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A s a CEO in a well-regulated industry, it is a straightforward 

path to respect the utility of authority, guidance, standards, 

laws, and penalties. Complex systems function more crisply 

when rules and expectations are clear to all, and all are equally 

clear on what is required of them. It is with great pride I outline 

our increased coverage of this landscape now, but also extending 

well into 2023. 

A strong series of articles called “FDA Voices” will have a 

bi-monthly cadence next year. This series will cover core topics the 

US Food and Drug Administration (FDA) staff are prioritizing. This 

series provides unique input from the front ranks of FDA and is eye 

catching content and analysis. We plan to start the series with a 

bonus early installment in our December issue around “distributed 

and point of care manufacturing” from FDA’s perspective. 

 Well underway already has been another new series of articles 

surrounding “Pharmaceutical Quality Systems and Post-Approval 

Changes”. This series of papers, from One-Voice-of-Quality for 

Post-Approval Changes (1VQ for PAC), sponsored by the Chief 

Quality Officers of the largest pharma companies, maintains that 

manufacturers should be allowed to manage some post-approval 

changes themselves in their pharmaceutical quality system (PQS) 

only, and without prior approval when they can demonstrate to 

regulators product and process knowledge as well as an effective 

PQS. A perspective from a very different angle and lens.

Most unusually, I’d like to take this opportunity to alert every 

company to our exclusive Quality Management Maturity (QMM) 

series. Yet another distinct voice and perspective, this time from 

Somnath Mishra, president, Shabas Solutions LLC. Somnath 

and team ran one of two FDA QMM pilot programmes. Shabas 

ran the overseas pilot. In December 2022, the first article will 

introduce QMM from a practitioner’s standpoint, and educate the 

industry about its many benefits, and affirm that quality maturity 

models are nothing new per se. This article will set the tone for 

subsequent articles where elaboration on practical guidance on 

QMM adoption at sites, and then on selected topics related to 

QMM implementation/adoption. Without question this invaluable 

series will encourage industry to begin plans on how to achieve 

great grades when it comes to QMM. PTE

Mike Hennessy Jr
President and CEO
MJH Life Sciences®

NOTE FROM THE CEO

Copyright 2022 Mulitmedia UK, LLC all rights reserved. 
No part of the publication may be reproduced in any material 
form (including photocopying or storing it in any medium by 
electronic means and whether or not transiently or incidentally 
to some other use of this publication) without the written 
permission of the copyright owner except in accordance with the 
provisions of the Copyright Designs & Patents Act (UK) 1988 or 
under the terms of the license issued by the Copyright License 
Agency’s 90 Tottenham Court Road, Lindon W1P 0LP, UK. 

Applications for the copyright owner’s permission to reproduce any 
part of this publication outside of the Copyright Designs & Patents 
Act (UK) 1988 provisions, should be forwarded 
in writing to Permission Dept. Warning: the 
doing of an unauthorized act in relation to a 
copyright work may result in both a civil claim 
for damages and criminal prosecution.

10% Post
Consumer

Waste

Editorial: All submissions will be handled with reasonable care, 
but the publisher assumes no responsibility for safety of artwork, 
photographs, or manuscripts. Every precaution is taken to ensure 
accuracy, but the publisher cannot accept responsibility for the 
accuracy of information supplied herein or for any opinion expressed.

Subscriptions: 
Pharmaceutical Technology Europe is free to qualified  
subscribers in Europe. 
To apply for a free subscription, or to change your name or address, 
go to PharmTech.com, click on Subscribe, & follow the prompts.
To cancel your subscription, please email your request to 
mmhinfo@mmhgroup.com, putting PTE in the subject line.

Please quote your subscription number if you have it.

For reprints contact Michael Tracey, mtracey@mjhlifesciences.com.

MJH LIFE SCIENCES®

President & CEO  
Mike Hennessy Jr

Chief Financial Officer  
Neil Glasser, CPA/CFE

Chief Operating Officer  
Michael Ball

Chief Marketing Officer  
Brett Melillo

Executive Vice President,  
Global Medical Affairs &  
Corporate Development  
Joe Petroziello

Senior Vice President, Content  
Silas Inman

Vice President,  
Human Resources  
and Administration  
Shari Lundenberg

Vice President,  
Mergers & Acquisitions  
Phil Talamo

Executive Creative Director  
Jeff Brown

PUBLISHED BY

Multimedia UK, LLC,
MMHInfo@mmhgroup.com

SALES

Publisher
Michael Tracey
MTracey@mjhlifesciences.com

Sales Manager
Linda Hewitt
Tel. +44 (0) 7983 527 367
LHewitt@mjhlifesciences.com

Senior Sales Executive
Stephen Cleland
Tel. +44 (0) 7483 933 137
SCleland@mjhlifesciences.com

Sales Operations Executive
Sarah Darcy
SDarcy@mjhlifesciences.com

Executive Vice President, 
Healthcare and Industry Sciences
Brian Haug
BHaug@mmhgroup.com 

FOUNDER
Mike Hennessy Sr

1960 - 2021

Voice of Regulators



www.sterile.com
15 Lee Blvd., Malvern, PA 19355-1234 USA • (610) 644-8335Patents: www.sterile.com/patents

• Automated Flow Control

• 3 Flow Rates in 1 Unit 
 (1, 2 & 5 CFM)

• Robust, 316L Stainless 
Steel Construction

• Intuitive Touchscreen

• Automatically Configure 
Sample Intervals

• Available with the D50 
SMA Atrium

The New

SMA MicroPortable  ICS
Air Sampler

Superior Precision, Superior ControlSuperior Precision, Superior Control

®

https://sterile.com
https://sterile.com/patents/


6    Pharmaceutical Technology Europe NOVEMBER 2022  PharmTech.com

EDITOR’S COMMENT

Trial Decline
A  true political absurdity is currently impacting the 

United Kingdom, as the country bore witness on 20 

Oct. 2022 to Liz Truss resigning her premiership after a mere 

45 days in the ‘hot seat’—making her the shortest serving 

prime minister in UK history (1). Truss’ leadership was marred 

by political and economic turmoil, including a radical ‘mini 

budget’ that saw the sterling’s value plummet. 

But what might this unsettling political landscape do to the UK’s bio/

pharmaceutical and wider life sciences industries? Well, the relationship 

between the country’s government and the life sciences sector has been 

close over the years. As a major contributor to the economic health of the UK, 

the sector is an important asset and, therefore, garners significant attention 

and support from those in parliament. 

Bolstered by the recent COVID-19 pandemic, the collaborative work 

between the UK government and the life sciences sector has resulted in 

some notable achievements, such as the manufacture of a successful vaccine 

through the country’s Vaccines Taskforce (2). However, other areas have 

suffered in the wake of the pandemic, namely clinical research.

According to the Association of the British Pharmaceutical Industry (ABPI) 

there has been a significant decline in the number of industry clinical trials 

initiated in the UK. “The COVID-19 pandemic has accelerated the decline in 

late-stage industry clinical research in the UK, compared to its global peers,” 

said Richard Torbett, chief executive of the ABPI in a press release (3). “This 

should ring alarm bells in the NHS [National Health Service] and in Whitehall as 

health leaders and policymakers look to improve patient care and deliver long-

term economic growth.”

Findings from an ABPI report into the state of clinical trials in the UK has 

shown that consistently slow and variable set up times for clinical trials 

encountered in the NHS are causing some pharmaceutical companies to look 

elsewhere for clinical research (4). Therefore, a close relationship is needed 

between government and the life sciences sector now more than ever to 

ensure the country does not fall too far behind its global competitors. 

Truss, as with her predecessor Boris Johnson, had touted support of the 

life sciences sector, taking to social media to voice her vision for the future: 

“Life sciences are at the heart of my vision to build a country fit for the future,” 

she tweeted (5). Industry waits with bated breath to see what the next leader 

might have in store for it … let’s hope they will at least last a bit longer!

References
1. N. Eardley, “How Big-Bang Economic Plan and Political Turmoil Sank Liz Truss,” 

News Article, BBC, 20 Oct. 2022.
2. UK Gov, “£260 Million to Boost Healthcare Research and Manufacturing,” 

Press Release, gov.uk, 2 March 2022.
3. ABPI, “NHS Patients Losing Access to Innovative Treatments as UK Industry 

Clinical Trials Face Collapse,” Press Release, 20 Oct. 2022.
4. ABPI, Rescuing Patient Access to Industry Clinical Trials in the UK, Report, 20 

Oct. 2022.
5. Liz Truss, Twitter Post @trussliz, 10 Aug. 2022. PTE
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EUROPEAN REGULATORY WATCH

Bianca Piachaud-
Moustakis is lead 

writer at Pharmavision, 

Pharmavision.co.uk.

Updated Guidance  
to the European  
Data Governance Act
The DGA seeks to increase trust in data sharing, strengthen mechanisms  
to make data more available, and overcome obstacles to the reuse of  
data, which are vital ingredients to the intersectoral use of health data.

O n 30 May 2022, the Parliament of the European 

Union (EU) adopted the revised European Data 

Governance Act (DGA), which builds on the previous 

Regulation (EU) 2018/1724, which was designed 

to establish a single digital gateway to provide 

access to information (1). The DGA entered into 

force on 23 June 2022 and, following a 15-month 

grace period, will be applicable to all member 

states from September 2023. It forms part of the 

broader context of the European Commission’s (EC’s) 

action plan to ensure Europe’s digital sovereignty 

by 2030 and is complementary to the European 

Artificial Intelligence (AI) Strategy. The aim of the 

law is to create a single European market for data, 

while seeking to increase trust in data sharing by 

companies, individuals, and the public sector as  

well as strengthen mechanisms to increase  

data availability and overcome technical obstacles  

to reuse data.

The DGA applies to data defined as “any digital 

representation of acts, facts, or information and 

any compilation of such acts, facts, or information, 

including in the form of sound, visual, or audio-

visual recording that is held by public sector bodies 

that is not subject to the Open Data Directive but 

is subject to the rights of others” (2). This may 

include personal data, including special categories 

of data, such as health data, statistically confidential 

data, trade secrets, and data that are subject to 

intellectual property rights.

The DGA
The DGA aims to ensure a better distribution of 

the value derived from the use of personal and 

non-personal data between the actors of the 

data economy, particularly in relation to the use 

of connected objects and the development of 

the Internet of Things (IoT) (3). The proposed DGA 

therefore aims to:

• facilitate the sharing of data between 

companies (B2B) and with consumers (B2C)

• re-use public sector data subject 

to the rights of others

• facilitate the switching of data processing 

services (cloud and edge computing) 

• provide for the development of interoperability 

standards for data and its re-use across sectors

• put in place safeguards against unlawful 

access to non-personal data in the 

cloud by third country governments.

The DGA also supports the establishment and 

development of common European data spaces 

in strategic domains that involve both private 

and public players, in sectors such as health, 

environment, energy, agriculture, mobility, finance, 

manufacturing, public administration, and skills. 

In the context of health, a document published 

by the EC believes that data-driven innovation 

will bring benefits to companies and individuals 

alike by creating efficiencies through “improving 

personalized treatments, providing better 

healthcare, and helping cure rare or chronic diseases 

… while providing efficiencies in health data will 

save approximately €120 billion a year in the EU 

health sector” (4).

Member states will have to set up a single 

information point to support researchers and 

businesses in identifying suitable data, while the 

EC will establish a European single-access point 

consisting of a searchable electronic register of 

all data available in each of the national single 

information points. 

Re-use public sector data  
subject to the rights of others
This re-use of data concerns commercially confidential 

data (such as business trade secrets), statistically 

confidential data, data with intellectual property 
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European Regulatory Watch

rights and personal data that are protected by the General 

Data Protection Regulation (GDPR) (5). If public sector 

bodies choose to share their data, it is conditional that 

they introduce harmonized basic conditions that will 

support this re-use. Technical measures that ensure the 

protection, privacy, and confidentiality of the data, through 

anonymizing or pseudonymizing the data before sharing 

and re-use must also be taken. It is also incumbent upon 

public sector bodies to verify the results of the data 

processed by the re-user, and they have the power to 

prohibit the use of the results if it believed that the rights 

and interests of third parties are being jeopardized (5). 

Under the terms of the DGA, exclusive arrangements are 

prohibited, although exceptions for a maximum of 12 

months are possible under certain conditions.

Data intermediation services
The DGA has also defined a new business model for 

data intermediary services. These are services that act 

as a data hosting marketplace platform that enables 

the sharing of data but does not process or utilize the 

data. These intermediaries will be required to notify 

supervisory authorities of their intention to perform 

these services, and a license will be required to perform 

such services. To achieve this, a licensing regime will be 

put in place by supervisory authorities to ensure that 

the intermediary service is sufficiently independent 

and has appropriate security measures to protect 

privacy and confidentiality (2). Once a licence has been 

obtained, the data intermediary will be permitted to use 

a common logo that signifies it is compliant with DGA 

regulations and is a trusted entity. These intermediaries 

are permitted to charge a reasonable fee for the 

provision of the data intermediation service but are not 

authorized under any circumstance to use the stored 

data for their own purposes or profit.

