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SAVE THE DATE!

Registration is now open for the following 2018 PDA events:

MARCH
19-21

MARCH
21-22

APRIL
17-18

APRIL
24

PDA

Parenteral Drug Association

To get the latest updates on PDA’s 2018 events, visit pda.org/calendar

2018 PDA Annual Meeting | Orlando, FL
Explore current and future trends in patient centricity, disruptive technologies, process development
and manufacturing, and next-generation facilities. Learn more and register at: pda.org/2018Annual

2018 PDA Manufacturing Intelligence Workshop | Orlando, FL
This Workshop will focus on digital quality management, designing data strategies, and examining the
risks and challenges surrounding the use of modern data. Learn more and register at: pda.org/2018MI

2018 PDA Biopharmaceuticals Conference | Seoul, Korea

Industry and regulatory experts will discuss biopharmaceutical industry trends and their regulatory
and technical impact. The challenges of commercialization of biosimilars in a competitive global
environment will also be addressed. Learn more and register at: pda.org/2018Biopharma

2018 PDA Packaging Science Interest Group Workshop | Bethesda, MD

For the first time in the United States, PDA is hosting a one-day Packaging Science Interest
Group Workshop. This workshop will be a venue for the exchange of knowledge and ideas about
pharmaceutical packaging. Learn more and register at: pda.org/2018PackaginglG

2018 PDA Visual Inspection Interest Group Workshop | Bethesda, MD
This one-day standalone meeting will facilitate in-depth discussion the issues of greatest interest and
concern to the field of visual inspection. Learn more and register at: pda.org/2018VisuallG

2018 PDA Sterile Medicinal Products Manufacturing Conference | Bethesda, MD

This Conference will cover modern approaches to aseptic product manufacturing and will focus on the
following sterile product manufacturing essentials, with special reference to the draft revision of the EU
GMP Annex 1. Learn more and register at: pda.org/2018Sterile

2018 PDA Container Closure Performance and Integrity Conference | Bethesda, MD
Broaden your understanding of holistic requirements related to performance and protection by learning
how to identify potential failure modes throughout the life of a product and de-risking container closure
design during development. Learn more and register at: pda.org/2018CCPI

CONNECTING

PEOPLE

SCIENCE+
REGULATION®
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New Approach Suggests Continuous

Lyophilization is Possible

Pieter-Jan Van Bockstal, Ghent University, Jos Corver, RheaVita, Thomas De Beer, Ghent University

Conventional batch freeze-drying has long been the mainstay for stabilizing biologic
drug products in storage and distribution, but it presents many challenges. An innovative
continuous process for freeze-drying has been developed, however, that may offer a view
of the future of freeze-drying for biologics.

Cover Art lllustrated by Katja Yount

ih. InfoGraphic

A Model for Downstream
Continuous Biomanufacturing

Many biologics manufacturers wonder if continuous manufacturing is achievable
for downstream processing. A model approach indicates it is.

Smoke Signals
One Plant’s Secret for Assuring Aseptic Control

Tony Pavell, Fresenius Kabi

Airflow visualization testing, conducted as part of a routine review program, can help assure
that aseptic filling areas remain under a state of proper control.
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Volunteer Opportunities at PDA

C ?» Leadership

®© Scientific Advisory © Regulatory Affairs
© PDA Executive Board and Quality
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/‘ O O O Over 1,000 volunteers worldwide
| actively carry out PDA’'s Mission
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On the Issue Videos
by the PDA Letter

Interviews with leading industry experts on the
issues important to you

Watch the following experts:

Bristol-Myers Squibb’s Paula Peacos — Contamination Recovery Rates for Environmental Trending
Baxter’s Kevin Cloonan — A Quality System Maturity Model
Amgen’s Arleen Paulino — Next Generation Manufacturing

NNE's Alex Severin — Designing for Flexible Engineering



Voices of PDA

Continuously Continuous Pharma

The United States and Europe have seen a massive flu outbreak. Not surprisingly, this has
led to concerns about the supply of available vaccines, not just flu vaccines. In Febru-

ary, the U.S. FDA Commissioner requested additional funding for Agency initiatives in
support of continuous manufacturing, citing the need for a stable supply of vaccines (1).
This follows the Agency’s 2015 approval of a cystic fibrosis drug manufactured using a
continuous processing line (2). In that instance, the manufacturer—Vertex Pharmaceuti-
cals—worked directly with the FDA’s Emerging Technology Team.

Many large pharma companies are currently investing in continuous manufacturing.
Pfizer, Eli Lilly, GlaxoSmithKline, and Novartis are some of the big names moving into
continuous manufacturing. Novartis has even partnered with the Massachusetts Institute
of Technology on a continuous manufacturing collaboration project (2). While many of
the current continuous manufacturing projects are designed around oral solid doses, as
the technology for continuous manufacturing advances, it is inevitable that continuous
manufacturing of biologics will follow.

In fact, PDA has quite a few volunteer teams involved in support of continuous manu-
facturing. The Manufacturing Science and Operations Program (MSOP*™) has members
involved in this area. The topic has been addressed at a PDA workshop in 2015 as well as
in sessions at many of our major meetings, including the Annual Meeting and PDA/FDA
Joint Regulatory Conference. It also a topic of articles found in the PDA Letter and PDA
Journal of Pharmaceutical Science and Technology.

Continuous manufacturing is also seeping into other areas. A team of researchers at
Ghent University in Belgium are working on a solution for continuous lyophilization (see

p- 26). This could potentially impact biologics, including special, personalized batches.

The future of pharmaceutical and biopharmaceutical manufacturing looks to be primarily
continuous. And PDA’s volunteers and members will be there to lead it.

References
1. “FDA’ Gottlieb on Funding to Promote Innovation Including Advanced Manufacturing Technologies.”
U.S. FDA, February 13, 2018. http://www.pda.myindustrytracker.com/en/article/89828/fda-s-gottlicb-on-

funding-to-promote-innovation

2. Neil, S. “Pharma Catches on to Continuous Manufacturing.” AutomationWorld. (Dec. 6, 2017) https://www.

automationworld.com/article/technologies/dcs/pharma-catches-continuous-manufacturing <&
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News & Notes

Nominate a Candidate for the PDA Board of Directors

PDA’s Nominating Committee seeks member recommendations for nominees of candidates to fulfill Board of Director positions for the
2019-2021 term. Nominees must be current PDA members in good standing. This year’s committee is chaired by Martin VanTrieste,
Immediate Past Chair of the Board of Directors.

If you are interested in being considered or want to recommend someone, send a recommendation (including full name, contact infor-
mation and rationale for nomination) by email to nominate@pda.org or by regular mail to PDA Global Headquarters, Bethesda Towers,
Suite 600, 4350 East West Highway, Bethesda, MD, 20814, USA, Attention: Nominating Committee. Please include any supporting
information, which may make it easier for the Nominating Committee to evaluate your recommendation. Nominations are due May 15.

If you have any questions, feel free to contact PDA President Richard Johnson at johnson@pda.org or Martin VanTrieste at
mvantrieste@gmail.com. <&

PDA The Parenteral Drug Assoaat/on presents:

In Practice

PDA Europe Training Course

MARK YOUR -— - 23-27 April 2018

Martin Christ Gefriertrocknungsanlagen GmbH
Osterode (Harz) | Germany

8 PDALetter » March 2018




News & Notes

INTERPHEX Roundtables Address PUPSIT, Big Data

PDA is once again the Premier Association Sponsor for the INTERPHEX show scheduled for April 17-19 in New York City.

In this role, PDA will be hosting three informational roundtables as part of the INTERPHEX Technical Conference. Here, experts will
share the latest thinking on key topics, including:

*  State of the Industry Practice for Pre- *  Technology and Process for Cell *  Use of Big Data for Predictive Process
Use, Post-Sterilization Integrity Testing and Gene Therapy Manufacturing, Control, Thursday, April 19, 10:30
(PUPSIT), Tuesday, April 17, 10:30 Wednesday, April 18, 2 p.m. — 3 p.m. a.m. —11:30 a.m.

a.m. —11:30 a.m.

