of traceability via barcoding, 

QR coding, or patented RFID technology. 

Veltek Associates, Inc.

www.sterile.com

vai@sterile.coom
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ASK THE EXPERT

Siegfried Schmitt, PhD, Principal Consultant at PAREXEL, 

discusses how to gain benefits from interactions with industry associations.

Q:Our management is willing to pay for two industry 

association memberships of our choice. Can you offer any 

recommendations in terms of decision criteria we should focus 

on to evaluate which associations are the best fit for us? We

are a contract manufacturing organization.

A:The decision to join industry associations is a positive

and sensible one by your company’s management, as 

memberships with these associations provide a wide range

of benefits. Membership can benefit the organization as well 

as individuals on a personal development level. To evaluate 

which industry associations are a best fit for your organiza-

tion, it is best to first draw up a list of requirements or needs.

Developing these criteria will help with decision making.

First, let us examine your business environment. Say, for

example, that you are a well-established organization that

covers the entire drug-development lifecycle, from the clinical

phases to commercial production and to postmarketing. Industry 

associations can be broad in focus or specialized. Some are 

more focused on the engineering aspects, whereas others are 

more concerned with quality, compliance, and/or regulatory 

subjects. That said, the first step in deciding which association is 

best for you is to identify where your interests are focused. For

example, if your company is involved in facility and equipment 

qualification, including automated systems, then an industry 

association whose members share this interest would be your

first choice. Conversely, if you were in a quality unit-focused role,

you would look for an association with a quality and compliance

focus. It would not make sense to join an organization whose 

focus is entirely different than that of your company, thus it is

key to hunt for those whose focus aligns with yours.

Before you make a final choice, there are additional

considerations to make. One is regarding locality (i.e., does

the organization cover the countries or regions where your 

company is located and is interested in expanding to?). These 

don’t necessarily have to be the same. You may prefer to be

actively engaged with the association (e.g., through participation 

in interest groups, say for equipment automation, data integrity,

or any other subject of interest), which means that you would be 

looking for a local branch or chapter of that association. On the

other hand, your company may also be interested in selling your 

products globally, which would then make membership in an

association with a global footprint preferable.

Next, consider the tangible benefits that you hope to gain

from your association membership. Do you want access

to strategic concept papers, technical or scientific reports,

newsletters, interaction with peer groups, the possibility to

interact with agency regulators, or perhaps benchmarking

opportunities? Some organizations offer all of these benefits 

while others only offer some.

Finally, membership may offer you opportunities for personal

development through active engagement, such as organizing 

events or conferences, authoring papers and reports, or 

even helping to shape the association as a board member. 

Such engagement can also provide major benefits to your

company, as its name will become more prominently known. 

Its networking opportunities are increased, and its industry 

standing will be heightened due to its association membership.

For this reason, it’s important to look for associations that

encourage member participation.

With all this information in hand, you should be well prepared 

to make your association choices. Do not forget that to gain the

most from your membership, you must remain engaged and

committed. Not knowing your personal preferences, I cannot 

recommend individual organizations, but with these tips in mind, I

am confident you can identify suitable industry associations. PTE

Engaging with Interest 

Groups or Industry Associations
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Simultaneous analysis of 434 pesticides using Smart SIM

Delivering Smart Solutions

The Smart SIM creates optimal methods 

automatically and enables a batch analysis 

of more than 400 components, thereby 

reducing the number of measurements.

With LabSolutions Insight software, quantita-

tive results for a complete series of data files

can be displayed side-by-side, enabling easy

identification of any outliers, which shortens

analysis time.

The GCMS-QP2020 and the GCMS Insight software package dramatically 
improve the efficiency of daily analysis procedures

www.shimadzu.eu/gcms-qp2020
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Catalent. More products. Better treatments. Reliably supplied.™    

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

development

Your molecule has a soluble future. 
Our passion is to help unlock it.

OptiForm‰ Solution Suite. An integrated solution designed to  

efficiently and rapidly help solve complex bioavailability and formulation 

challenges for early stage compounds. We match the best formulation 

technologies to your molecule, and utilize an accelerated parallel 

screening and development approach, to deliver a full testing report  

and animal PK study material, all in 12 weeks!

· easier. integrated solution  

with minimal material needed

· simpler. optimal 

recommendations based  

on real data from a  

dedicated scientific advisor

· faster. parallel process with 

4 formulation technologies

development
assess enhance deliver
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