Data altruism
The third model for data sharing is altruism, which refers to 

the “voluntary sharing of data based on the consent of the 

data subject or the permission of the data holder, without 

seeking any compensation, for the common good” (5). In 

this instance, all types of data are covered. Organizations 

that want to engage in data altruism can register voluntarily 

to increase trust in their operations where upon they 

will issued with a specific EU logo. For those wishing to 

submit data, the DGA introduces a common European data 

altruism consent form to obtain (or withdraw) consent 

or permission. It is hoped that data altruism will greatly 

support scientific research as it will promote the sharing of 

otherwise confidential data for the greater good.

The question of third countries  
such as the United Kingdom 
While the new act is directly relevant for public 

sector bodies, it is important that other organizations 

and individuals, as well as any natural or corporate 

person in Europe who wishes to benefit from this 

data are aware of the changes brought in by the DGA. 

These changes take on particular significance when 

interpreted in the context of data transfers of DGA data 

outside of Europe. Data intermediaries and recognized 

data altruism providers will therefore need to consider 

if third countries offer appropriate protections for non-

personal data (6). To this end, it is thought that the 

UK will follow in Europe’s footsteps and introduce a 

similar concept of data trusts to enhance data sharing 

within the United Kingdom in accordance with GDPR. 

An adequacy decision will be required before DGA 

data that is not personal data (as personal data will 

be regulated under the GDPR) can be transferred to a 

third country (5).

Implications of DGA for  
the pharmaceutical sector
The GDPR sets out many key concepts, such as health 

data as a special category of personal data as well as 

genetic and biometric data, all of which need special 

protection (7). A specific feature in the field of health is 

that the member states have a margin to maintain or 

introduce further conditions as regards the processing 

of health, genetic, or biometric data. 

This unique nature of health data does not lessen 

the need for the intersectoral use of health data but 

does underline the necessity for specific safeguards 

to be implemented. However, mere adherence to 

data protection rules is not enough to guarantee the 

success of data-sharing programmes. Rather, the need 

to address all core elements of a robust governance 

framework for data is what is required, particularly the 

tools and means for empowering individuals to keep 

control over how their data are being used and shared in 

a transparent environment (8).

References
1. EC, Proposal for a Regulation of the European Parliament 

and of the Council on European data governance (Data 
Governance Act), COM/2020/767 final, 25 Nov. 2020.
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Digital Future available from ec.europa.eu [last updated 
13 July 2022]. 
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of the Data Governance Act Will Apply from 24th September 
2023 Onwards,” Eubelius, 7 June 2022. 
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interoperability,” says Michalle Adkins, director of life 

sciences consulting at Emerson. “For example, it can 

be used to enable much easier integration between 

a programmable logic controller used to control 

OEM equipment, such as a deionized water skid, 

and a distributed control system.” Easier integration 

enables flexible manufacturing. “Operations teams 

can use MTP to unlock modularity, using different 

equipment on demand, with MTP automating and 

simplifying the integration process,” says Adkins. 

“And users of these OEM packages can tie multiple 

systems together without the need to re-engineer 

solutions, making new equipment less costly to 

instal, validate, and maintain.” 

“Plug-and-produce initiatives are driving towards 

increased data availability and accessibility, 

where data is interfaced and contextualized in 

a smarter way to embrace data integrity and 

analytics,” says Petter Mörée, managing director 

for EMEA and industry principal for Life Sciences 

and Pharmaceuticals at Seeq. Data analytics 

enable predictive or condition-based maintenance, 

which improves equipment reliability by reducing 

unplanned downtime. Data analytics also drive 

improved time-to-market, quality, and product and 

equipment availability, continues Mörée. Digital 

asset models (sometimes called digital twins) can 

M any areas of pharmaceutical and 

biopharmaceutical manufacturing—solid-

dosage drugs, vaccines, cell and gene therapies, viral 

vectors, and others—are facing demands for faster 

time-to-market and the ability to have more flexibility, 

with faster changeovers from one product to the 

next, to match the shift to smaller batch sizes for 

more personalized medicine. Advances in equipment 

and data analytics technologies, along with digital 

tools and risk-based methods for qualification and 

validation of equipment and processes, are helping 

meet this need for speed. 

Data-driven, connected equipment
“Industry 4.0” technologies, which collect large 

volumes of data from sensors installed on equipment 

and use these data in data analytics software 

to optimize equipment and processes, continue 

to penetrate pharma manufacturing. Equipment 

and facility control systems can be designed for 

connection using standard protocols, providing 

better communication between control systems. 

“The module type package (MTP) communication 

standard provides a framework of standardized 

connectivity between OEM [original equipment 

manufacturer] equipment and centralized 

control systems to streamline connectivity and 

Jennifer Markarian
is freelance manufacturing 

reporter for Pharmaceutical 

Technology Europe. 
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Cover Story: Processing Equipment Trends

Adkins. “Teams test the class-based 

unit once, and then only need to 

test any minor differences among 

units, instead of testing each unit 

individually,” she explains.

OEM equipment with integrated 

control systems can also reduce 

validation requirements. “Commercial 

off-the-shelf (COTS) control systems 

that are integrated using libraries of 

firmware-based objects are generally 

considered to be a configured 

product, rather than a solution based 

on custom code,” says John Hatzis, 

life sciences industry consultant 

at Rockwell Automation. “More 

OEM equipment is being built with 

COTS control systems as a standard 

offering. This reduces the validation 

scope of the producer since the 

process control comes validation 

ready from the OEM. Producers 

can get a bioreactor installed, 

commissioned, and validated for 

use in production in as little as six 

months. This OEM equipment is 

designed to fit into several processes 

with minimal reconfiguration.”

Risk-based validation
The industry has been increasingly 

moving toward risk assessment 

and risk management in validation, 

directed by International Council 

for Harmonisation (ICH) guidelines 

and, specifically for equipment, 

ASTM E2500 (1). Recent International 

Society for Pharmaceutical 

Engineering (ISPE) good practice 

guides, such as the second edition 

of the Good Engineering Practice 

Guide (2) and the second edition of 

the Commissioning and Qualification 

baseline guide (3), for example, 

include risk management concepts. 

“Recent regulatory changes focus 

on an increasing practice of risk 

be used to monitor and predict 

equipment functions, so that overall 

equipment efficiency in the facility 

can be improved. For example, a 

model of process chromatography 

can be used to predict when a 

chromatography column needs to 

be repacked.

More data and their analysis 

lead to increased knowledge 

and improved risk assessment. 

Use of data analytics, along with 

first principles, prior experience, 

and risk assessment, enhances 

the ability of process experts to 

improve operations and to perform 

qualification and continued process 

verification, adds Mörée. 

Digital tools  
speed qualification
When travel was restricted during 

the pandemic, many equipment 

vendors and users pivoted to 

using video and web conferencing 

tools for activities such as factory 

acceptance testing (FAT). Companies 

are continuing their use of remote 

FAT even when travel is possible 

because it speeds qualification and 

eliminates duplication, for various 

types of equipment, including the 

automation systems.  

“Instead of testing systems at the 

supplier’s site and then testing again 

when equipment is installed at the 

plant, teams are eliminating duplicate 

work by using cloud-based FAT tools 

to remotely connect to equipment 

at the supplier, run tests using the 

actual system configuration, and 

generate documentation,” says 

Adkins. “Once testing is complete 

and equipment is on site, the team 

can use those same cloud tools 

to move the configuration from 

the development system to the 

production system.”

In addition, simulation 

technologies, such as digital twins 

and augmented reality, are being 

successfully used to speed timelines 

for equipment installation and 

counteract the effect of long lead 

times and supply-chain delays, 

contends Adkins. “Fit-for-purpose 

simulations allow engineers to test 

before the equipment is installed, 

and operators to train as though they 

were working with real equipment. 

Using these tools, teams can ensure 

their processes work properly and 

their people are ready even as they 

wait for equipment to arrive, taking 

training and testing off the critical 

path,” she explains. “Emerson 

customers are often surprised by the 

amount of time they save by using 

cloud technologies and simulation to 

support some of their qualification 

steps remotely. The ability to perform 

stages in parallel not only saves time, 

but it also contributes to lower costs 

by addressing problems earlier in the 

project, bringing new manufacturing 

lines online more quickly, while 

eliminating waste.”

Digital tools also save time by 

eliminating the time-consuming 

aspects of paperwork associated 

with input/output (I/O) designs and 

verification of connection testing. 

Modern control systems provide 

flexibility with automated “I/O on 

demand,” emphasizes Adkins. “These 

systems typically have interchangeable 

terminal blocks installed in the field 

and are connected to the control 

system via a single Ethernet cable. 

I/O is automatically mapped to the 

control system and field wiring of 

any signal type can be terminated 

on any I/O module. This simplifies 

wiring documentation and eliminates 

hundreds of hours labelling wire 

terminations and verifying cabinet 

drawings. Teams can move right to loop 

testing without spending significant 

amounts of time on documentation 

and testing because complex wiring 

and mapping are eliminated.”

Class-based systems can 

streamline validation of equipment. 

In automation systems, class-

based control creates unit classes 

containing all the operations 

associated with a single unit, says 

More data and their 
analysis lead to increased 
knowledge and improved 
risk assessment. 

Flexibility is crucial for 
contract development 
and manufacturing 
organizations (CDMOs) 
because they must 
accommodate a wide 
variety of products  
and processes.
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assessment and risk management 

while reducing reliance on strictly 

worded guidance for any given 

topic,” suggests Moria Feighery-

Ross, senior validation engineer 

at Pharmatech Associates. The 

new revision to the European 

Union’s Annex 1 (4), for example, 

“…demonstrates a reduction 

in prescriptive practices and 

an increased emphasis on risk 

assessment and sound scientific 

justification for how subjects 

are addressed throughout an 

organization’s quality management 

system,” she says.

Protocol templates that use a 

one-size-fits-all approach and don’t 

consider risk should be avoided, says 

Feighery-Ross. “For example, not 

every HVAC [heating, ventilation, and 

air conditioning] system is the same. 

Single-use aseptic processes are 

frequently performed in isolators and 

closed cartridge systems that reduce 

the reliance on the environmental 

quality. Therefore, HVAC in a facility 

with closed systems, [such as a 

personalized cell and gene therapy 

facility], should not be qualified 

using a template designed for an oral 

solid dose facility that uses open 

processing,” she explains. 

Manufacturing expansion 
puts demands on validation
One example of an area that has 

benefited from risk-based validation 

is viral vector manufacturing. 

Manufacturers have been expanding 

viral vector production capacity to 

meet the industry’s needs that have 

been driven by rapid growth in cell 

and gene therapies and in use of 

viral vectors for large-scale vaccine 

production (5). Subsequently, the 

need for commissioning and validation 

of new or renovated manufacturing 

facilities has also increased, says Wai 

Wong, vice-president of validation at 

Pharmatech Associates.

Viral vector facilities typically 

use lab-scale equipment because 

batches are smaller in size, scaling 

out to multiple lines, he explains. 

Utility requirements are often less 

complex compared to traditional 

pharma or biopharma facilities. 

“Requirements for process gasses and 

purified water or water-for-injection 

are minimal, so many companies 

can rely upon bottled water rather 

than implementing skid-based utility 

systems,” says Wong. With these 

differences, validation should also be 

different. “Validating this new type of 

facility requires a nimble and flexible 

approach,” says Wong. At the same 

time, there have been diminishing 

resources of personnel, equipment, 

and raw materials. “Moving to a 

risk-based approach to validation 

based on critical quality attributes for 

the facility, utilities, and equipment 

is essential to meet demand,” 

he concludes.  

“The trend toward risk-based 

validation reduces the CQV 

[commissioning, qualification, and 

validation] burden as requirements 

are based on specific attributes for 

the product rather than a broad 

brushstroke of requirements that 

apply to all types of facilities, 

systems, and utilities,” says Wong. 

“Risk-based validation allows us to 

focus our qualification activities on 

areas that provide the most impact 

to product quality rather than on 

unnecessary tests that are unlikely 

to affect critical attributes.”

Fast start-up of  
flexible production
Flexibility is crucial for contract 

development and manufacturing 

organizations (CDMOs) because they 

must accommodate a wide variety of 

products and processes. “A significant 

aspect of flexibility within an operation 

such as Catalent is segregation and 

multi-unit configuration, which allows 

multiple products to be processed 

simultaneously, in the same facilities, 

and often in the same production unit,” 

says John Machulski, vice-president 

of engineering, biologics, and gene 

therapy at Catalent. “An example 

would be segregating formulation from 

filling, or the ability to handle multiple 

product configurations [e.g., vials, 

syringes, or cartridges in various sizes] 

in one filling area.” 

Catalent was one of the winners 

of ISPE’s 2022 Facility of the Year 

Social Impact Category for its Project 

Mercury, which rapidly transformed 

a shell space at its Bloomington, 

Ind. manufacturing site into flexible 

vaccine manufacturing capacity during 

the pandemic. Speed of validation was 

crucial, because every day made a 

difference in the ramp-up process to 

meet demand for COVID-19 vaccines 

and therapies, explains Machulski. 