To view an agenda for the show and to register, please visit www.interphex.com. <&

pda.org/2018Sterile

2018 PDA Sterile Medicinal Products
Manufacturing Conference

The 2018 PDA Sterile Medicinal ~ With tightening regulatory expectations for sterile product quality and safety-based on
Products Manufacturing patient risk, this conference is a “must-attend” for anyone involved in sterile manufacturing!

Conference will bring sterile  With special reference to the recently released draft revision of the EU GMP Annex 1, this
product experts together with Conference will explore sterile manufacturing essentials, including:

the sterile products community e Risk- and science-based assessment and approaches in sterile product facility design and
to high“ght contemporary manufacturing processes
c ® How to better use existing sterile product technologies
approaches to aseptic ) -
. . 3 ® PDA and industry responses to the proposed revision to Annex 1 and other regulatory
processing using case studies trends and expectations
and personal experiences. ¢ New thinking on sterile product manufacturing validation and process simulation

Register now to join the dialogue between manufacturers, suppliers,

PDA May 14-15, 2018 :;Ligs:j:iirs working t(l)gether to solve issues and improve sterile : .

ramiesin Bethesda, MD g processes: %OENOE%‘_NE

@7 Exhibition: May 14-15 To learn more and register, please visit pda.org/2018Sterile SCIENCE-
#PDASTERILE REGULATION®
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West Chester, Pennsylvania

unswick, Canada

is changi
nd PDA is
toolkit

You used to be on the PDA Board of
Directors. Now you are the Secretary for
the Delaware Valley Chapter. How is your
experience on the Board helping you?
Having served on the Board of Directors,

| better understand the important role of
chapters in engaging with members on a
frequent basis, being more responsive to hot
topics, and involving people who might not
have an opportunity to otherwise participate
due to time or budget.

It also has highlighted for me the importance
of pushing up local/regional topics to the
global level by PDA, such as engaging with
the U.S. FDA and other regulators, and set-
ting standards using PDA's technical reports.

Which PDA event/training course is your
favorite?

Do | have to choose only one? | enjoy so
many of the training courses because they
are taught by professionals who do the job
daily—they are current on the issues and
techniques. But | enjoy the PDA/FDA Joint
Regulatory Conference because the U.S. FDA
is truly an active partner in the program, not
only contributing speakers and expressing
the current thinking at the Agency, but also
sharing where they see the industry going in
the future.

| would also say the Annual Meeting is
another favorite. This conference offers so
much to choose from that | struggle with
which session to attend during breakouts!

How are you giving back to the
community?

With an undergraduate and graduate degree
in pharmacy, | remain committed to the pro-
fession. My work since retiring from Merck
(MSD) has been with ValSource, providing
part-time consulting services to compounding
pharmacies, and | volunteer time at Veterans
Administration (VA) hospitals and clinics in the
pharmacies. The VA dispenses 149 million out-
patient prescriptions a year and is struggling
with the ongoing drug shortages, as are many
pharmacies across the country.

What do you like to do in your spare time?
What spare time?! | remain actively involved
in PDA. But | do take time out to spend with
my grandchildren, with another grandson
duein June.

My wife and | have also recently adopted

a female miniature dachshund who is very
sweet. Several of our daughters want to take
her when they visit.
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People
Chapter Update

Korea Chapter Inaugurates New KPDA Hall

PDA’s Korea Chapter celebrated its 20th The anniversary ceremony opened with who could not attend the event. Other
anniversary on Dec. 12 in Seoul, featur- a commemorative speech from Chapter industry and PDA leaders also delivered
ing a ribbon cutting for the new KPDA President Woo-Hyun Paik, who also remarks, including Hee-Mok Won, Bong
Hall at the College of Pharmacy at Seoul read a congratulatory message on behalf Jin Lee and Kunio Kawamura.

National University. of PDA President Richard Johnson,

The opening ceremony also featured the
installation of a special plaque for the
KPDA Hall delivered from PDA’s head-
quarters in Bethesda, Md.

For 20 years, the Korea Chapter has
offered a variety of seminars and publica-
tions for the Korean parenteral manufac-
turing community. Photos from chapter
events and samples of chapter publications
were on display throughout the celebra-
tion. Additionally, Chapter President Paik
received further recognition for his work
compiling the Dictionary of GMP and
Pharmaceutical Technology by Terminology.

The day before the anniversary celebra-

Members of the chapter as well as leaders within the South Korean pharmaceutical community pose in
the 20th anniversary ceremonial hall

pda.org/2018Biopharma

2018 PDA Biopharmaceuticals
Conference

At the 2018 PDA Biopharmaceuticals Conference, industry and regulatory experts will discuss trends in the biopharmaceutical field,
and the regulatory and technical impact of these trends will be detailed. The challenges of commercialization of biosimilars in a
competitive global environment will also be addressed.

Global industry and regulatory experts will focus on topics, including:

® Regulatory Updates ¢ Single-Use Systems and * Aseptic Processing and Fill ¢ |PC and Final Product Testing
e Trends in Biopharmaceuticals their Role in Manufacturing Finish Operations ® Devices

The Conference will also feature an exhibition showcasing the latest in equipment and services and ample time for in-depth discussion
and networking with colleagues!

To learn more and register, please visit pda.org/2018Biopharma

CONNECTING
PDA April 17-18, 2018 | Seoul, Korea PEOPLE
----------------- Exhibition: April 17-18 SCIENCE+
@7 #PDABIOPHARMA REGULATION®
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Chapter Update

tion, the chapter hosted a seminar on data
integrity, which featured an unprecedent-
ed number of attendees.

The Korea Chapter thanks PDA for their
support over the past 20 years. <&

(I-r) Bong-Jin Lee, Kum-Ki Lee, Woo-Hyun Paik, Kunio Kawamura
and Alain Kupferman

PDA Who's Who
Richard Johnson, PDA President

Kunio Kawamura, Advisor of Otsuka Pharmaceutical
Co. in Japan

Bong Jin Lee, Dean of College of Pharmacy, Seoul

National University

Woo-Hyun Paik, President of Korea Pharm. Tech.
Education Center (KPTEC) and President of KPDA

Hee-Mok Won, Chairman of Korea Pharmaceutical
and Bio-Pharma Manufacturers Association

Leaders from the chapter and the South Korean pharmaceutical community open the new KPDA Hall

2018 PDA Europe Conference, Exhibition

26-27 June 2018 : Register by

29 April 2018
Marriott Hotel and SAVE!

Berlin | Germany

pda.org/EU/Annual2018
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Honoring PDA’s Female Volunteer Leaders

Martin VanTrieste

As the Immediate Past Chair of PDA and a longtime volunteer, I have had the exciting opportunity to work closely with many volunteer
leaders within the Association. These leaders have come from a variety of backgrounds, industry segments and countries. And many of
these leaders have been women.

Take a look at the PDA Board of Directors, here we have a special focus on diversity. The current Board consists of five officers and 12
directors for a total of 17 members, and the majority of those serving are women. Nine of our board members are women and six of
these members represent areas outside the United States.

For the next two years, Rebecca Devine from the United States will be the PDA Chair and Jette Christensen from Denmark will be the
Chair-FElect.

Women also hold leadership roles in various volunteer capacities for the organization, including task force members, officer positions for
PDA local chapters, and interest group leaders, among others. Women play a key role as members of program planning committees and
they serve as moderators and speakers at PDA conferences. The West Coast Chapter also hosts a very popular “Women in Biotech” event.

The women of PDA continue to play a vital role in delivering results to serve patients and fulfill the PDA mission. I want to personally
invite anyone interested in volunteering to support women in pharma to contact PDA’s Volunteer Coordinator at volunteer@pda.org.

In recognition of Women'’s History Month, here are some female leaders from PDA’s past.

In 1998, Joyce Aydlett was PDA's first female Chair Jennie Allewell (right) and Nikki Mehringer (left) Nina L. DeMuth of DeMuth Development
were two female leaders who also served on the Corporation was the first woman to deliver a
PDA Board; Mehringer served as Chair 2004-2005 paper at a PDA conference and to serve as a

program chair for an annual meeting

The PDA West Coast Chapter will
host its third “Women in Biotech”
panel Aug. 23. Check the chapter
website https://www.pda.org/
chapters/north-america/west-
coast for updates.
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PDA Photostream @ www.flickr.com/parenteral-drug

2018 PDA Glass Quality Conference
January 23-24 |Washington, D.C.

Opening Plenary
Regulatory Perspectives and Updates

ke f- n/ ==

4

Pé6:
Evaluating Key Issues
with Glass Containers

-
-

) ’ ‘B .‘f"-ﬁh_
= N !

(I-r) Roger Asselta, Genesis Packaging Technologies; David
Jaworski, U.S. FDA; Carol Rea Flynn, Corning; Daniele Zuccato,
Nuova Ompi

B
| P7:
PDA Updates

(I-r) Jim Varner, Alfred University; James McFarland, Gerresheimer; Daniel Haines, PhD,
SCHOTT

oy

(I-r) Richard Johnson, PDA; Carol Rea Flynn, Corning; James
McFarland, Gerresheimer
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PDA Staff Try a Hand at Aseptic Processing

Marilyn Foster, PDA

“What is the difference between aseptic and sterile?”

David Talmage, PDA Senior Director of Education, posed
that question to some PDA staff in a special, half-day
“Fundamentals of Aseptic Processing” class Jan. 9 as part

of PDA’s staff development program. (The answer? Aseptic
means free from contamination caused by harmful bacte-
rial, viruses or other microorganisms, while sterile means free
from living microorganisms.)

In this training (held in the PDA Training and Research
Institute located at the Bethesda, Md. headquarters),
Talmage provided an overview of the equipment, facilities
and typical filling operations involved in aseptic processing,
stressing the importance of airflow and proper cleanroom
behavior in maintaining the ISO 5 environment. Learning
the basic procedures of traditional cleanroom practices, he
said, ensures that technicians will consistently use the correct
techniques, even when working in a restricted access barrier
system (RABS) or isolator environment.

Kimberly McIntire, PDA Manager of Education, presented
a short course in microbiology following Talmage’s portion.
She displayed the types of microorganisms that pose the
most common threat to aseptic manufacturing (bacteria

and mold), where they are found (everywhere) and how to
identify them (morphology, Gram staining and biochemical
tests).

“Recognizing what they are is the first step in knowing how
to control, eliminate or reduce them,” she said. It also makes

it possible to monitor the environment, ensuring that the PDA staff keep their arms above waistline level as part of proper aseptic technique
controls put in place are working as designed.

Hands-on training followed the classroom session, giving PDA staff an even greater appreciation of what is involved in aseptic process-
ing. The cleanroom gowning alone proved a protracted lesson in riotous frustration. Had it been a game show, the buzzer would have
sounded incessantly. This exercise in gowning, however, instilled a better understanding of how easily contaminants could be introduced
into operations if proper aseptic technique is not followed. While half of the team entered the TRI fill room, the other half observed
their actions and logged any violation of proper cleanroom behaviors and intervention in the processes.

During this activity, Talmage demonstrated how the equipment moved bottles down the line to be filled, stoppered, capped and col-
lected, as well as the careful use of tools so as not to interrupt airflow. Attempts by staff to perform those tasks resulted in a number of
aseptic violations, helping them recognize the intricacies of aseptic manufacture.

PDA provides opportunities like this class to broaden the staff’s understanding of the world of aseptic processing, enabling them to better

assist PDA members in meeting the challenges of the industry. The staff involved truly appreciated this opportunity to get a sense of the
nature of aseptic processing. <&
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New Survey Follows Up on 2013 Glass Survey Data

Rebecca Stauffer, PDA

At the 2018 PDA Glass Quality Conference, PDA President Richard Johnson offered a glimpse into PDASs latest glass survey, currently
scheduled for release sometime in Q1.

Previously, PDA published surveys in 2011, 2012 and 2013 on the topic of glass. For these surveys, manufacturers spanning most seg-
ments of the pharma industry were queried about their experiences with glass products, including handling, breakage and relationships
with suppliers. The latest survey uses the same questions from the 2013 survey, offering a look at any changes in the five years since the
last survey.

“PDA has conducted this survey a number of times and we did it again in preparation for this meeting,” Johnson said. “What we are try-
ing to do is show you a comparison with the responses to the same questions back in 2013.”

The 2018 survey will be available for purchase in the PDA Bookstore (www.pda.org/bookstore). The bookstore also offers a comparison
of the 2012 and 2013 surveys in addition to proceedings of the 2013 PDA/FDA Glass Packaging Conference.

Johnson also pointed to other PDA resources that cover glass packaging. These include a number of conferences such as the Parenteral
Packaging meeting and the Universe of Pre-filled Syringes and Injection Devices; interest groups (Packaging Science, Prefilled Syringes and
Visual Inspection); PDA Education courses and active task forces involved with glass handling and control of visual particulates. Infor-
mation about many of these activities can be found on the PDA website (www.pda.org). <&

Journal

Latest Issue of PDA Journal Looks at Particle Formation, Packaging and Vaccine Research Topics

Subvisible particle formation, rubber stopper seal performance, and antigen adsorption are some of the latest research topics in the March/
April issue of the PDA Journal of Pharmaceutical Science and Technology. Check out the latest pharmaceutical research at journal.pda.org.

Anil K. Rattan, “Data Integrity: History, Issues, and Remediation of Issues”

Yuh-Fun Maa, et al.,“Mechanistic Investigation on Grinding- Patrick L. Ahl, et al., “Quantitative Analysis of Vaccine Antigen
Induced Subvisible Particle Formation during Mixing and Filling of Adsorption to Aluminum Adjuvant Using an Automated High-
Monoclonal Antibody Formulations” Throughput Method”

Qingyu Zeng, Xia Zhao, “Time-Dependent Testing Evaluation and Ganapathy Gopalrathnam, et al., “Impact of Stainless Steel Exposure
Modeling for Rubber Stopper Seal Performance” on the Oxidation of Polysorbate 80 in Histidine Placebo and Active

Monoclonal Antibody Formulation”

Laurent Siret, et al., “Development of a Premium Quality Plasma-derived IVlg (IQYMUNE®) Utilizing the Principles of Quality by Design—A
Worked through Case Study”

Daniel Coleman, et al., “A Risk Index and Data Display for Process Performance in the Pharmaceutical Industry”

Tony Cundell, David Jones, “Method Verification Requirements for an Advanced Imaging System for Microbial Plate Count Enumeration”

Derek Willison-Parry, et al., “Microbiological Control for Affinity Capture Chromatography Processing: An Industry Perspective” <&
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Education

Simulcast Conference

MARK YOUR
CALENDAR

Berlin | Germany

Bethesda | USA

H_0 Requirements for
Superheated Sterilization

The following blinded, unedited remarks are taken from PDA Connect*™,
an online forum that allows PDA members to share some of the most
challenging issues confronting the pharmaceutical industry. The
discussions on PDA Connect*™ do not represent the official views of
PDA, PDA’s Board of Directors or PDA members.

The following is taken from the Sterile Processing Interest Group forum.
Go to community.pda.org to continue the conversation!

Questioner

Looking for guidance documents on this topic [chemical and microbiologi-
cal requirements for water used for superheated water sterilization]. Same
question for condensate of steam used for liquid load sterilization of sealed
containers.

| could not find guidance on this topic, that’s why | brought this up.

If there are no guidance documents on this topic, | would be interested to
know what is practiced: if/how water or steam condensate used for super-
heated water and steam used to sterilize sealed liquid loads are monitored
(chemical and microbiological).

Respondent 1
WHO has a guidance about water for pharmaceutical use:

htep://www.who.int/medicines/areas/quality_safety/quality_assur-
ance/ GMPWatePharmaceuticalUse TRS970Annex2.pdf

Section 4 may help you.

Questioner
Thank you, I was looking for that kind of information.