Risk-based approaches, supported 

by documented risk analyses, were 

a key aspect of making the validation 

process efficient. A second key was 

leveraging prior work. The project 

referenced activities performed 

earlier in the project lifecycle (e.g., 

FAT and site acceptance testing) in 

later qualification phases, to avoid the 

need for repetition. A third key was 

using a family approach to equipment 

validation, which leveraged the work 

done on one piece of equipment in 

the validation of similar or identical 

equipment, again supported by risk 

analyses, explains Machulski. 

Risk-based approaches can also 

be used in changeover between 

products in an existing facility. 

“Family validation approaches allow 

quickly qualified changeovers, 

reducing down-time, which, in 

turn, increases efficiency and 

the contribution made by that 

equipment,” concludes Machulski.  
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The industry has been 
increasingly moving 
toward risk assessment 
and risk management  
in validation.
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High drug loadings
Solubility is important not just for 

orally administered drugs; it is also 

essential for parenteral formulations 

because these product solutions 

must be particle-free, Schäfer notes. 

That must be achieved even for high-

concentration products—a growing 

formulation trend, which further 

increases the need for high solubility. 

“There are several strategies 

used to improve the solubility of 

hydrophobic compounds and each 

has its limitations. Safety is always 

a key concern in the formulation 

of novel therapeutics, but it is 

even more crucial for parenteral 

formulations that bypass the 

gastrointestinal tract and are 

delivered directly to receptor sites 

via the bloodstream. Therefore, not 

all strategies are practical, especially 

when formulators are trying to 

achieve high drug loading, for 

example, to reduce the frequency of 

administration,” comments Shah.

Excipients must  
provide a shielding effect
Circumvention of the blood-brain 

barrier with parenteral formulations 

also means that excipients used in 

these formulations must meet high 

quality requirements with respect 

to bioburden, endotoxin levels, etc. 

“Due to this fact,” Schäfer says, 

“not all types of excipients that may 

increase solubility are also suitable 

for parenteral administration.”

In addition, because many 

parenteral formulations are high-

concentration products, there are 

challenges to increasing solubility 

with the limited amounts of excipient 

that can be used, according to 

Heller. “For each specific API, the 

hydrophilicity and hydrophobicity of 

an excipient or excipient mixtures 

must be balanced to achieve high 

loading efficiency and formulation 

stability, while at the same time 

ensuring efficient release of the API 

from the formulation,” he remarks. 

The limited number of excipients 

available for parenteral use only 

exacerbates this challenge.

P   oor solubility issues are often associated with small-molecule 

APIs formulated for oral administration. Solubility is also 

important for parenteral products as well. Injectable products need 

to be free of particles (foreign substances and active ingredients) 

and often are high-concentration formulations, and both can be 

difficult to achieve when drug substances have poor water solubility. 

Special excipients can help overcome these solubility problems. Top 

candidates include polymeric micelles and lipid-based formulations.

Poor solubility is a general issue in drug development
Solubility is a challenge that most newly discovered drug candidates 

face, irrespective of the intended route of administration, according 

to Philip Schäfer, head of process and formulation materials at 

MilliporeSigma, the Life Science business of Merck KGaA. In fact, 

approximately 40% of APIs on the market and around 90% of those in 

development are poorly water soluble (1). 

“Today’s approach of target-oriented high throughput screening 

aimed at identifying more lipophilic compounds combined with the 

trend towards larger and more complex molecules both contribute 

to the development of APIs with reduced solubility,” says Schäfer. 

More specifically, during drug development, explains Shreya 

Shah, associate director of formulation services at LLS Health, 

many molecular targets, such as drug/enzyme binding sites, are 

hydrophobic. “As like attracts like, the main structure of candidate 

APIs is also often hydrophobic, making them poorly soluble in 

aqueous media,” she observes.

Molecular weight, chemical structure, and chemical-group 

lipophilicity are key factors affecting the solubility of small-molecule 

APIs, adds Philipp Heller, project manager innovation at Evonik Health 

Care. He notes that some peptide-based drugs can also suffer from 

poor solubility depending on their amino acid composition, while 

proteins have solubility challenges as well.

Cynthia A. Challener, 
PhD is contributing 

editor to Pharmaceutical 

Technology Europe.

Excipients for Solubility 
Enhancement of 
Parenteral Formulations
High-concentration injectable formulations present unique challenges.
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For instance, Shah explains 

that when surfactants or organic 

co-solvents are used to increase 

solubility to enable high drug 

loadings, toxicity issues and/or 

immunogenic responses can  

occur. Cyclodextrins and other 

excipients that boost API solubility 

by forming inclusion complexes, 

a process that is governed by 

thermodynamics, also must be used 

at high concentrations that can cause 

excipient toxicity issues.

Physical modification such 

as particle-size reduction via 

nanomilling may in some cases be 

an effective approach to reducing 

the concentrations of excipients 

required to enhance solubility, Shah 

adds. She also notes that reduced 

excipient concentrations may enable 

higher drug loadings because the API 

remains in a solid-liquid dispersion 

rather than being solubilized in an 

aqueous solution.

In general, because poor water 

solubility is usually driven by the 

presence of highly hydrophobic 

regions within APIs, avoiding contact 

between these hydrophobic areas 

and the aqueous environment 

within parenteral formulations has 

proven to be a potent measure 

for increasing solubility, Schäfer 

observes. “Many solubility-increasing 

excipients consequently share the 

same mode of action—a shielding 

effect of the hydrophobic areas,” he 

says. Examples include silica carriers 

and polymeric micelles.

Amphiphilic excipients with both 

hydrophilic and hydrophobic moieties 

that can be fine-tuned work best 

to enhance the solubility of APIs in 

parenteral formulations, notes Heller. 

In addition to polymeric micelles, he 

points to nanoparticle preparations 

and liposomal formulations as 

having been proven useful for the 

solubilization of hydrophobic, small-

molecule APIs. He adds, though, 

that higher API loadings are typically 

achievable with polymeric micelles 

and nanoparticles.

Generally, extensive experimental 

screening is performed using 

a variety of excipients to find 

the right match, according to 

Shah. For instance, if the API is 

hydrophobic and the excipient is an 

emulsifier, the API will sequester 

into the hydrophobic core of the 

emulsifier. Indeed, she points out 

that excipients with a hydrophobic 

group and sufficient hydrophilicity to 

coexist in an aqueous environment 

are effective emulsifiers and useful 

solubilizing agents. Polysorbate 

20 and polysorbate 80 are popular 

excipients in the formulation 

of parenteral therapeutics. 

Polyethoxylated surfactants and 

polyethylene glycols have also  

been evaluated regarding their  

ability to improve solubility in  

these applications.

One overarching consideration 

for the formulation of poorly soluble 

APIs for parenteral administration, 

stresses Shah, is that there is no one-

size-fits-all excipient. “Studies are still 

ongoing that aim to understand which 

API properties contribute to optimum 

interactions with different excipients,” 

she notes. Heller agrees. “Excipients 

must be carefully chosen and  

fine-tuned for each API.”

Encapsulating APIs  
in polymeric micelles
Polymeric micelles work by 

encapsulating poorly water-soluble 

APIs within their inner cores, thus 

shielding the drug substances from 

the aqueous environment. They are 

attractive for several reasons, notes 

Shah, including the fact that polymeric 

excipients tend to have fewer toxicity 

issues and are relatively safe at higher 

concentrations compared to small-

chain surfactants. Many are also 

biocompatible and formed from amino 

acids or other building blocks that 

exist within the human body.

According to Schäfer, they can 

be assembled from a variety of 

different polymer types, with the 

most popular choices including 

polyethylene glycol, polyethylene 

oxide, stearic acid, and G-chitosan. 

“All of these polymers have 

hydrophobic regions that orient 

towards the cores of the micelles 

and hydrophilic regions that orient 

towards the external aqueous 

medium,” he explains. The 

polymers exhibit self-assembly 

behavior triggered by forces such 

as hydrophobic interactions, 

electrostatic interactions, and 

complexation. The resulting  

micelles are typically smaller  

than 100 nm in diameter. 

Amphiphilic bioabsorbable  

diblock copolymers such as 

poly(ethylene glycol)-methyl ether-

block poly(DL-lactide) (mPEG-b-

poly(DL-lactide) and poly(ethylene 

glycol)-methyl ether-block poly(DL-

lactide-co-glycolide) are commonly 

used, according to Heller. When 

formulated with these polymers, 

hydrophobic APIs associate with 

the hydrophobic lactide/glycolide 

polymer segments, while the 

hydrophilic PEG polymer segments 

arrange themselves into the 

surrounding aqueous environment. 

“Micelles or nanoparticles are 

formed based on the molecular 

weight of the block copolymers,” 

Heller continues. In the end, 

extremely small, high-surface area 

nanomicelles or nanoparticles 

are generated that are colloidally 

stabilized by the outer hydrophilic 

polymer PEG segments. The size 

and physical properties of polymeric 

micelles and nanoparticles improve 

API solubility and enhance API 

exposure to patients, he comments.

Genexol PM (Samyang Holdings)  

is an example of a recently 

introduced commercial paclitaxel 

product formulated using 20- to 

50-nm mPEG-b-poly(DL-lactide 

polymeric micelles. It offers, 

according to Heller, sustained 

release over 48 hours with improved 

solubility and efficacy and reduced 

Amphiphilic excipients 
with both hydrophilic and 
hydrophobic moieties 
that can be fine-tuned 
work best to enhance 
the solubility of APIs in 
parenteral formulations...
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cyclodextrins are an example of 

a type of excipient that has been 

re-discovered and used with 

increasing frequency in recent years. 

These cyclic oligosaccharides 

are derived from natural starch and 

arranged in the form of a hollow 

cone with a hydrophilic exterior and 

hydrophobic interior and thus can 

shield a broad range of hydrophobic, 

poorly water-soluble APIs from 

aqueous media, according to 

Schäfer. He adds that they exhibit 

a very good safety profile, which 

makes them suitable for parenteral 

administration. In addition, 

cyclodextrins may also protect 

APIs from chemical degradation, 

reduce protein aggregation, and 

mask odours and tastes. One 

example highlighted by Schäfer is 

the use of sulfobutylether-β-CD 

for the formulation of remdesivir, 

a parenteral drug used for the 

treatment of COVID-19.

Heller points to albumin 

nanoparticles and synthetic 

polypeptides and other  

excipients that have attracted 

attention as solubility enhancers  

for parenteral formulations.

Beyond formulation 
Using excipients to optimize 

solubility presents some challenges, 

because this type of formulation 

work typically takes place during the 

latter part of the development cycle. 

“Often developers will find that 

formulation optimization alone is not 

sufficient to enhance API solubility. It 

is therefore recommended that API 

solubility issues be tackled sooner  

in the development process,”  

states Schäfer. 

That entails looking at API 

processing to improve drug 

solubility. In addition to particle-

size reduction by, for example, 

nanomilling, salt formation, cocrystal 

formation, and polymorph screening 

toxicity and hypersensitivity 

compared to more conventional 

formulations containing surfactants.

“Polymeric micelles and polymeric 

nanoparticles are attractive 

preparations because they combine 

high loading efficiency, favourable 

pharmacokinetics properties, and 

improved clinical efficacy,” Heller 

concludes. “We see future  

potential for polymeric micelles and 

polymer nanoparticles made with 

biocompatible, bioabsorbable mPEG-

b-polylactide diblock copolymers,” 

he predicts. These diblock 

copolymers are part of that class of 

lactide/glycolide polyester functional 

excipients that have a proven safety 

record as evidenced by the number 

of long-acting injectable products 

(60) and bioabsorbable medical 

devices that have been on the 

market for decades,” Heller explains.

Shah also sees polymeric micelles 

as an exciting technological 

advancement for parenteral 

formulations. In addition to block 

co-polymers such as PEGylated 

polylactic acids, PEGylated 

polyglycolic acids, or even a 

combination of lactic and glycolic 

acids, she finds the polaxamers, 

or pluronics, have also been 

used for micelle formation and 

solubility enhancement. “These 

triblock co-polymers [have] a more 

hydrophobic central portion of the 

chain that forms the core, with more 

polar, hydrophilic ends extending 

out into the aqueous milieu.”

An example of a new excipient 

technology for increasing the 

solubility of parenteral formulations 

based on polymeric micelles comes 

from LLS Health. Its Apisolex 

excipient is a multiblock co-polymer 

comprising a polysarcosine block 

and a D-/L- mixed poly amino acid 

block, according to Shah. “Sarcosine 

is an amino acid derivative that 

is naturally found in human 

muscles and tissues, making it a 

biocompatible alternative to existing 

excipients used in parenteral 

formulations, especially where 

high drug loading is desired,” she 

says. In the polymeric micelles 

formed by Apisolex polymer, the 

mixed poly amino acid block forms 

the hydrophobic cores while the 

polysarcosine block forms the 

hydrophilic coronas.

LNPs similar but  
structurally different
LNPs also encapsulate APIs, but 

they are structurally different from 

polymeric micelles. “Solid LNPs 

house hydrophobic APIs within the 

lipids in a solid core that remains 

solid even when the particles 

are dispersed in the aqueous 

environment. Nanostructure 

vesicles, meanwhile, consist of both 

liquid and solid lipid components/

compartments within the solid 

particles,” says Shah.