Respondent 2
There are requirements for clean steam

Questioner
I know the requirements for clean steam but could not easily find
requirements for water and steam subject to this discussion.

Respondent 3

In the PDA TR #1 “moist heat sterilisation in autoclaves”, there
were specific requirements for terminal sterilistion in which the
process cooling water, in direct product contact, even with con-
tainer closures, was to be WFI or PW. (section on utilities) The
later had to comply with WFI in terms of microbial and endotoxin
levels. <&
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Seeing the Hidden

How Contamination Recovery Rates Offered a Better Look at the True State of Microbial Control

Rebecca Stauffer, PDA

Using contamination recovery rates to
evaluate an environmental monitor-

ing trending program changed the way
Paula Peacos, Associate Director, Global
Microbiological Compliance, Bristol-
Mpyers Squibb, viewed the movement of
microbial contamination within a facility,
according to her presentation, “Using
Contamination Rates for Environmental
Monitoring Trending,” Oct. 16, at the
12th Annual PDA Global Conference on
Pharmaceutical Microbiology.

Her experience in using contamination
recovery rates in this manner resulted
from an actual environmental monitoring
program she implemented about eight
years ago for a previous employer. Peacos
believes it still offers valuable insights into
how facilities can look more holistically at
environmental monitoring. She presented
a fabricated model to demonstrate how
such a program operates and its benefits.

Limits to Traditional EM

There were many reasons for adding con-
tamination recovery rates to the existing
trending program. The facility was a low
bioburden facility which used an almost
entirely manual process to manufac-

ture a biologic product with a 72-hour
turnaround. Therefore, the process was
highly dependent on exceptional process
control (i.e., the facility had to be clean at
all times and operators had to maintain
constant vigilance). The existing environ-
mental monitoring trending program was
largely based on the excursion rates.

Although this program was robust, it did
have limitations. Since any actions taken
were generally based on excursions (in-
cluding actions involving adverse trends),
the program was reactive as opposed to
proactive. An excursion would usually
not be detected until two to three days
after sample collection. More importantly,
however, trending by excursion rate
focused only on individual plate counts. It
did not account for any of the microbial
recoveries obtained on the other samples
collected at the same sampling interval.

Peacos envisioned a program that would
detect and mitigate issues before limits

were exceeded, proactively identify adverse
trends and offer more effective data analysis.
She looked to USP <1116> Microbio-
logical Control and Monitoring of Aseptic
Processing Environments, which recom-

mends using contamination recovery rates
in place of traditional alert and action levels
in aseptic areas (I). In aseptic areas, there
are inherently low bioburden levels present
and the available environmental monitoring
methods are limited in terms of their ability
to recover microorganisms. She applied

this rationale to other areas of the facility,
including ISO 5, ISO 7, ISO 8 and Con-
trolled Not Classified (CNC) areas.

To determine the contamination recovery
rates, Peacos used the following equation:

Contamination rate = (total number of
samples greater than 0 cfu/total number of
samples collected) * 100

This equation takes into account the total
number of recoveries across all samples
collected for a given area and better
reflects the actual state of the environment
with the end result that “you know how
much microbial contamination you have
and where it is,” she explained.

The study compared excursion rates versus
contamination rates within four different
types of locations (ISO 5, ISO 7, ISO 8

rooms and CNCs). For each location,

80.00%
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Figure 1 Contamination Rates: Seasonal Variation in ISO 8 Rooms
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excursion and contamination rates were
compared for active air viables and surface
viables.

CRR Show Surprising Trends

The impact of adding the contamination
recovery rates to the existing trending
program surprised Peacos. For example,
she had expected the floor to be the prime
location for contaminants, but the con-
tamination recovery rates showed that the
prime location was actually the air.

“I used to worry about operators picking
organisms up from the floor and tracking
them in,” she said. “I still worried about
that, but I paid more attention now to
things like rapid movements in the clean
areas, operators holding doors open too
long and changes in differential pressure,
because the contamination rates in the air
were actually higher.”

By reviewing all of the samples holistically
using the contamination recovery rate, she
could better see drift in the overall state
of control. Areas of greater risk became
visible, as did effects of unplanned events.
She was also able to more effectively track
the performance of individual operators.

Peacos found that the contamination
recovery rate was a better indicator of an
operator’s aseptic technique than of the
excursion rate. The data showed that while
some operators had excursion rates of 0%,
these same operators had contamination
recovery rates much higher than other
operators. This meant that these particular
operators were more likely to introduce
microbial contamination into the process
because it was present more often on their
gowning materials. Yet none of this data
was apparent when looking at the number
of exceeded alert and action limits alone.

Interestingly, seasonal variations became
visible. An example is presented in Figure
1. Peacos pointed out that the facility was
located in northeastern United States.
January through March are generally the
coldest and driest months of the year,
which corresponds to the lowest contami-
nation rates shown in Figure 1. Tempera-
tures generally remain cool through early
June. Beginning in late June, however,
temperatures rise significantly.

22 PDALetter » March 2018

“Our hottest months are usually July to before we exceeded those limits, and thus

September,” she said. “The operators are increased our level of control.”
sweating and there is a lot more shedding.
Then in October through December, it
starts to cool off, and you see this [the

contamination rates] drop again.”

There were a number of payoffs result-
ing from adding contamination rates to
environmental monitoring. Because of
the ability to proactively mitigate, fewer
Figure 1 shows counts for the viable air excursions occurred, so there were fewer
and floor surface samples. Consistent investigations to conduct.
across five ISO 8 rooms was a significant
jump in the contamination rates for viable

air in Q3, the hottest months of the year.

“This resulted in substantial savings in time,
labor and material costs,” Peacos said.

“The seasonal variation was there, but When investigations were needed, she
found that they were of better quality
since the contamination recovery rates
provided additional information that
ensured better root cause analysis. Sub-

could not see it before when I was trending
by excursion only,” Peacos said. “Contami-
nation recovery rates provided a higher
level of granularity. They showed us things
occurring in the background that we could
not see by trending by excursion only.”

sequently, impact assessments were also
of higher quality, and CAPAs were more
efficient and effective. Trending reports
became more useful due to the increased
granularity of the data.

The study also showed that excursion rates
and contamination recovery rates were not
directly proportional. This was crucial as
contamination recovery rates fluctuated
while excursion rates generally did not.

“Adding the contamination recovery rates
to the traditional facility trending program
substantially increased its power,” Peacos
“This is important,” she explained, “be-
cause when you consider that the opera-
tors pass through the less clean areas into
the cleaner areas, they are going to pick
up contaminants and take them along
with them. If the overall contamination
recovery rates is higher...there is a greater

said. “The proactive mitigation—and I
cannot say it often enough—1led to better
microbial control and lower risk. We had
greater and earlier visibility of changes to
the existing state of control.

“This can be applied to any type of envi-
likelihood that manual transmission of ronment, sterile or nonsterile or anything
contamination into a cleaner area will oc-

cur simply because more is present.

in between, as it is just a simple calcula-
tion that is incredibly easy to implement,”
she concluded.

“Contamination recovery rates began to
supersede the excursion rates in terms of
what we used to make general decisions
regarding routine controls, such as when

= <, [Editor’s Note: Watch Peacos
explain the use of contamina-
tion recovery rates in an “On the
Issue” video on the PDA Lezter

2\
oF
o

we sanitized, or whether we had to do any ~ *#@%

extra monitoring,” she said, further adding website.]
that she did not wholly abandon excur-
sion rates as this data also provided critical Reference

information. 1. Denoya, C., and Dalmaso, G., “USP <1116>
and its Implications for Measuring Microbial
“They [excursion rates] provided a frame Recovery Rates.” PDA Letter 51 (2015): 26-29.
of reference for the acceptable range we
wanted to operate in. They also signaled
when a process was operating outside

of the normal parameters.” Peacos said.

About the Expert

Paula Peacos, Associate
Director of Microbiology,

Global Pharmaceutical Quality,
Bristol-Myers Squibb, has been
supporting the industry for over
25 years as a microbiologist. <&

“So, the alert and action levels were not
changed when the contamination recovery
rates were added. Instead, we used the
contamination recovery rates to mitigate
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Vaccine Makers Face Tech Challenges

Cristiana Campa, GSK Vaccines, and Nancy Cauwenberghs, MSD

Due to the wide variety of possible vac- shops have proven to be a key resource in Vaccines
cine categories, complexity of products this journey. & Malaga, Spain
and processes, and aggressive timelines April 24-25

for vaccine development and lifecycle

www.pda.org/eu/vaccines2018

management, there needs to be greater

investment in technical capabilities by

manufacturers.

In this context, it is critical that manu-
facturers, regulators and suppliers work
together to understand common challeng-
es and opportunities. Companies must
understand new CMC trends, including
greater use of platform technologies, em-
phasis on prior knowledge, development
of novel therapeutic and cancer vaccines
and accelerated development.

The 2018 PDA Europe Vaccines confer-
ence will address these and other new
trends in vaccine development and
lifecycle management. Dedicated sessions
will explore novel developments, product
understanding and analytics, manufactur-

ing and technical innovation.

In addition, the conference will provide an Research & Develo pment
overview of the apphcablhty of quality—by— TeC h n |Ca | S p e C | a | |StS
design in various aspects, from product, . .

analytics and process standpoints, and Qual |ty Built In
considerations during lifecycle manage- Global Presence

ment. Newer trends in the regulatory field

will also be discussed, such as the impact of Com P lete Ran ge
post-approval changes on vaccines supply. Indu stry = xperts
Prevention and control of infectious dis- Validation

eases requires continued efforts aimed at :
effective development, manufacturing and Inn O\_/atl on
supply of vaccines. The realization of this Ex perience d

important objective requires passion, re-

Collaborative

silience and broad technical competence.

PDA’s vaccines conferences and work-

It's not just about the products. It's more

- than just a clean surface. Contec prides
Visit us at itself on its longstanding technical
Interphex New York expertise, innovation and commitment to
H _ quality. Continued improvements in lean
Ap"' 17-19 manufacturing, safety initiatives, vertical
Booth 1234 global integration as well as Research
and Development, drive our critical

environments product range forward.

For more information, email
www.contecinc.com wipers@contecinc.com or call 864-503-8333.
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2018 PDA Upcoming Events

SAVE THE DATE for PDA’s 2018 Events

19-21
2018 PDA Annual Meeting
Orlando, FL
pda.org/2018Annual

21-22

2018 PDA Manufacturing
Intelligence

Orlando, FL
pda.org/2018MI

22-23

2018 PDA Annual Meeting
Course Series

Orlando, FL
pda.org/2018AnnualCourses

27-29

H Airflow Visualization
Techniques and Practices -
Option 1

Bethesda, MD
pda.org/2018MarAir

27-29

H Validation of
Biotechnology-Related
Cleaning Processes —
Option 1

Bethesda, MD
pda.org/2018MarValBiotech

£ Denotes laboratory courses taught in Europe. |

Temperature Sensitive
Packaging and Distribution
for Biopharmaceuticals
Franklin, MA
pda.org/2018TempSentsitive

10

% Particle Identification
in Parenterals

Berlin, Germany
pda.org/EU/TCParticlelD2018

11-12

% An Introduction

to Visual Inspection
Berlin, Germany
pda.org/EU/tc-visual2018

11-12

Q Mastering Automated
Visual Inspection

Berlin, Germany
pda.org/EU/AutoVI2018

13

Interest Group Meeting:
Visual Inspection

Berlin, Germany
pda.org/EU/IGVisual2018

17-18
2018 PDA
Biopharmaceuticals:
From Drug Substance
Manufacturing to
Final Product

Seoul, South Korea
pda.org/2018Biopharma

17-18

Quality Culture
Transformation Resources
Mainz, Germany
pda.org/EU/AprTransform2018

19-20

SOLD OUT

PDA Quality Culture
Transformation -
Regulators Only

London, UK
pda.org/2018AprTransform

23-27

2 Freeze Drying

in Practice

Osterode am Harz, Germany
pda.org/EU/fdp2018

23-27

= PDA Visual Inspection
Course Series - Option 1
Bethesda, MD
pda.org/2018AprVI

24

2018 PDA Packaging
Science Interest Group
Workshop

Bethesda, MD
pda.org/2018Packaging IG

24-25

Vaccines Conference
Malaga, Spain
pda.org/EUVaccines2018

25
2018 PDA Visual Inspection
Interest Group Workshop
Bethesda, MD
pda.org/2018VisuallG

MAY

1-4

Regulatory and Compliance
Course Series

Bethesda, MD
pda.org/2018RCCS

7

Interest Group Meeting:
Advanced Virus Detection
Technologies

Florence, Italy
pda.org/EU/ADVT2018

7-11

1 PDA Aseptic Processing -
Option 3

Week 2: Jun. 4-8

Bethesda, MD
pda.org/2018aseptic3

8-9

Virus Forum
Florence, Italy
pda.org/EU/Virus2018

14-15

2018 PDA Sterile Medicinal
Products Manufacturing
Conference

Bethesda, MD
pda.org/2018Sterile

15-17

¥ Validation of Moist Heat
Sterilization Processes -
Option 1

Bethesda, MD
pda.org/2018MayVMH

This course is taught in PDA’s U.S. manufacturing training facility.




21-24

Fundamentals of Aseptic
Processing - Option 2
Bethesda, MD
pda.org/2018MayFundAP

21-25

PDA Lyophilization
Course Series
Bethesda, MD
pda.org/2018Lyo

29-30

Pharmacopoeia Conference
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Conventional batch freeze-drying has long
N ew A p p ro q C h been the mainstay for stabilizing biologic
drug products in storage and distribu-

s § g g eS'I'S C on 'I'i NUoOuUs tion, but it presents many challenges. An

innovative continuous process for freeze-
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Lyophilization is e

P n I I drying for biologics.

oss I e The market for biologic drug products,
Pieter-Jan Van Bockstal, Ghent University, Jos Corver, RheaVita, like therapeutic proteins and vaccines,
Thomas De Beer’ Ghent University continues to grow. The stability Of thCSC

products, however, is often limited when
formulated as an aqueous solution. Water-
mediated degradation pathways can lead
to decreased potency or even to toxicity of
the drug molecule. Freeze-drying (lyophi-
lization) is a commonly applied low-tem-
perature drying process used to improve
the stability of these products during
storage and distribution (7). Approxi-
mately 50% of the biologic drug products
approved by regulators are freeze-dried
formulations (2,3). Ye, freeze-drying has a
long processing time and carries high costs.

Step-by-Step, Batch-by-Batch
Conventional pharmaceutical freeze-
drying of unit doses is a batchwise process

during which all vials of the same batch are
processed through a sequence of consecu-
tive process steps: 1) freezing, 2) primary
drying and 3) secondary drying (3). Vials
containing the aqueous drug formulation
(i.e., unit doses) are loaded onto tempera-
ture-controlled shelves in the drying cham-

Figure 1 ATypical Industrial-scale Pharmaceutical
Batch Freeze-dryer
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Conventional pharmaceutical
freeze-drying of unit doses is a
batchwise process

ber (Figure 1). During the initial freezing
stage, most of the water crystallizes to ice
while the solutes also crystallize or form a
rigid amorphous glass.

For the subsequent primary drying step,
ice crystals are removed via sublimation
under vacuum, leaving a porous matrix.
Energy is supplied to the frozen product
to enhance ice sublimation (endothermic
process). Finally, during secondary drying,
most of the remaining unfrozen water (i.e.,
water dissolved in the amorphous phase) is
removed by diffusion and desorption until
the desired residual moisture content of
the dried end product is achieved.

At the end of the lyophilization process,
the aqueous drug formulation is trans-
formed into a solid and rigid dried cake
with an increased shelf life. The most im-
portant critical quality attributes (CQAs)
of the freeze-dried end product are the (i)
AP state (e.g., protein conformation); (ii)
residual moisture content; (iii) freeze-dried
product cake appearance and (iv) recon-
stitution time. After freeze-drying, these
CQAs are evaluated for vials selected at
random positions of the batch via offline
analytical techniques.