LNPs have recently become well 

known for their use in protecting 

messenger RNA (mRNA) from 

degradation and aiding in its 

cellular uptake, but they can be 

advantageous for many other drug 

substances. While nucleic acids such 

as mRNA and small interfering RNA 

(siRNA) do not have poor solubility 

properties, they can enhance the 

solubility of more conventional 

small-molecule APIs. “The future 

for LNPs lies in the development of 

new functional lipids to navigate 

the patent landscape and enable 

targeting of specific organs, tissues, 

and cells,” contends Heller.

Other excipients 
Given that most new drug candidates 

suffer from poor solubility to some 

degree, much work has been 

focused on identifying a wider 

array of solutions for solubility 

enhancement. For parenteral drugs, 

LNPs have recently 
become well known for 
their use in protecting 
messenger RNA (mRNA) 
from degradation and 
aiding in its cellular 
uptake, but they can be 
advantageous for many 
other drug substances.

LNPs also encapsulate 
APIs, but they are 
structurally different from 
polymeric micelles. 
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are also important avenues to 

pursue, according to Schäfer. “These 

methods not only offer the possibility 

to significantly enhance solubility, 

but can also tackle characteristics 

like physical and chemical stability, 

dissolution rate, and processability,” 

he says. Further optimization by 

formulation can then be layered on 

if needed. In fact, Schäfer believes 

that API processing and tailored 

formulation should go hand in hand 

to achieve the optimum probability 

of success for drug candidates.

Novel excipients  
becoming attractive
Traditionally, there has been limited 

development in novel excipients for 

solubility enhancement. Developers 

tend to focus, Shah observes, 

on creating new formulation 

technologies using excipients 

with a known safety profile rather 

than developing new excipients 

for solubility enhancement. “For 

example, there is significantly more 

[effort] to develop new technologies 

using existing polymers with known 

toxicity profiles, such as amorphous 

solid dispersion technologies, 

than [to develop] novel excipients 

for improving solubility of poorly 

soluble drugs,” she says. 

More recently, however, Shah 

observes that novel excipients are 

becoming an attractive route as 

well. “Novel excipients present a 

way to leverage existing techniques 

and achieve the same, if not better, 

results,” she insists. They also  

provide increased IP protection 

and, because the IP is new, longer 

patent life for drug developers 

and marketers to leverage. Novel 

excipient IP may, in particular, be 

useful for older clinical candidates 

that have previously been shelved 

due to solubility issues, she notes.

Polymeric excipients, especially 

those which enable micelle 

formulation, are a good example. 

“These new excipients provide a 

significant means for achieving 

better solubility and high drug 

loading for APIs that previously 

failed during the drug-development 

process. Using the FDA’s [US 

Food and Drug Administration’s] 

505(b)(2) regulatory pathway also 

allows reformulation of previously 

approved drug substances with 

novel excipients for enhanced 

biological performance but lower 

application risk and expedited time 

to market,” she concludes.
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A peer-reviewed article, “Novel Formulations and  
Line Extensions with Soft Capsule Technology,” 
has been published in the November 2022 issue of 
Pharmaceutical Technology North America and is 
available on PharmTech.com.

The purpose of this article was to present the 
advancements in soft capsule technology that can 
enable the development of soft capsule formulations. 
As described in the paper, oral solid dosage (OSD) forms 
are the preferred route of administration for patients 
over injection, and, within the OSD wheelhouse, soft 
capsule formulations are gaining popularity. This swell 
in popularity is attributable to the growing population 
of patients who have difficulty swallowing hard 
capsules and pills—such as geriatrics, paediatrics, and 
patients with dysphagia. The authors observed that 
soft capsule formulations can become the preferred 
dosage delivery system with the potential to achieve a 
high rate of patient compliance.

The authors present the argument that soft capsule 
formulations have advantages over other OSD 
forms, such as faster delivery and improved drug 
absorption (1). When pointing to comparative studies 
for illustrative purposes, the authors highlight one 
study which suggested that many soft capsule forms 
of oral ibuprofen have a faster onset of action than 
immediate-release tablets. Another study, discussed 
by the authors to argue the case for soft-capsule 
doses, demonstrated that a soft capsule formulation 
developed for melatonin displayed a clinical advantage 

with improved bioavailability in low dose over the 
powder form. 

Soft-capsule dosage delivery innovations include 
extended-release technology, delayed-release soft 
capsule shell formulations, and coated delayed-release 
soft capsules. There are also chewable soft capsules 
that are designed to completely or nearly wholly 
dissolve with chewing; a form of delivery that works 
best for paediatric and geriatric patients as well as 
patients with difficulty swallowing.

Another added advantage is that soft capsule 
shells can be plant-based or synthetic-based, not just 
gelatine-based. Plant-source soft-shell formulations 
offer an alternative to animal-derived formulations, 
which addresses a historical reason for non-
compliance among patients who have dietary concerns 
over ingesting animal-based source material. 

In conclusion, the authors put forward that soft 
capsule dosage forms present the opportunity for 
increased bioavailability, which would in turn reduce 
the required dosage amount and thus potentially 
reduce the costs of orally administering costly drug 
substances. There is also the potential for improved 
efficacy due to the increased drug absorption (including 
of poorly soluble drugs).

Reference
1. S. Turner, N. Talwar, and A. Pazhayattil, “Novel 

Formulations and Line Extensions with Soft Capsule 
Technology,” Pharmaceutical Technology 46 (11) 2022.

—Feliza Mirasol

Editor’s Note: Novel Formulations and Line Extensions with Soft Capsule Technology

Traditionally, there has 
been limited development 
in novel excipients for 
solubility enhancement.
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of such a transfer is, therefore, 

determined by multivariable aspects, 

including filing strategies, special 

arrangements with authorities, 

and the commitment to accepting 

potential operational and methodical 

changes enabling the achievement of 

state-of-the-art processes.

Managing high 
process complexity
The stakes are high, and the processes 

involved are complex with possible 

unforeseen challenges. A good 

starting point is the creation of a 

dedicated team with the necessary 

skill sets and know-how in addressing 

multiple areas of the process. The 

team should include experts from 

development, production, quality 

assurance, regulatory affairs, quality 

control, and qualification/validation. 

They are responsible for facilitating and 

executing the process and coordination 

with the technology transfer/project 

leader. Roles and responsibilities for 

all team members involved must 

be agreed upon, and a system that 

ensures adequate communication 

and feedback of information, including 

a confidential agreement between 

parties, must be established. 

The inception of any process 

transfer is the process validation 

approach (Figure 1), which is 

based on the US Food and Drug 

Administration’s (FDA’s) Guidance 

for Industry: Process Validation: 

General Principles and Practice (1). Its 

purpose is to always achieve a robust 

and reproducible manufacturing  

process with consistent quality at  

the receiving site. The following 

sections are the major project steps 

of a tech transfer.

Process development. A 

successful transfer includes an 

initial comprehensive process 

development based on appropriate 

A  technology transfer is the moving of a product and process 

knowledge between development and manufacturing and 

within or between manufacturing sites to achieve project realization. 

Key reasons why pharma and biotech companies undertake 

technology transfers is to ensure an adequate supply for the 

patient and that there is a backup strategy for production, which 

is necessary to manage risk in place. Additionally, there may be a 

lack of appropriate resources/capacity for process optimization, 

commercial production, secondary packaging, and/or supply chain 

management. A technology transfer is also necessary for scale-up 

projects to achieve better efficiency for manufacturing due to the 

need for a larger batch size (e.g., when transferring from clinical to 

commercial manufacturing for product launch).

Due to its complexity, every tech transfer has a high risk and 

involves strict regulatory requirements and adherence to detail. If 

attention is not paid to the details, the implications of a poor transfer 

can have serious and lasting consequences. Therefore, expertise and 

strong project management are essential. 

The necessities of a successful technology transfer
The transfer of an aseptic manufacturing process involves numerous 

development steps and challenges, especially because multiple 

partners and sites are usually involved. These include the sending 

unit (defined as the involved disciplines within the organization 

where a designated product, process, or method is expected to 

be transferred from) and the receiving unit (the disciplines where 

a designated product, process, or method is expected to be 

transferred and executed). 

From a regulatory perspective, a technology transfer of an 

aseptic commercial product from one cleanroom to another may 

not differ much in regard to time and effort compared to the initial 

development and design of the manufacturing process. The scope 

Doris Rottenbusch
is the team manager for 

technology and process 

transfer at Vetter Pharma 

Fertigung GmbH & Co KG.

Scale-up and Tech Transfer: 
From Development  
Lab Studies to 
Commercial Production
Adherence to detail and thorough project management 
are required for successful tech transfer and scale up.

Due to its complexity, 
every tech transfer 
has a high risk and 
involves strict regulatory 
requirements and 
adherence to detail. 
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relevant documentation and 

on the application of holistic 

risk management, according 

to International Council for 

Harmonisation (ICH) Q8 (R2) 

Pharmaceutical Development 

guideline (2). The assessment 

of potential gaps in the planned 

at-scale manufacturing process 

and derivation of recommended 

development lab studies will assist 

in identifying and evaluating any 

differences between the transfer 

sites. Additionally, the assessment 

of generated data leading to 

proposed operating ranges also 

helps to identify any critical process 

parameters that must be controlled 

to meet critical quality attributes 

(CQAs) during process design. 

Process design. The knowledge 

gained through the development of 

the drug product and the experiences 

of scale-up activities determines 

the manufacturing process to verify 

that the process delivers consistent 

quality for the product. This is 

achieved by implementing a control 

strategy at the receiving site for 

identifying and controlling sources of 

variability in materials and processes. 

To develop the most suitable process, 

technical batches and initial good 

manufacturing practice batches are 

designed and supervised, defined 

ranges of operating parameters  

are verified through assessment 

of the potential impact on quality 

attributes, and obtained data of 

process robustness are evaluated  

and assessed. Finally, a risk 

assessment is performed to 

determine the impact of process 

parameters on quality attributes.

Process performance 

qualification. During this stage, 

the process design is evaluated 

to determine if it is capable 

of a reproducible commercial 

manufacturing approach. Revisiting 

the process design data, the related 

risk assessment, and the critical 

assessment of defined process 

parameters that support the guiding 

process performance qualification 

(PPQ) strategy are necessary. In 

addition, PPQ batches are supervised, 

and the data are assessed against 

pre-defined acceptance criteria. 

The coordination of change control 

as a required step prior to the first 

commercial batch is also key. 

Continued process verification. 

This final step ensures the process 

remains in a state of control during 

routine commercial production 

for market supply. The basis is 

the establishment of an ongoing 

programme to collect and analyze 

product and process data that relate 

to product quality. With the handover 

of the qualified process to the 

responsible production and quality 

units for commercial manufacturing, 

the technology transfer is completed. 

Overall, strong experience is 

required in multiple areas, including 

an intimate knowledge of the nature 

of the API as well as the attributes 

and formulation that result from 

events that may arise during stability 

testing. In addition, knowledge of 

filing strategies is essential because 

some countries have specific 

requirements for commercialization 

that can influence the scope of 

process qualification strategies, 

such as bracketing strategies, batch 

sizes, holding times, etc. Regulatory 

constraints can also influence the 

change in a production environment. 

Furthermore, the exchange of 

processes—including equipment 

and facilities, cleaning and sterilizing 

procedures, input parameters, 

and in-process controls—within or 

between production sites must be 

assessed, and the documentation 

of the transfer with all its contracts, 

protocols, reports, and instructions 

must be completed. In-process 

and release specifications of the 

product must be adhered to and be 

comparable with the design space 

(i.e., the tolerance levels for specific 

parameters that still guarantee 

product quality).

Overcoming technology 
transfers challenges
As noted, there are many challenges 

to a successful technology transfer. 

The following examples help 

to illustrate difficult situations 

encountered by a contract 

development manufacturing 

organization (CDMO) and how they 

were successfully resolved. 

In the first example, based on a 

paper-based gap analysis (Table I), 

both the cleanroom processes 

were analyzed for differences 

in manufacturing steps and the 

Figure 1. Focusing on unique quality parameters for high-precision and evidence-based process development 
for technology transfer and scale-up.
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larger amount of API is necessary 

to manufacture more batches, 

larger compounding equipment 

was needed in this instance. As 

such, lab trials were undertaken 

to support the selection of the 

appropriate operational parameters 

for compounding and succeeding 

filtration processes.

Besides the change in volume, 

there was also a need to analyze 

pumping parameters because 

greater volume and implemented 

changes created the need for 

adaptions of fill setup within 

the cleanroom with regards to 

equipment dimensions, filter sizing, 

and fluid dynamics as well as the 

impact of used transfer medium 

nitrogen on the filling characteristics 

of the drug product. As a precaution, 

the filling operation took place under 

nitrogen pressure to minimize any 

potential interaction with oxygen. 

The degree of oxygen sensitivity 

in the headspace of syringes is, in 

equipment (e.g., format and 

preparation of primary packaging 

materials) (Vetter, unpublished data). 

One major change was foreseen for 

the primary packaging materials 

because the drug product went 

from a vial to a glass barrel. In this 

case, washing and siliconization of 

the glass barrels, the siliconization 

level/distribution, and ejection 

forces were analyzed prior to 

entering the filling line. The two 

main differences that had to be 

evaluated were siliconization 

distribution over the glass surface 

and content/functionality testing 

by determination of break loose 

and gliding forces interaction. 