For more than 80 years, pharmaceutical
freeze-drying has been conducted using this
unchanged batchwise approach. This tradi-
tional batch approach, however, is inher-
ently associated with several disadvantages:

* Batch freeze-drying is ineflicient and
consumes a lot of time and energy with
cycle times that can vary from one to as
many as seven days

Article at a Glance

— As more biologics enter the market,
freeze-drying is ever more critical

Traditional freeze-drying methods
have many drawbacks

Two prototypes suggest possibilities
for continuous freeze-drying

* The huge size of industrial batches
leads to scale-up issues; initial de-
velopment of freeze-drying cycles is
performed in lab-scale equipment, and
subsequent steps in the development
process, beginning with lab-scale to
pilot-scale and, finally, to industrial-

scale freeze-dryers

* The freezing stage is uncontrolled, leav-
ing a significant impact on consecutive
drying steps; this can cause vial-to-vial
variability in the sublimation rate within

a batch and between batches (4).

determined by testing a limited fraction of
vials before releasing the complete batch.

A Fresh Look at Freeze-Drying

To overcome the disadvantages associated
with conventional batch freeze-drying,
an innovative continuous and controlled
freeze-drying concept for unit doses has
been developed (6,7). In this approach,
all unit operations are integrated in a
single production line with continuous
feeding of raw materials and the concomi-
tant removal of finished products. This
manufacturing approach offers several
advantages—avoidance of scale-up issues,
reduction in cycle times, lowered produc-
tion costs, smaller manufacturing instal-
lations and improved product quality
(process uniformity).

At the start of the continuous freeze-dry-
ing process, sterile glass vials are aseptically
filled with the aqueous drug formulation
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Figure 2 lllustration of the Spin-Freezing Step

* The heat transfer in the freeze-drying
chamber is uneven, resulting in a differ-
ence in energy transfer to vials located
at different positions on the freeze-dryer
shelves (for instance, vials situated at
the edge of the shelves are exposed to
additional radiant heat coming from
the warmer surroundings compared to
the vials situated in the middle of the
shelves, leading to a higher product
temperature for these edge vials that is
associated with faster drying rates and a

higher risk for collapse) (5)

Both the uncontrolled freezing and the
uneven heat transfer culminate in different
process conditions for each individual vial
in the batch, leading to uncontrolled vial-
to-vial and batch-to-batch end product
variability. Yet product quality is only

before they are transferred to the freez-
ing unit. In the freezing unit, the vials

are gripped at their cylindrical walls and
rapidly rotated along their longitudinal
axis to form a thin layer of product which
is spread over the entire inner vial wall
(i.e., spin-freezing, see Figure 2). When a
homogeneous product layer is obtained,
the flow of a cold, inert and sterile gas
leads to the cooling and freezing of the
solution. Both the temperature and the
flow of the gas can be adapted to obtain a
specific cooling regime, varying from very
fast to slow cooling.

At the end of the spin-freezing step, the
product solidifies over the entire inner vial
wall resulting in a thin product layer of
a uniform thickness (a large surface area
and thin product layer). Annealing can be
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In the GMP-like engineering
prototype, all process modules
are integrated
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Figure 3

lllustration of IR-assisted Continuous Primary Drying of Spin-Frozen Vials Rotating Along

their Longitudinal Axes in Front of Individual IR Heaters (7)

homogeneous drying behavior (Figure 3).
This vial transport takes place in discrete
steps. Each vial is rotating very slowly in
front of a single radiator, hence, allow-
ing for individual temperature-regulation
which enables an optimal drying trajec-
tory for each spin-frozen vial.

In a conventional freeze-dryer, sublimated
ice and desorbed water is collected using
cryogenic ice condensers. In the new
continuous approach, an appropriate
condenser system is used to continu-
ously remove the condensed water. The
vial throughput can be increased simply
by adding parallel lines in the continu-
ous freeze-drying technology modules, as
schematically shown in Figure 4.

Many Benefits to Being Continuous
The continuous freeze-drying technology
offers the possibility of implementing
process analyzers that allow real-time
measurement and control of critical
process parameters at the level of the indi-
vidual vial. Several process analytical tools
(PAT), such as near-infrared (NIR) spec-
troscopy and thermal imaging were evalu-
ated and considered promising. Both
techniques also proved highly comple-
mentary. NIR spectroscopy can provide

Spin ’ rimary Secondary ___ Stoppering ) ok .
freezing ']:ﬂ drying t:": drying 'I':':f & capping detailed in-line information about several
I quality attributes like residual moisture
2000 vials/ day content, protein conformation or the
N e e e solid state of different components.
I D - -
‘ 4000 vials | day - In turn, infrared (IR) thermography
.. I D o Bt allows ContaC?e}SlSr feal(';ime and spatial
foa R nsacoiiery monitoring of the product temperature
Line I - - Packaging gotthep p .
at the sublimation interface, an essential
I - .
208 parameter regarding the cake appearance
A T N of the end product.
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10,000 vials / day
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Figure 4 Parallel Lines in the Continuous Freeze-drying Technology Avoiding Scale-up

Reoptimization and Validation

performed by transferring the vials to a
chamber with a controlled temperature.

An appropriate load-lock system is used
to rapidly transfer the spin-frozen vials
between the continuous freezing and the
continuous drying units without dis-
turbing the specific conditions of pres-
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sure and temperature in each chamber,
thereby, guaranteeing the continuity of
the process. In the drying chamber, an
endless belt system allows the transport of
the spin-frozen vials in front of individu-
ally controlled radiators which provide a
uniform and adequate heat transfer to the
entire vial surface to achieve efficient and

This integrated approach strongly reduces
the variability of CQAs and consistently
guarantees the predefined quality of the
end product. Hence, the continuous tech-
nology meets recent quality-by-design and
PAT guidelines issued by global regula-
tors, as opposed to the conventional batch
freeze-drying process.

Currently, two different types of continu-
ous freeze-drying prototypes have been
built: a single-vial prototype and a GMP-
like engineering prototype. The single-vial
prototype allows the imitation of the
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continuous freeze-drying process for one
single vial, as identical process conditions
can be obtained similar to industrial-scale
continuous freeze-dryers (Figure 5).

In case only a very limited amount of
drug product material is available, such
as at an early stage during development,
this prototype allows initial development
and optimization of the process and
(drug) formulation. In addition, the abil-
ity to process small amounts of product
makes the single-vial prototype suitable
for producing personalized medicines.
From a commercial point of view, the
single-vial prototype is the perfect tool for

Figure 5 Single-Vial Prototype For Simulation of Continuous Freeze-drying Process of Unit Doses

1 ]

Spin freazing
module N

ﬁr system \

Drying module

\

Load-lock

Vial inlet and outlet

Figure 6 GMP-like Engineering Prototype for Continuous Freeze-drying of Unit Doses

R&D laboratories within pharmaceutical
companies to gain experience regarding
the continuous freeze-drying process.

In the GMP-like engineering prototype,
all process modules are integrated, and
freeze-drying is executed in continuous
fashion (Figure 6). This prototype is
engineered around the implementation of
needs to create and keep a sterile environ-
ment by choosing the proper materials and
design principles.

Both prototypes allow the implementa-
tion of relevant PATs, including, NIR
spectroscopy and thermal imaging, and
the practical implementation of mecha-
nistic models leading to optimal process
conditions via individual temperature-
regulation of IR heaters (7).

Biologic products will play an ever-
increasing role in the future of healthcare.

PDA Letter » March 2018

And the freeze-drying for these products
will be ever more crucial. The two con-
tinuous prototypes described here suggest
new possibilities to ensure adequate
freeze-drying beyond the traditional
batchwise process.
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Batch versus Continuous Freeze-Drying
What Do the Experts Think?