Additionally, stability tests for a drug 

product solution with the silicon oil 

level—in contrast to a vial without 

silicon—were carried out. By using 

specific analytical methods, such as 

ultra-thin layer explorer and Fourier-

transform infrared spectroscopy, the 

distribution was assessed to fulfil 

the requirements in combination 

with the measured break loose 

and gliding forces to maintain the 

functionality of the product produced 

with the new cleanroom process. 

Additionally, hold-up volume 

determination and a new design for 

expellable volume were carried out 

to fulfil the new requirements of the 

transition from vial to glass barrel. 

Because this change of primary 

packaging material had regulatory 

consequences, new stability and 

compatibility studies had to be 

submitted and adapted. 

In the second example, following 

the relevant attributes derived from 

the drug product profile—including 

appearance, particular matter, 

impurity, and sterility—potential 

risks around the compounding 

process, filtration processes, and 

filling technology using conventional 

pump systems were identified 

(Vetter, unpublished data). While 

this is not unusual given that a 

Table I. An initial paper-based assessment (gap analysis) is the basis for all successful tech transfers and 
provides indications for the necessary budget, timing, and resources (Vetter, unpublished data).

Parameter/
equipment

Cleanroom 
A

Cleanroom 
B

Change  
(yes/no)

Documented 
in filing  
dossier

Impact on  
quality  

attributes
Potential risk

Primary  
packaging 
material 

(PPM) 
(format) 

Vial 
Glass 
barrel  

siliconized
Yes Yes

Drug 
product 
quality 

Medium. Feasibility studies 
for PPM change were 

successfully carried out, 
and new stability and 

compatibility studies had 
to be performed.

Mode of 
pumping

Peristaltic 
pump

Rotary     
piston 
pumps 

diameter     
16 mm

Yes Yes Fill volume

Medium. Pump studies 
using the drug product: 

comparison of two different 
pump technologies were 
successfully carried out; 

wide specification limits (+/- 
5%) for fill volume, process 

capability needs to be 
verified on the filling line.

Number of 
fill heads 
(pumps)

4 8 Yes No No

Low. Executed pump 
studies demonstrated 
no impact on product 

quality attributes; process 
capability needs to be 

verified to demonstrate that 
all pumps run on target.

Diameter fill 
needle

2.6 mm 3.6 mm Yes No Fill volume

Low. Executed pump 
studies using comparing 

both fill needles 
demonstrated no impact on 
product quality attributes.
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most cases, not known and thus 

not defined as a specification. 

To maintain the current level of 

oxygen, the vacuum stoppering 

technique was additionally used 

in the cleanroom to reduce the air 

bubble size to the smallest possible 

as a second measure of control. 

Therefore, additional engineering 

runs were required to evaluate 

optimal dimensions of fill tubing, fill 

equipment like break tanks, and fill 

needles to adjust to an increased line 

speed because the new fill line had 

faster filling compared to the donor 

fill line. Due to this new fluid dynamic 

of the drug product solution, it was 

necessary to optimize the filtration 

rate of the inline sterile filter as 

well as the transfer force, nitrogen 

overpressure, in the cleanroom. In 

the end, an optimized line setup, 

filling equipment, as well as a filter 

unit combined with driving force 

were established to carry out a 

robust and controlled process. 

Although engineering runs have  

the disadvantage of additional 

cost and time as well as higher 

consumption of material, their 

benefits are many and include 

gaining a greater process 

understanding and performance 

while simultaneously training 

personnel, operations that take 

place in cleanroom conditions, 

the demonstration of product 

comparability, the verification of 

CQAs, etc. Further, the risk mitigation 

efforts can be demonstrated, and any 

issue  or manufacturing instruction 

can be improved. 

The third example involved the 

filling process where the drug 

product solution had challenging fluid 

characteristics (Vetter, unpublished 

data). The goal was to determine a 

suitable pump system available in 

the receiving cleanroom. The criteria 

were to achieve the highest possible 

accuracy, establish a controlled 

process, and fulfil critical product 

quality attributes like appearance, 

particulate matter, impurity, and 

expellable volume. In this case, two 

pump systems with a rotary piston 

pump as well as a diaphragm pump 

(Figure 2) were identified to be 

precise enough for filling assured by 

supporting product quality data. In 

the end, the choice was made to use 

the rotary piston pump due to the 

timing perspective. Of course, these 

results were transferred and verified 

by additional engineering runs 

at-scale production.

Are you working 
with the right people?
Due to its complexity and high 

risk, companies often rely on the 

expertise of a qualified CDMO 

that has considerable know-how 

in process development and the 

technology to support a tech transfer/

scale-up process to product launch. 

The experience and data gained in 

previous tech transfer projects can 

also help reduce timelines. 

Tech transfer is only successful 

when the receiving unit can 

reproduce the transferred product, 

process, or method against a 

predefined set of specifications 

as agreed with the sending unit 

of the drug. Thus, a project is 

ultimately dependent on the skill 

and performance of the individuals 

assigned to the project as well as on 

the experience of the transferring 

team. The experience of the 

receiving unit is also important in 

terms of the drug product, primary 

packaging, and process and 

components since the initial gap 

analysis is paper based. Further 

documentation is a key element of 

tech transfer, ensuring consistent 

and controlled procedures for tech 

transfer and running the process. 

Clear documentation should  

provide assurance of process and 

product knowledge.

Every transfer must result in 

as little change as possible to use 

the existing data and simplify the 

regulatory approval process. Only 

then can the handover of qualified 

processes to responsible production 

units for commercial manufacturing 

take place, and the technical lead of 

potential life cycle projects can be 

initiated for commercial products.

References
1. FDA, Guidance for Industry, Process 

Validation: General Principles and 
Practices (CDER, CBER, January 2011). 

2. EMA, ICH Guideline Q8 (R2) on 
Pharmaceutical Development  
(June 2014)  PTE

Figure 2. In a pump study, a suitability test of multiple setups and pump 
parameters evaluated the potential impact on critical quality attributes 
(Vetter, unpublished data).

[A] project is ultimately 
dependent on the skill 
and performance of the 
individuals assigned to the 
project as well as on the 
... transferring team.  
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HPAE-PAD is selective and specific 

for carbohydrates because pulsed 

amperometry detects only those 

compounds with functional groups 

oxidizable at the detection voltage 

applied. It enables determination of 

carbohydrates using small sample 

volumes and without laborious sample 

derivatization.

Addressing the key 
workflow challenge
Manual preparation of the high-pH 

eluents needed for HPAE-PAD is both 

time-consuming and complex. Because 

most HPAE-PAD problems arise from 

improper eluent preparation, this 

preparation is a critical step in ensuring 

analytical success (1,2).

Most HPAE-PAD eluents are 

composed of water, sodium hydroxide 

(NaOH) or potassium hydroxide (KOH), 

and sodium acetate. Each component 

is prone to issues of quality and 

variability, and manual preparation 

introduces further inconsistencies. 

Improperly prepared eluents can lead 

to serious problems in the workflow, 

including a high detection background, 

high noise, loss of analyte retention, 

and potential contamination of 

the system. Results may be poorly 

reproducible and make method 

transfer challenging.

Automated electrolytic generation of 

the eluent within the chromatography 

system offers an alternative to manual 

preparation. Here, an eluent generator 

equipped with a KOH cartridge is con-

nected in series with one that has a 

methanesulfonic acid (MSA) cartridge 

to produce eluents containing KOH, 

KOH and potassium methanesulfonate 

(KMSA), or methanesulfonate (MSA). 

This dual eluent generation cartridge 

(EGC) approach produces KOH/KMSA 

eluents capable of executing many 

applications that use NaOH/sodium 

acetate. Cartridges are installed within 

the chromatography system and 

require only the addition of deionized 

water. System software manages the 

eluent concentrations and gradients, 

while chemicals are carefully controlled 

with no manual handling and, there-

fore, the avoidance of human error.

G  lycosylation is a critical quality attribute (CQA) for therapeutic 

proteins, influencing their stability, bioactivity, and 

immunogenicity. Glycoprotein characterization and glycosylation 

profiling are therefore fundamental in the development and production 

of biopharmaceutical molecules associated with vaccine research 

and manufacturing. In this rapidly growing sector, fast, reliable, and 

reproducible analytical methods are an absolute necessity. 

One of the most established and effective techniques for separating 

and quantifying complex carbohydrates is high-performance anion-

exchange chromatography with pulsed amperometric detection 

(HPAE-PAD). Although widely used, HPAE-PAD has a drawback in  

that traditionally it involves manual preparation of the eluent. 

Replacing this step with an automated approach is improving both 

method precision and productivity.

Principles and benefits of HPAE-PAD 
HPAE-PAD is applicable to the analysis of a wide range of carbohydrates, 

delivering high-resolution separations and sensitive direct detection of 

low-picomole quantities. HPAE chromatography of neutral carbohydrates 

is possible because they are weakly acidic and ionize at high pH, enabling 

their separation as anions. Specifically developed polymeric anion- 

exchange columns are needed because classical silica-based high-perfor-

mance liquid chromatography (HPLC) columns degrade rapidly at high pH. 

Pulsed amperometry, used for detection, measures the electrical 

current generated by the oxidation of carbohydrates at the surface of a 

gold working electrode. The current is proportional to the carbohydrate 

concentration. If just a single potential is applied to the electrode, 

oxidation products gradually foul its surface, resulting in loss of 

signal. To prevent this, the electrode surface is cleaned by a series of 

potentials applied for fixed periods after the detection potential, which 

is referred to as a waveform. Repeated application of a waveform is the 

basis of pulsed amperometry.

Wai-Chi Man
is IC/SP product  

marketing manager at 

Thermo Fisher Scientific.

Automating a Critical Step 
in Glycoprotein Analysis 
for Vaccine Manufacture
Replacing a step in sample preparation with an automated 
approach improves both method precision and productivity.
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The following case studies illustrate 

the benefits of automated eluent 

preparation and the use of reduced 

volume chromatography columns 

in HPAE-PAD workflows for typical 

glycoprotein applications: sialic 

acid determination and profiling of 

N-linked oligosaccharides.

Evaluation of automated 
eluent preparation
Sialic acids are derivatives of the 

nine-carbon sugar neuraminic acid. 

Two of the most important are 

N-acetylneuraminic acid (Neu5Ac) 

and N-glycolylneuraminic acid 

(Neu5Gc), both of which occur in 

many biomolecules. In recombinant 

therapeutic glycoproteins, sialylation 

can maintain certain properties of 

the native protein, such as circulatory 

half-life, biological activity, and 

solubility. Because of this, increased 

sialylation is often engineered into 

recombinant molecules. 

Humans generally do not produce 

Neu5Gc, so its presence in a 

therapeutic glycoprotein is potentially 

immunogenic. It is therefore vital to 

understand the sialic acid content 

of a glycoprotein when examining 

its therapeutic efficacy and safety. 

HPAE-PAD is widely used in this 

application, with analysis performed 

following acid hydrolysis or enzyme 

digestion of the glycoprotein. 

In this study, modification of an 

established HPAE-PAD workflow for 

sialic acid determination replaced 

conventional manual eluent 

preparation with automated eluent 

generation. It also included a smaller 

chromatography column with a lower 

flow rate than that described in the 

conventional workflow, reducing 

the amount of eluent required. The 

modified workflow was used to 

determine the sialic acid content 

of three glycoprotein samples, 

evaluating the key performance 

parameters of separation, linearity, 

limits of detection (LODs), accuracy, 

and precision. 

Setup and results. The analysis 

setup included a high-performance 

ion chromatography system (Dionex 

ICS-6000 HPIC, Thermo Scientific) 

equipped with an automated eluent 

generation module (Dionex ICS-

6000 EG Eluent Generator, Thermo 

Scientific) and an electrochemical 

detector for pulsed amperometric 

detection (Dionex ICS-6000 DC 

Detector/Chromatography module, 

Thermo Scientific). Figure 1 illustrates 

the workflow for HPAE-PAD in dual 

EGC mode. The inclusion of a 1-mm 

chromatography column (Dionex 

CarboPac PA20-1 mm, Thermo 

Scientific) designed to work with 

the dual EGC mode reduces eluent 

consumption compared with the more 

conventional 3-mm column. Samples 

analyzed were bovine apo-transferrin 

(b. apo-transferrin), calf fetuin (fetuin), 

and human α–acid glycoprotein 

(h. AGP), all of which underwent 

triplicate acetic acid hydrolysis before 

measurement. The full experimental 

set up and chromatographic 

conditions are described in a technical 

application note (3).

Changing from manually prepared 

NaOH/sodium acetate eluent to KOH/

KMSA delivered in dual EGC mode 

requires new eluent conditions to 

achieve similar separations. Table I 

shows the KOH/KMSA gradient 

established to enable Neu5Gc 

separation, column washing, and 

column re-equilibration. This gradient 

gave clear separation and easy 

quantification of Neu5Ac and Neu5Gc 

peaks using the new 1-mm column 

as well as good separation of the 

Neu5Ac peak from the void (important 

when analyzing acid-hydrolyzed 

compounds that might contain other 

poorly retained compounds). Neu5Ac 

retention time matched that of the 

conventional method, while Neu5Gc 

eluted around seven minutes after; 

both were stable over 15 days.