The PDA Letter editors reached out to the two coleaders of PDA’s Lyophilization Interest Group for their thoughts on the new technol-
ogy presented in the cover story. Their responses are below:

Yves Mayeresse, Director, GlaxoSmithKline Vaccines

In general, | think this new technology would make a good improvement for the industry. At the same time, | do not think the picture
is so bleak for batch freeze-drying. | agree batch freeze-drying can be inefficient in that it can take a few days, but that is usually after
obtaining 100.000 vials at a time. The throughput of both technologies should be compared in terms of vials/units of time. There have
also been more efforts at easing the revalidation required for each step of the batchwise process.

In my opinion of this technology, there needs to be further study on how the gas is filtered at low temperature with the right flow, and
how the filter is tested afterward (frequency, typical temperatures and pressure).

Additionally, | want to point to personalized medicines. Here, small-scale, batchwise freeze-dryers have been used to produce
personalized medicines for patients.

Edward Trappler, President, Lyophilization Technology

The cover story presents some interesting and thought-provoking possibilities. Pursuit of continuous processing for lyophilization is an
ambitious feat, and an illustration that even the most complicated of pharmaceutical product processing can be pursued with innovative
approaches. Though this new approach does not eliminate the potential for failure and other challenges of lyophilization, it is a stepping
stone to further improvements and innovations. An example is the opportunity to progress from random sampling after completing the
batch, to statistics-based sampling by extracting a sample from continuous processing based on the number of product units processed,
similar to the approach taken to variation for dispensing with on-line weight checks on filling lines.

One of the advantages of such technology is eliminating the influence of variability in the primary packaging (vial/cartridge/syringe
respective heat transfer coefficient) and its effect on the process. With the process being the same for a single presentation for the lab
scale unit as large batch commercial manufacturing, application in producing personalized medicines becomes a realistic option. There
would also be a great opportunity not just for biologic drug products, but also in reducing unit cost for classical small molecule product
as well as for high volume production of products such as vaccines.

What do you think? The Managing Editor of the PDA Letter welcomes your feedback on the technology presented in this article. Submit
your Letter to the Editor by email to stauffer@pda.org or by post to Rebecca Stauffer, PDA, 4350 East West Hwy, Suite 600, Bethesda,
MD, 20814, USA. Your feedback on our content is always welcome! <&
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A Possible Model for Downstream
Continuous Biomanufacturing

Many biologics manufacturers wonder if continuous manufacturing is achievable for downstream processing.
Below is a sequence showing the operations of a discrete operation process for downstream batches taken
from a recent article in the PDA Journal of Pharmaceutical Science and Technology (1).
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Source
Garcia, F.A., and Vandiver, M.W., “Throughput Optimization of Continuous Biopharmaceutical

1.
Manufacturing Facilities” PDA Journal of Pharmaceutical Science and Technology 71 (2017): 189-205.
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PDA Publishing presents

Contamination Prevention
For Nonsterile Pharmaceutical
Manufacturing

Andrew Dick, Johnson & Johnson
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One Plant’s Secret
for Assuring Aseptic
Control _

Tony Pavell, Frese

Airflow visualization testing, conducted
as part of a routine review program, can
help assure that aseptic filling areas remain
under a state of proper control.

In fact, ISO standards recommend
frequent airflow measurements. ISO stan-
dard 14644-2 requires “specifications for
testing and monitoring to prove contin-
ued compliance with ISO 14644-1,” i.e.,
periodic measurements of airflow (7). The
recommended tests to prove continued
compliance include particle concentra-
tion testing, air volume or velocity and air
differential pressure. Other recommenda-
tions suggest a maximum time interval of
24 months (1,3). This time interval may
be extended based on the installation of
instrumentation for continuous moni-
toring or other environmental control
schemes based on a risk-based approach
and area-specific data.

One process for conducting periodic
airflow visualization testing is the tracer
injection method, commonly referred to
as the “smoke study.” An aseptic facility
used this method for a routine airflow
visualization program to provide assurance
of unidirectional airflow in a critical part
of the filling area.

Visualization Offers Assurance
Airflow visualization studies were being
performed in the lyophilizer loading area
of an aseptic filling facility to verify that
there had been no change in the ISO 5
area airflow since the last airflow visualiza-
tion study date, approximately seven years
prior. There had been no change in the
room design, equipment configuration
and the routine semiannual recertification
had not identified any changes in room air
change rate or filter velocities. The airflow
visualization testing was initiated with the
lyophilizer loading room in static condi-
tions. With the lyophilizer door closed,
the airflow was downward as expected.

When the lyophilizer door was opened, the
airflow was observed to move horizontally
away from the lyophilizer near the mid-
point of the chamber. This did not meet
the airflow visualization study acceptance
criteria for unidirectional downward air
flow visualized in front of the lyophilizer. It
was confirmed that the airflow farther out

from the lyophilizer (underneath the next
row of HEPA filters) was unidirectional
and downward, therefore, it met acceptance
criteria. Clearly, this was an anomaly.

After visualizing the area of horizontal
airflow in front of the lyophilizer, an
investigation was conducted into potential
causes. The investigators reviewed main-
tenance activities that occurred on the
equipment, integrity of the HEPA filters,
airflow velocity testing 6 inches from filter
face, filter life and room pressure at the
time of testing. The investigation found
none of these contributed to the airflow
anomaly.

The filters were then returned to the
vendor to perform pressure drop testing

at rated airflow and velocity uniformity
testing. The pressure drop testing did

not identify an issue with the filter. Face
velocity uniformity testing was performed
using a TSI Anemosonic™ UA6 Ultrasonic
Anemometer instrument to record veloc-
ity readings at 18 points on each filter
(approximately 10 inches from the face of

the filter).

Velocity uniformity testing showed a
decrease in measured velocity from one
side of the filter to the other. The decrease
was approximately 30% on Filter 1 and
approximately 50% on Filter 2. This is
likely the result of uneven air supply to
the filter inlet resulting in more particles
loading on one side of the filter. This data
suggests there are limitations to substitut-
ing air velocity measurements for periodic
airflow visualization testing, necessitating
further in-process monitoring.

Additional in-process monitoring may
include differential pressure measure-
ment or measurements of work surface
velocities to help identify potential issues.
The differential pressure across the filter
membrane could be measured periodi-
cally and trended to indicate filter loading
and potential flow issues. The differential
pressure, however, can only be performed
where the filters are installed with indi-
vidual air supply to accurately measure
the pressure across the single filter instead
of the plenum to the room. The measure-
ment of airflow velocities near the work
surface/lyophilizer loading height could
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be measured and trended. Airflow velocity readings near the work
surface, however, have inherent issues with repeatability. PDA Europe PDA
A review of previous requalification studies of the airflow visualiza- Conference, Exhibition, Parentara g Association
tion was performed to determine if there were any initial signs of Education

the airflow anomaly that were not detected initially. The previous
requalification studies were performed using the velocity distribution
method to demonstrate that the airflow in the area being tested had
not significantly changed since last airflow visualization testing using
a smoke study. The ISO 14644-3 method of measuring velocity
distribution for airflow visualization is commonly used to confirm
airflow direction and/or airflow visualization in cleanroom areas.

During the review of previous requalification studies, it was found
that the method in use (which relied on trending of air velocity
values obtained for each filter) was an overinterpretation of the ISO
standard. Substituting velocity measurements for visualization test-
ing requires obtaining velocity measurements at different heights.
Advanced Technologies for Virus Detection

Conclusion & Clearance in Biological Products
Airflow pattern studies are an important component in the periodic

review and recertification of aseptic processing areas.

Airflow measurements should be taken periodically in an area suf-
ficiently below the filter face as to observe differences in actual supply
velocities and also high enough above the work surface as to remain
within “first air” that has not been influenced by the equipment in
the working plane.