Calibrations for Neu5Ac and Neu5Gc 

were linear over the ranges studied. 

LODs were 20.9 nM (8.36 fmol) and 

10.3 nM (4.13 fmol) for Neu5Ac and 

Neu5Gc, respectively, with limits of 

quantitation (LOQs) being 69.7 nM (27.9 

fmol) and 34.4 nM (13.8 fmol).

Figure 2 shows separation of sialic 

acids in the glycoprotein samples 

tested. Neu5Ac is well separated 

from early eluting components and 

Figure 1. Example illustration of a high-performance ion chromatography 
system (HPIC) system in dual eluent generation cartridge (EGC) mode.

Table I. Potassium hydroxide (KOH)/potassium methanesulfonate 
(KMSA) eluent gradient. 

Time (min) KMSA (mM) KOH (mM)

0 19 100

4 100 100

13 100 100

13 19 100

30 19 100
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resolution of sialic acids to the 

conventional method. It has the 

benefit of simpler operation and 

improved retention time precision.

Testing dual EGC
Oligosaccharides are identified based 

on comparison to known standards 

in combination with exoglycosidase 

digestions. Rohrer et al. (4) reported on 

the HPAE-PAD method giving superior 

resolution of immunoglobulin G (IgG) 

oligosaccharide separation using 

manually prepared NaOH/sodium 

acetate eluent gradients. The work 

summarized here uses automated 

eluent generation and a 1-mm column 

for the same analysis.

Setup and results. The general 

equipment setup and workflow 

are as shown in Figure 1 for the 

sialic acid study, except that a 

different chromatography column 

(Dionex CarboPac PA200 1mm, 

Thermo Fisher Scientific) was used. 

The full experimental set up and 

chromatographic conditions are 

described in detail in a technical 

application note (5).

Testing the separation of IgG 

oligosaccharides in the dual EGC setup 

with a 1-mm column used a solution 

of the most abundant uncharged 

(neutral) N-linked oligosaccharides 

and the major sialic acid-containing 

(charged) oligosaccharides released 

from human serum IgG. The solution 

was prepared by treating human 

serum IgG with rapid PNGase with 

and without denaturation. The glycan 

profile without denaturation shown 

in Figure 3 matches separations 

reported previously (2) and indicates 

good resolution of uncharged 

IgG oligosaccharides (glycans), 

comparable with traditional 

HPAE-PAD separations. 

The identities of the neutral and 

charged glycans in Figure 3 were 

confirmed by the appearance or 

disappearance of peaks following 

appropriate enzyme treatment. 

Neu5Ac presence is confirmed with 

neuraminidase treatment. Treatment 

is present in all three glycoproteins. 

As expected, Neu5Gc is absent from 

the human glycoprotein (S3). The 

sialic acid levels in all the samples are 

consistent with determinations made 

using conventional (manual eluent 

preparation) HPAE-PAD. 

Recovery studies to evaluate 

method accuracy involved spiking 

sialic acids into each sample 

hydrolysate and a reagent blank. 

Recovery ranged from 95.1% to 105%, 

indicating that accurate sialic acid 

measurements were being made 

without column or detector overload. 

Inter-day precision, determined by 

triplicate injection of a calibration 

standard on three separate days, 

showed variation in peak area 

precision of just 0.83% to 1.04% and 

in retention time precision of < 0.2% 

for all target sialic acids.

Outcomes. This study showed 

that the conventional HPAE-PAD 

method for determining sialic acids 

in glycoproteins can be modified 

to include automated eluent 

generation together with a 1-mm 

chromatography column in place 

of manual eluent preparation and 

a 3-mm column. The modified 

method gives excellent separation, 

linearity, sensitivity, accuracy, and 

reproducibility, and delivers similar 

!

! "! #! $!
#!

%%

&'()*+,

(-

"
#

!"#$
%&
'()*

%+
'()*

%,
'()*

& -"./01 23445 &+34 +/3,
+ -"./61 &3+7 23+4/ -8

."

.#

.$

!"#$%&'()'*"+,"-'+-".'.&/&%0"1+/"21'23'/4%&&'#,5-26%2/&"1'+-".'45.%2,57+/&8'

"!/0,'1(230455,+*

7

Reference potential shifting can lead to unusually high 
background response from the working electrode, 
reduced signal response, or a combination of both 
effects. If the reference electrode fails while the 
electrochemical detection cell is on, replace the 
disposable working electrode as well as the reference 
electrode. A large shift in reference potential can damage 
the disposable working electrode.

For the Dual EGC application, we use a 1 mil gasket 
rather than the 2 mil gasket provided with the disposable 
electrode. Reducing the gasket thickness increases the 
linear flow rate at the electrode, further enhancing the 
sensitivity. Replace the gasket if there is a leak between 
the gasket and electrode, or between the gasket and cell 
body.

Results and discussion
IgG oligosaccharide separation on the Dionex 
CarboPac PA200 1 mm column
Using the dual electrolytic eluent generation platform, 
the most abundant uncharged (neutral) N-linked 
oligosaccharides and the major sialic acid-containing 
(charged) oligosaccharides released from human serum 
IgG were separated on a Dionex CarboPac PA200  
1 mm column (Figure 3). A solution of N-linked 
oligosaccharides was prepared, and an aliquot (0.4 µL) of 
the solution was injected onto the column and eluted at  
0.063 mL/min with a shallow KMSA gradient from  
0.3 to 1 mM in a constant 65 mM KOH in the first  
25 min. From 25 to 44 min, a simultaneous linear KMSA 
gradient from 1 to 28 mM and linear KOH gradient from 
65 to 90 mM is introduced to separate the charged 
glycans. The pH change caused by the KOH gradient 
results in a very slight increase of baseline. With  
the KOH concentration held at 90 mM, from 44 to  
46 min, the KMSA concentration is raised to 42 mM 
and maintained at 42 mM between 46 and 55 min to 
elute the sialylated glycans. From 55 to 60 min, 100 
mM KMSA/100 mM KOH is used to wash the column 
before the eluent concentration is returned to the 

initial condition for 15 min prior to the next injection. 
The Dionex CarboPac PA200 column is a strong 
anion exchanger; therefore, the presence of high salt 
concentrations and anionic detergents must be avoided. 
Human serum IgG was treated with Rapid PNGase F 
with and without denaturation. No buffers were added 
in the Rapid PNGase F digestions without denaturation. 
The glycan profile without denaturation shown in Figure 
3 matches the separation in previously published work.1 
This method delivers good resolution of uncharged IgG 
oligosaccharides (glycans) comparable with traditional 
HPAE-PAD separations using sodium hydroxide/
sodium acetate eluents. The neutral glycans are well 
resolved, including separation of high-mannose species 
from typical human IgG glycans. The more common 
human IgG N-linked glycan structures are shown in 
Figure 4. N-acetylneuraminic acid (Neu5Ac) elutes 
between G0 and G1F(1,6). Oligosaccharide identification 
was performed by comparison to known standards, 
exoglycosidase digestion of both standards and released 
glycans, and comparison with previous work.1 

7.5 10 20 30 40 50 61
22.5

28.0

nC

20.0

55.0
22.5

28.5
22.0

31.0

Time (minutes)

G0F

G0

G1F (1–6)
G1F
(1–3)

G0bF,
G1 (1–6)

G2F

G1bF
G2bF

A1F

A1F

Neu5Ac

A1F

A1F

G1F (1–6) G1F (1–3)

G2A

B

C

D

nC

nC

nC

Figure 3.  Separation of human serum IgG N-linked 
oligosaccharides using Dual EGC. Chromatographic conditions are 
shown in the Conditions section. Chromatograms: (A) PNGase F digest 
of human serum IgG; (B) N-acetylneuraminic acid (Neu5Ac) standard 
(9.68 µm); (C) A1F standard; (D) G1F standard

Figure 2. Sialic acid determination of three glycoprotein acid 
hydrolysates. Neu5Ac is N-acetylneuraminic acid. Neu5Gc is 
N-glycolylneuraminic acid. ND is no data.
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Reference potential shifting can lead to unusually high 
background response from the working electrode, 
reduced signal response, or a combination of both 
effects. If the reference electrode fails while the 
electrochemical detection cell is on, replace the 
disposable working electrode as well as the reference 
electrode. A large shift in reference potential can damage 
the disposable working electrode.

For the Dual EGC application, we use a 1 mil gasket 
rather than the 2 mil gasket provided with the disposable 
electrode. Reducing the gasket thickness increases the 
linear flow rate at the electrode, further enhancing the 
sensitivity. Replace the gasket if there is a leak between 
the gasket and electrode, or between the gasket and cell 
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Results and discussion
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CarboPac PA200 1 mm column
Using the dual electrolytic eluent generation platform, 
the most abundant uncharged (neutral) N-linked 
oligosaccharides and the major sialic acid-containing 
(charged) oligosaccharides released from human serum 
IgG were separated on a Dionex CarboPac PA200  
1 mm column (Figure 3). A solution of N-linked 
oligosaccharides was prepared, and an aliquot (0.4 µL) of 
the solution was injected onto the column and eluted at  
0.063 mL/min with a shallow KMSA gradient from  
0.3 to 1 mM in a constant 65 mM KOH in the first  
25 min. From 25 to 44 min, a simultaneous linear KMSA 
gradient from 1 to 28 mM and linear KOH gradient from 
65 to 90 mM is introduced to separate the charged 
glycans. The pH change caused by the KOH gradient 
results in a very slight increase of baseline. With  
the KOH concentration held at 90 mM, from 44 to  
46 min, the KMSA concentration is raised to 42 mM 
and maintained at 42 mM between 46 and 55 min to 
elute the sialylated glycans. From 55 to 60 min, 100 
mM KMSA/100 mM KOH is used to wash the column 
before the eluent concentration is returned to the 

initial condition for 15 min prior to the next injection. 
The Dionex CarboPac PA200 column is a strong 
anion exchanger; therefore, the presence of high salt 
concentrations and anionic detergents must be avoided. 
Human serum IgG was treated with Rapid PNGase F 
with and without denaturation. No buffers were added 
in the Rapid PNGase F digestions without denaturation. 
The glycan profile without denaturation shown in Figure 
3 matches the separation in previously published work.1 
This method delivers good resolution of uncharged IgG 
oligosaccharides (glycans) comparable with traditional 
HPAE-PAD separations using sodium hydroxide/
sodium acetate eluents. The neutral glycans are well 
resolved, including separation of high-mannose species 
from typical human IgG glycans. The more common 
human IgG N-linked glycan structures are shown in 
Figure 4. N-acetylneuraminic acid (Neu5Ac) elutes 
between G0 and G1F(1,6). Oligosaccharide identification 
was performed by comparison to known standards, 
exoglycosidase digestion of both standards and released 
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Figure 3.  Separation of human serum IgG N-linked 
oligosaccharides using Dual EGC. Chromatographic conditions are 
shown in the Conditions section. Chromatograms: (A) PNGase F digest 
of human serum IgG; (B) N-acetylneuraminic acid (Neu5Ac) standard 
(9.68 µm); (C) A1F standard; (D) G1F standard

Figure 3. Separation of human serum immunoglobulin G (IgG) N-linked 
oligosaccharides using dual eluent generation cartridge. (A) PNGase 
F digest of human serum IgG (B) N-acetylneuraminic acid (Neu5Ac) 
standard (9.68 µm) (C) A1F standard (D) G1F standard.

Contin. on page 33
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and gives cold chain requirements for 

the messenger RNA (mRNA)-based 

COVID-19 vaccines (4). The toolkit 

provides frontline practitioners with the 

most updated and relevant COVID-19 

vaccine information. The toolkit also 

included a visual inspection guide 

to help identify falsified COVID-19 

vaccines. USP’s second toolkit was 

focused on the available documentary 

standards that support vaccine 

laboratory assessments (5). The second 

toolkit navigates the documentary 

standards that are provided by the 

manufacturing platform rather than 

product-specific guidance.

Similarly, the European Directorate 

for the Quality of Medicines and 

HealthCare (EDQM) made texts from 

the Ph.Eur. for vaccine developers 

available free on their website (6). 

EDQM also released a guidance 

on recombinant viral vectored 

vaccines, which was not available 

before the pandemic (7). Both USP 

and EDQM collaborated with other 

pharmacopoeias (India, Japan, Mexico, 

World Health Organization, etc.) to 

work on monographs of potential 

interest for COVID-19 treatments (8).

USP revised their monographs 

for alcohol (ethanol and dehydrated 

ethanol) and isopropyl alcohol due 

to concerns with possible methanol 

contamination. Methanol was found 

in several hand sanitizers used by the 

public to stop the spread of the virus (9). 

The revision to add identification testing 

of methanol was done in response to 

a US Food and Drug Administration 

(FDA) request (10) due to the toxicity 

risk the public faced should methanol 

be present in the hand sanitizers. 

This affected most, if not all, bio/

pharmaceutical manufacturers that 

supply the US market with excipients, 

drug substances, and drug products. 

Product-specific  
monograph development  
for complex biotherapeutics
Product-specific monographs for 

complex biologics, such as monoclonal 

antibodies (mAbs), are still quite rare 

in pharmacopoeia publications. EDQM 

published monographs in the Ph.Eur. 

T   he increased number and complexity of biotherapeutic products 

available to patients has spurred a commensurate increase in 

publicly available quality standards from the pharmacopoeias. These 

standards, including general chapters, monographs, and physical 

reference standards, can help guide manufacturers to ensure the 

identity, strength, quality, and purity of their products. Additionally, the 

global COVID-19 pandemic has necessitated a swift response from the 

pharmacopoeias to update existing standards and create new standards 

and toolkits for their stakeholders. This article highlights recently 

implemented or ongoing advances from the pharmacopoeias.

The pharmacopoeias—the European Pharmacopoeia (Ph.Eur.) in 

particular—have published monographs for some biological products 

since the 1990s, including human insulin, somatropin, interferon, 

erythropoietin, and vaccines (1). With the bio/pharmaceutical industry’s 

increased focus on developing complex biotherapeutic products 

(BTPs), pharmacopoeias have been exploring a variety of approaches 

for developing public quality standards for these products (2). The 

status of pharmacopoeia standards for BTPs, including product-specific 

monographs, performance-based and product class standards, and 

general chapters, was summarized in an article published in March 

2020 (3). The authors now provide an update on the development of 

these standards over the past two years, serving as a reminder that 

companies need to stay up to date with evolving pharmacopoeia 

requirements. The pharmacopoeias’ response to the COVID-19 pandemic 

is also described.

Resources for COVID-19 from the pharmacopoeias
The COVID-19 global pandemic significantly affected patients, healthcare 

providers, and the pharmaceutical industry. The pharmacopoeia 

bodies responded by preparing new or updating currently available 

information. The United States Pharmacopeia (USP) provided two toolkits 

to stakeholders. The first can be used for assessing vaccine handling 
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for etanercept (11) and infliximab 

concentrated solution (12) in 2018. 

Based on the most current work 

plan (13) for the Ph.Eur., there are five 

more product-specific monographs 

for complex biologics currently being 

elaborated. The monographs for 

golimumab concentrated solution 

and golimumab injection (the first 

product-specific monograph for a 

mAb drug product) were published 

for comment in Pharmeuropa (14). 

Additionally, a monograph for the TNF-

alpha inhibitor adalimumab is being 

elaborated via the P1 procedure with 

multiple manufacturers invited to 

participate in the process (13). Lastly, 

ustekinumab concentrated solution 

and ustekinumab injection are the first 

IL-12/IL-23 inhibitors to be studied by 

EDQM for monograph development via 

the P4 process (13).

There are no product-specific mAb 

monographs currently published in the 

US Pharmacopeia (USP). However, USP 

has indicated that it is open to begin 

elaboration of a product-specific mAb 

monograph, should a company wish to 

donate the necessary information (15). 

USP would notify stakeholders 

through a compendial notice that it 

is undertaking the elaboration of the 

donated monograph. This would allow 

all manufacturers and stakeholders to 

respond to USP with concerns or to 

state any objections.

The Chinese Pharmacopoeia (ChP) 

had begun elaboration of several 

mAb monographs (16), but to date, no 

drafts of the monographs have been 

published for comments. It is expected 

the monographs will become official 

in either ChP 2020 Supplement 1 

(expected 2023) or in ChP 2025.

“For example”  
methods now defined
During the elaboration of the infliximab 

concentrated solution and etanercept 

monographs, EDQM recognized 

that flexibility with methods would 

be integral to the usability of the 

monographs. The production section 

of the product-specific monographs 

contains a key test for glycans or 

N-Glycans for either infliximab or 

etanercept, respectively. EDQM 

introduced the method published in 

the monograph with the following 

language: “The following procedure 

is given as an example” (12). This 

approach was used because a 

manufacturer could employ a variety 

of method techniques to meet a 

requirement as allowed in Ph.Eur. 

general monograph—“Monoclonal 

Antibodies for Human Use (2031).”

The phrase “for example” was 

originally defined in a technical 

guide from EDQM but could be easily 

misinterpreted as a requirement 

rather than a suggestion. EDQM 

has now added a definition of “for 

example methods” to the General 

Notices in the Ph.Eur., explaining the 

intent and compliance expectations 

for a method of this type (17). The 

addition of the definition to the General 

Notices is a significant and welcome 

change for stakeholders. The revised 

General Notices clearly explain that 

monographs containing the statement, 

“The following procedure is given as 

an example,” indicates the method 

has been validated for its intended 

purpose. A manufacturer may choose 

to implement the “for example” 

method as written with appropriate 

verification on its product, or it may use 

a suitably validated procedure that is 

approved by the competent authority. 

If using a different method than the “for 

example” method, the manufacturer 

does not have to show the equivalence 

of its suitably validated method to the 

“for example” method.

First “horizontal standard”  
for biotherapeutic 
monographs
Today, there are several TNF-alpha 

inhibitor products available, and 

manufacturers have used a wide 

variety of methods to assess the 

potency of these mAbs. EDQM has 

completed a multi-lab evaluation 

wherein four approved bioassay 

methods for specific products were 

studied to determine their respective 

suitability for the entire class of TNF-

alpha antagonist products (18). The 

result of these studies has produced 

a new general chapter: “Cell-based 

Assays for Potency Determination of 

TNF-alpha Antagonists (2.7.26)”. The 

general chapter will become official 

in Ph.Eur. volume 11, supplement 1 

(official date: April 2023).

This general chapter is referred to 

as a horizontal standard, meaning 

the content of the chapter is widely 

applicable to multiple product-specific 

monographs. The general chapter 

provides manufacturers with the 

flexibility to choose from the four 

assay types presented in the chapter 

or use a different cell-based assay 

(with the approval of a competent 

authority). Two product-specific 

monographs (etanercept and infliximab 

concentrated solution) have been 

updated to indicate the example 

procedure would be the specific cell-

based assay originally used and that 

the other three cell-based assay test 

procedures in 2.7.26 that were verified 

by the study are also suitable for 

specific products (18).

This is the first of three horizontal 

standards that EDQM intends to 

elaborate and make official. Two  

other horizontal standards are  

currently being elaborated by  

EDQM: “Capillary Isoelectric Focusing 

for Recombinant Therapeutic 

Monoclonal antibodies (2.5.44)” and 

“Size Exclusion Chromatography for 

Recombinant Therapeutic Monoclonal 

Antibodies (2.5.43)” (19).

Cell and gene  
therapy products
EDQM has either updated or is 

currently revising several Ph.Eur. 

general chapters that will be applicable 

for emerging cell and gene therapy 

(CGT) products that are being approved 

and developed (20). The general 

chapter, “Gene Transfer Medicinal 

Products (GTMPs) for Human Use 

(5.14),” is being divided into a general 

monograph, “Gene Therapy Medicinal 

Products for Human Use (3186)” and 

a new general chapter “Additional 

Information on Gene Therapy Medicinal 

Products for Human Use (5.34).” The 

general monograph provides new 

information for genetically modified 
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autologous human cells and oncolytic 

herpes simplex virus for human cells. 

Additionally, information related to the 

definition, general requirements on 

the production of GTMPs, recombinant 

vectors, and genetically modified 

cells previously found in the general 

chapter (5.14) has been revised for 

inclusion in the general monograph. 

The new general chapter provides new 

information for genetically modified 

bacterial cells for human use and 

updated requirements for retroviridae-

derived vectors for human use.

The final change to CGT standards  

is to general chapter “Raw Materials  

of Biological Origin for the Production 

of Cell-based Therapy Medicinal 

Products (5.2.12).” The chapter is 

under revision to indicate it is no 

longer a stand-alone, and vector 

requirements will now reference  

the new general monograph 3186.

The British Pharmacopoeia published 

a best practice guidance for Advanced 

Therapy Medicinal Products (ATMP) 

Flow Cytometry and Vector Copy 

Number (21). The guidance addresses 

the complexity and risk associated with 

each stage of assay development of 

advanced therapy medicinal products. 

The guidance offers a practical and 

phase appropriate validation tool 

to help ensure the success of a 

manufacturer’s CGT programme.

Biologics, oligonucleotides,  
and performance standards
USP has manufactured four mAb 

performance standards and has made 

them available for purchase (22). 

These mAb standards have molecular 

weights between 146K and 150K 

daltons with different isoelectric points 

and can be used as system suitability 

controls in a variety of commonly used 

methods for mAb analysis, such as 

charged variants, molecular weight 

determination, and glycosylation. The 

development of the standards was 

driven by stakeholder engagement 

sessions led by USP. USP indicates that 

these standards can be reliably and 

reproducibly manufactured to ensure 

a long-term supply and can serve as a 

control for a newly developed assay.

Additionally, USP is focusing on 

the development of oligonucleotide-

related standards (performance 

standards) for raw materials (23). 

Phosphoramidites are the target 

for initial standard development 

due to their criticality to the supply 

of this emerging therapeutic class. 

Five performance standards are 

characterized by mass spectrometry 

and 31P and 1H NMR. These 

performance standards can be used 

for controlling and monitoring reactive 

impurities in phosphoramidites. 

Conclusion
As more biotherapeutics products 

come to market, it is important 

for manufacturers to ensure their 

products comply with current 

pharmacopoeial standards, which 

are constantly evolving. The new and 

revised quality standards published by 

the world’s pharmacopoeia serve to 

ensure patients receive drug products 

of the appropriate identity, strength, 

quality, and purity. Manufacturers 

can expect that these new standards 

will continue to be elaborated for the 

foreseeable future, and it is critical 

that they maintain a surveillance 

process to identify and assess the 

changes as they happen.
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higher development costs, increased 

risk caused by higher failure rates 

and growing regulatory pressure. 

Working with expert partners with the 

expertise and infrastructure already in 

place can help defray the expense of 

developing new products, minimising 

risk while providing companies with 

the capacity to focus on new projects. 

While the advantages of 

outsourcing for pharmaceutical 

companies are clear, there are 

challenges facing any pharmaceutical 

company when outsourcing. A 

particular issue lies in transferring 

projects to new partners’ sites, which 

involves technology transfer. 

Understanding tech transfers
Pharmaceutical technology transfer 

refers to the transfer of any process, 

together with its documentation/

knowledge and professional 

expertise. This tech transfer can be 

between either the development 

and manufacture stages within the 

same facility or from an originating 

site to a separate receiving facility. 

Tech transfers are a critical part of 

any product development journey, 

particularly when working with a 

CDMO for all or part of the project. 

Any transfer carries inherent 

business, regulatory, product quality, 

and technical risks. What is being 

transferred is not a physical asset, 

but an ability to create a product—

this ability (or knowledge) is often 

challenging to define and specify. 

Addressing challenges associated 

with tech transfers is vital to the 

success of any development project, 

particularly when outsourcing all or part 

of the programme. Failure to ensure 

a smooth technology transfer could 

cause unnecessary delays, impacting 

the success of the end product. 

The process of tech transfer
Tech transfers between an originator 

site and a receiving site generally 

follow a set itinerary that must 

T   he global biotechnology and pharmaceutical services 

outsourcing market is forecast to grow significantly over the 

coming years. Valued at US$63.1 billion (€64 billion) in 2020, it is 

projected to expand at a compound annual growth rate of 6.8% 

between now and 2030 to reach US$105.4 billion (€106.9 billion) (1).

A number of drivers are behind this rapid growth, including the 

COVID-19 pandemic and the rise of biotech start-ups. At the height 

of the COVID-19 outbreak, pharmaceutical companies were globally 

involved in the campaign to develop effective and scalable COVID-19 

vaccines. Many companies did not have the dedicated human 

resources and capacity in-house to develop and commercialize 

their vaccines in the timeframe required. Partnering with contract 

development and manufacturing organizations (CDMOs) allowed 

them to benefit from specialist infrastructure and development 

expertise. This move enabled companies to deliver viable vaccines 

to the international market at an unprecedented speed. Buoyed by 

this positive experience, many drug developers intend to continue 

outsourcing to CDMOs in the future. 

Meanwhile, over the past three years, there has been a significant 

rise in the amount of venture capital (VC) funding invested in the 

biotechnology sector. VC companies invested in 3100 biotech 

start-ups worldwide in 2021, up from 2200 in 2016 (2). Biotech 

companies raised more than US$34 billion (€35 billion) globally in 

2021, more than doubling the 2020 total of US$16 billion (€16 billion) 

(3). Many biotech companies are discovering exciting and cutting-

edge treatments capable of transforming patients’ lives for the 

better. However, few have the capabilities internally to develop their 

innovations for clinical trials and beyond toward commercialization. 

As such, a growing number of biotechs are seeking CDMO support to 

help them realise the full potential of their advances. 

In addition, pharmaceutical companies are turning to CDMOs for 

support as a means of mitigating the impact of challenges, such as 

Lisete Pinto
is Product Development and 

Technical Support senior 

manager at Recipharm.

A number of  
drivers are behind  
this rapid growth.

Addressing the Key Pitfalls 
Hindering Technology 
Transfer Success
In this article, the potential pitfalls of technology transfers 
are discussed as well as ways to ensure a smooth transition.
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be followed to ensure a smooth 

transition. A number of steps are 

involved, which may run in parallel, 

streamlining timelines. The key tech 

transfer milestones include: 

• Preliminary review and 

assessment by the receiving  

site of all documents related to 

the prior knowledge relevant 

to the development project. 

This will include analytical and 

process development reports, 

method and process criticality 

analyses, preliminary or ongoing 

stability data, compatibility 

studies, and qualification 

documentation, all of which 

are vital to begin the process 

of standardising procedures 

between the two sites. 

• Review gap assessment, 

which is normally done by 

both the receiving-site and 

sending-site technical teams. 

This procedure involves the 

assessment of the actual 

performance, characteristics, 

and requirements of the product 

being transferred against the 

receiving site capabilities, 

equipment, and procedures. This 

phase is vital to understanding 

the scope of work required and 

to determine the resource level 

that is required to prepare the 

product for the next stage in  

the development/transfer 

process. The assessment will  

be used to create the tech 

transfer plan, which will set 

technical, commercial, and 

regulatory requirements and 

associated timelines for key 

milestones in the process. 

• Development of regulatory 

strategy and process validation, 

in which the receiving 

site will draw up plans for 

implementation of all activities 

outlined in the tech transfer 

plan to ensure compliance 

with regulations and to lay the 

groundwork for submissions  

for regulatory approval once  

the development/validation 

process is complete.

• Tech transfer closure centres 

around relevant reports relating 

to the technical activities 

undertaken, which are prepared 

and submitted to the originating 

site and/or relevant regulatory 

activities. At this point, the 

receiving sites should also be 

actively preparing product  

launch activities to be ready  

once regulatory approvals  

are available. Tech transfer 

reports may be issued, and,  

once complete, the tech  

transfer is considered finished. 

Product launch activities may 

happen thereafter.

The time taken to complete these 

steps will vary depending on the scale 

and complexity of the product being 

transferred. The level of product 

knowledge available at the onset of 

a transfer, as well as the technical 

maturity and streamlined processes 

of the receiving site may be integral 

to dictating the total duration of the 

transfer process. For more complex 

product transfers involving equipment 

acquisitions, and creation of product 

technical knowledge via the transfer 

process, the receiving site will be able 

to advise on the length of duration 

of the tech transfer process upon 

receipt of initial documentation and 

client requirements.  

Common tech transfer pitfalls
Both the originating site and the 

receiving site must address a  

number of potential pitfalls when 

undertaking a tech transfer to ensure 

success. Tech transfers are difficult-

to-define tasks relating to inherently 

complex manufacturing processes 

that can have multiple variations 

depending on what discontinuities 

must be addressed.

The key challenges that are 

commonly faced by companies 

undertaking a tech transfer include: 

• Client expectations and initial 

project scope definition: the 

initial assumptions of the 

drug developer or marketing 

authorization holder (MHA) 

based on their initial information 

relating to the product can be 

a significant challenge. The 

MHA may have preconceptions 

about their product which will 

form their original plan for the 

project and for the tech transfer 

process. If these assumptions 

are incorrect, there could be 

serious ramifications for the 

tech transfer, potentially leading 

to costly delays and rework. 

Typical examples include product 

stability issues (typically on 

legacy products) being evidenced 

due to a change to more 

compliant analytical methods; 

change to product brought 

about by compliance-related 

requirements on legacy products, 

such as nitrosamines, and 

elemental impurities guidelines, 

etc.; and regulatory requirements 

being misjudged at the onset of 

the project, among other factors.

• Product knowledge management: 

particularly when undertaking 

tech transfers of legacy products 

or products in the initial 

discovery phase, there may be 

a lack of technical knowledge 

on the product itself to make 

a comprehensive and robust 

tech transfer process. Some 

originating sites may have never 

undertaken a tech transfer 

before, so don’t know what 

information is needed or where to 

source the information required 

by the receiving site. Some 

sending sites may also not employ 

good documentation practices, 

and, thus, relevant technical 

knowledge or know-how may  

Any transfer  
carries inherent  
business, regulatory, 
product quality, and 
technical risks.

Some originating 
sites may have never 
undertaken a tech  
transfer before, so  
don’t know what 
information is needed ...



32    Pharmaceutical Technology Europe NOVEMBER 2022  PharmTech.com

Outsourcing

streamline the tech transfer process 

in future, enabling collaboration and 

transparency even when teams are 

operating remotely.

In addition, outsourcing partners 

are rethinking how they support 

their customers during the tech 

transfer process, constantly reviewing 

procedures to further enhance the help 

they provide and adapt to a changing 

pharmaceutical landscape. 

Many already have within their 

team specialists who have years of 

experience in managing successful 

tech transfers. Increasingly, CDMOs are 

bringing experienced team members 

together in dedicated tech transfer 

departments whose main responsibility 

is to work with customers to initiate the 

process of onboarding new projects at 

the receiving site. In addition to people 

with knowledge of the planning and 

process of a tech transfer, these teams 

are incorporating experts with insight 

into novel and niche drug products, 

such as cell and gene therapies. 

These experts can engage with the 

scientists at the originating site to 

understand and consider the unique 

tech transfer needs of unusual or 

cutting-edge products. They can help 

to minimize the risk of delays caused 

by challenges or requirements that 

otherwise wouldn’t be identified by 

non-specialists.

Expert partnerships are key
The trend for outsourcing development 

looks set to continue for the 

foreseeable future as a means for 

companies to deliver their discoveries 

to market faster and more effectively. 

be lost, and the same challenges 

or issues may be met during the 

tech transfer process that  

could otherwise have been 

avoided if good documentation 

practices had been adopted 

previously. All this may contribute 

to slowing down the transfer of 

knowledge, with implications for 

tech transfer timelines. 

• Standardization at receiving site: 

another challenge typically faced 

by receiving sites of CDMOs 

is a lack of standardization of 

their internal processes and or 

documentation brought about 

by multiple tech transfers with 

varying types of clients with 

multiple requirements. This 

standardization will ultimately 

benefit project progress and 

timelines and will certainly drive 

improvements in productivity and 

operational excellence. Dedicated 

teams: another challenge is the 

creation of dedicated teams at 

both the originating and receiving 

sites to manage and coordinate 

the tech transfer. The originating 

site—particularly if it belongs to 

a small start-up—may not have 

team members with specialist 

experience in handling a transfer, 

so may need additional support in 

collating the required information 

to hand over to the receiving site. 

For complex or novel projects, the 

receiving site may need to reach 

out beyond its core tech transfer 

team to other colleagues with 

specialist knowledge to support 

it in drawing up and actioning an 

appropriate plan. 

• Communication between 

originating and receiving sites: 

transparency between the drug 

developer/MHA and CDMO is 

crucial to the success of any 

tech transfer process. Culture 

is key here—both sites should 

share an understanding to foster 

a positive, constructive, and 

supportive relationship and a 

sense of team spirit. 

Overcoming challenges
Innovations in technology are helping 

to address many of these common 

tech transfer pitfalls. An evolution in 

the processes used by experienced 

CDMOs as outsourcing rapidly 

becomes a mainstream feature of the 

drug development landscape is also 

occurring, which is helping to further 

reduce risk and streamline timelines. 

Traditional ways of storing project 

data, via Microsoft Excel and Word, 

are increasingly being replaced 

by advanced digital knowledge 

management systems. These can 

help to automate the recording of 

information and help ensure that 

all relevant data are stored in one 

place. They can standardize the way 

the information is sorted and filed 

so that it is easy to transfer across 

from an originating site into the 

receiving site’s systems. Such tools 

can substantially streamline the 

tech transfer process, saving time 

and resources. As such, investment 

in these systems is expected to 

increase in the coming years. 

Digital tools are also helping 

to circumvent challenges linked 

to geography. As seen during 

the COVID-19 pandemic, video 

conferencing and team management 

systems can help CDMOs and 

customers stay in touch with each 

other, helping them to coordinate 

and communicate without needing 

to be face-to-face. These can further 

Digital tools are  
also helping to  
circumvent challenges 
linked to geography.

For more on outsourcing, read these articles on PharmTech.com:

• Adopting Smart Development Strategies 

www.PharmTech.com/view/adopting-smart-development-strategies 

• Choosing the Right CDMO for CGT Programs 

www.PharmTech.com/view/choosing-the-right-cdmo-for-cgt-programs

• How Integrated Project Delivery Enables Speed:  
A Phase-By-Phase Guide 

www.PharmTech.com/view/how-integrated-project-delivery-enables-

speed-a-phase-by-phase-guide

More on outsourcing
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Optimizing the tech transfer process is crucial to ensure that 

pharmaceutical companies are able to take advantage  

of the benefits of outsourcing. 

CDMOs are well aware of the importance of getting 

the tech transfer right and are constantly reviewing and 

improving their internal protocols to deliver smoother, 

more efficient transitions for customers. Companies should 

consider CDMOs’ processes and the infrastructure to 

support tech transfers during the partner selection process 

to ensure that they have a supplier capable of helping them 

onboard new development projects efficiently. Doing so, 

companies can be confident that they have the support 

they need to overcome common tech transfer shortfalls, 

so they can bring their discoveries to clinical trial and 

beyond quickly and successfully.
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of the glycans released from human 

serum IgG with neuraminidase resulted 

in the removal of all the major peaks 

in the charged glycan region of the 

chromatogram with a concomitant 

increase in neutral glycans, suggesting 

all the charged glycans are sialylated.

Sequential digestion with 

specific exoglycosidases enables 

further analysis of the N-linked 

oligosaccharides released from a 

glycoprotein. HPAE-PAD analysis 

is highly selective for the linkage 

positions, and component 

monosaccharides are useful in 

resolving mixtures of complex 

structures. Additionally, retention 

times are dependent on the 

presence or absence of peripheral 

monosaccharides.

Outcomes. HPAE-PAD with 

automated eluent generation for the 

separation of N-linked oligosaccharides 

released from glycoproteins is 

comparable to using manual eluent 

generation, and the system’s 

consistent performance supports 

improved reproducibility. Furthermore, 

where eluent concentration and 

gradient conditions require frequent 

optimization for different sample 

types, automated eluent generation 

can significantly reduce method 

development time.

Driving productivity through 
method improvement
Fast, reliable glycoprotein analysis is 

essential to meet immunity screening 

requirements in vaccine, gene, and 

cell therapy production. HPAE-PAD 

is the technique used most widely 

in the biopharmaceutical industry 

to separate and quantify glycans 

present on glycoproteins; however, 

the need for complex manual 

preparation of the high pH eluents 

involved leads to inconsistencies 

and hampers productivity. Incorrect 

eluent preparation is recognized 

as the main source of HPAE-PAD 

problems. Now, automated eluent 

generation is overcoming many of the 

issues and, together with increasingly 

effective chromatography columns, 

is improving the efficiency, reliability, 

and reproducibility of the analyses. 

Removing manual processes in glycan 

analysis workflows not only increases 

confidence in the critical results 

being generated, but it contributes 

to the increased productivity that 

laboratories are under increasing 

pressure to achieve. 
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Q.We are a newly established small company, 

and we would like to understand the 

principles of equipment qualification. Can you 

give us some essential guidance?

A.Equipment must be fit for use, and to prove this 

within the realm of your quality system, you need 

to qualify the equipment. Equipment may consist of 

mechanical parts or it may be a system that is made up of 

mechanical parts and automation (software).

It all starts with your user requirement specification. 

Unless you describe what you want (need) and how you 

want to use the system, it will be impossible to perform 

qualification. Let us take the example of a mixer. At what 

speeds and temperatures and for what length of time 

do you intend to use the mixer? Do you require preset 

programs, alarms, power supply of a specific voltage, 

polished stainless steel surfaces, specific dimensions of the 

mixing paddle, etc.? 

Once you know what you need, you can prepare the 

qualification plans and protocols (these can be one 

document). These documents describe what you want to 

test, who will perform the testing, how the tests have to 

be performed and how results have to be documented. The 

mixer may come with 50 pre-installed mixing programs. It 

is probably unnecessary to test them all, and sometimes it 

is not possible to test 100%. In these cases, you describe 

your rationale for selecting a limited number of test cases. 

Do you need to test at all? In principle yes, because with 

any delivery and installation, something can go wrong, such 

as missing connections, incorrect software version, wrong 

version of the user manual, etc. 

If your test plans contain tests that have no related user 

requirement (perhaps you verify the colour of the mixer), 

you can certainly document these items; but remember, you 

cannot pass or fail the result. It just is what it is.

Crucial to qualification is documentation (i.e., documented 

evidence). An example of insufficient evidence would be if the 

test checks that the mixer can be run for 60 minutes without 

overheating and all you document is: 

Test: ‘Verify that the mixer does not overheat after 60 

minutes of mixing at full load.’

Test result: ‘Test passed’. 

You need to also document the type of load (e.g., sugar syrup 

with a viscosity of xyz), the mixing speed (e.g., 10 rpm setting on 

the mixer), how the time was measured (e.g., stopwatch), and 

how it was proven that the mixer did not overheat (e.g., alarm 12 

‘overheating’ did not show and stop the mixer). That will then be 

documented evidence that satisfies the regulators.

This is of course just a very high level summary of 

qualification basics, but it should give you something to  

start with. PTE

Principles of  
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Documentation is crucial to equipment qualification,  
says Siegfried Schmitt, vice president, Technical at Parexel.

Once you know what  
you need, you can prepare 

the qualification plans  
and protocols.
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