Alternatively, proper design on supply air filtration and in-process
controls for airflow monitoring can be used to prevent issues that
have an impact of air flow visualizations. These design methods
may include prefiltration of supply air to reduce the amount of
particulate loading on the terminal HEPA filter. In-process moni-
toring of the differential pressure across a terminal HEPA filter

or air velocity measurements and trending of air velocity in the
work surface area instead of only at the filter face may be used for
trending purposes and identification of an issue that may impact
airflow. Implementing these methods can be used to provide
assurance of unidirectional air flow in the critical zone during
routine use of the area and proactively prevent failures.
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o Sterility Assurance in Early Phase Development

go.pda.org/PGBP

www.pda.org/bookstore | Tel: +1 (301) 656-5900 | Fax: +1(301) 986-1361
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Regulatory Changes in China to Impact Many Areas

Hongyang Li, Novartis, PDA Regulatory and Quality Advisory Board (RAQAB) member

Recently, I had the pleasure of providing an update on Chinese regulatory trends to PDA’s Regulatory Affairs and Quality Advisory
Board (RAQAB). In general, while there are many new regulations coming from the China FDA, it appears Chinese regulators are striv-
ing to make sure their regulations are more aligned with international practices.

This reflects statements made by CFDA Director Bi Jingquan on Oct. 10 following release of the document, Opinions on Deeping the
Review and Approval System Reform and Encouraging the Drug and Medical Device Innovation. In his remarks, he pointed to the need to
expand China’s development of innovative drug products as well as increase importation of new drugs from abroad for serious diseases,
noting that, from 2001 to 2016, the U.S. FDA approved 433 new drugs, yet only 133 of them have been marketed in China. At the
same time, safety and quality of drug products should be ensured.

Below are the highlights I shared with RAQAB:
» All post-approval changes (PAC) must be submitted online as of Dec. 1, 2017; these will be reviewed centrally by CFDA’s Center of
Drug Evaluation (CDE) as provincial CFDA offices will no longer accept nor review PAC submissions

* The Market Authorization Holder program will be implemented in China in the future (right now, only ten provinces/cities are al-
lowed to participate the MAH pilot program); this change could have a dramatic impact on the Chinese pharmaceutical industry, for
example, the term “imported drug” will now refer to drugs manufactured outside China but marketed in China, which may mean
reduced testing at customs (some provinces have already dropped the testing fee for imported drugs in China)

pda.org/2018VisuallG

2018 PDA Visual Inspection Interest Group Workshop
.

If you work in visual inspection, either manual human inspection or automated machine
inspection, you won't want to miss the 2018 PDA Visual Inspection Interest Group Workshop! Extend your learning

experience by attending
PDA's An Introduction to
Visual Inspection course,

The open-discussion atmosphere of this Workshop creates a forum in which to connect with
colleagues and peers for an in-depth exploration of important topics, including:

e |dentifying unique testing requirements for difficult-to-inspect products found in USP <790>, Apr. 26-27. This course will
such as suspensions, freeze dried powders, colored solutions, biopharmaceuticals with cover e fundkmeniEls of
inherent particles and those products in non-transparent containers visual inspection and their

® Developing practical implementation strategies for automated inspection methods application to injectable

¢ Understanding the current proposal to revise EC Annex 1, including the proposed products.
requirements for visual inspection and container integrity testing

Participants are invited to suggest, in advance of the Workshop, additional topics for discussion.
Space is limited — Secure your spot today!

To learn more and register, please visit pda.org/2018VisuallG

CONNECTING

PDA April 25, 2018 | Bethesda, MD PEOPLE
e Exhibition: April 25 SCIENCE
#PDAVISUAL REGULATION"
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*  APIs will be reviewed in conjunction with NDA and ANDA applications, and there will no longer be a separate CDE review of
APT applications; API manufacturers are encouraged to file Drug Master Files with the CFDA, and there will be no “pharmaceutical
production license” issued to API manufacturers in China

* The “GMP Certificate” issued by CFDA will cease; the intent is that preapproval inspections (PAI) will cover general GMP inspec-
tions as well

* The five-year GMP recertification for onsite inspections will be converted to routine onsite GMP inspections based on a risk model

being developed by CFDA

* A revision to the Drug Administration Law is expected to be passed in the next Chinese Congress sometime in Q1 2018 so as to en-
able the above changes

* A new piece of Chinese regulation pertaining to “Drug Data Governance” has been published for comment—this is the third version
published for commenting (PDA commented on the first version of the regulation), and the contents are now more aligned with cur-
rent international guidelines regarding data integrity; this regulation is intended to govern data integrity and reliability in the whole
lifecycle of pharmaceutical products in China, covering GxB, not only GMP

Anyone interested in learning more about Chinese regulations is encouraged to contact Denyse Baker at baker@pda.org. &

pda.org/2018CCPI

2018 PDA Container Closure Performance
and Integrity Conference

The 2018 PDA Container Closure Performance and Integrity Conference will address the complexities and challenges to container
closure performance and integrity.

Broaden your understanding of holistic requirements related to performance and protection by identifying potential failure modes
throughout the life of a product and de-risking container closure design during development.

At the Conference, experts will cover a wide range of topics, including:

® Best practices for container e Container closure integrity testing ® Regulatory requirements in the
closure design e Critical secondary/tertiary packaging combination product platform space
e System engineering approaches for and cold chain development

performance optimization

To learn more and register, please visit pda.org/2018CCPI

CONNECTING

PDA  June 13-14, 2018 | Bethesda, MD PEOPLE
e Exhibition: June 13-14 SCIENCE+
#PDACCPI REGULATION*
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Awareness Key for Container Closure Components:

Partl

A Summary of the 2017 PDA Container Closure, Devices and Delivery Systems Workshop

The most important takeaway for partici-
pants of PDAs 2017 PDA Container Clo-
sure, Devices and Delivery Systems: Compat-
ibility and Material Safety Workshop can
be summed up in one word: awareness.
As the complexity of delivery systems and
drug/device combination products in-
creases, the task of qualifying components
fit for use becomes especially challenging,
necessitating greater awareness of regula-
tory requirements and current trends.

At the workshop, cosponsored with

the Product Quality Research Institute
(PQRI), Oct. 2-3, in Washington, D.C.,
the most pressing topics in container clo-
sure were featured: particulates, biocom-
patibility, leachables/extractables, biologic
stability, container closure integrity, etc.

Below are summaries of each session of
the workshop, written by each of the ses-
sion moderators.

Plenary 1: The Future of Drug
Delivery

Moderator: Diane Paskiet, Director,
Scientific Affairs, West

The workshop opened with a view of the
future of drug delivery captured from

two perspectives: integrated drug/device
development and opportunities for emerg-
ing pharmaceutical technologies. Didier
Pertuy, Vice President, Global Head
Drug Device Integrated Development and
Device Strategy, Sanofi, described how
the increase in device-mediated injectable
delivery systems is due to the significant
growth of self-administered biologics for
chronic diseases. The drug and the device

must be integrated, from discovery all the
way to commercialization. The probability
that a device is needed in combination
with a drug should be raised as soon as
possible during the research phase in order
to select the appropriate route of adminis-
tration. An integrated approach also helps
in the design of a device-able biopharma-
ceutical candidate and for building the
drug-device combination development
strategy.

A good drug and formulation device-abil-
ity profile allows developers to design the
best user interface and injection experi-
ence. Implementing a Phase 0 study could
help to shape patient/user preferences.
Drug product development must be based
on a patient-centered integrated system

design approach with a device-able bio-  »

o]l
Proven Innovation for Non-destructive
Testing of Parenteral Packaging

Data Driven
Robust Inspection
Solutions

40
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Where do'leading experts turn to communicate
with the PDA community?

The PDA Letter and PDA Journal of Pharmaceutical
Science and Technology

For more information on PDA publishing please visit:

www.pda.org/pdaletter http://journal.pda.org
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pharmaceutical candidate. When possible, it is best to screen out
nondevice-able molecules at risk for interfacial and/or leachable- )
induced interactions, or poor device performance, rather than PDA Europe PDA
attempting to alleviate the problem. A cross-functional team that Conference, Exhibition, [ e—T———
can understand both the drug and device sides of the business is Education

necessary. After all, a combination product is an integrated system
and no one component is more important than another. Under-
standing and controlling the product and process requires a true L
partnership. The Parenteral Drug Association presents:

Following Pertuy’s talk, a U.S. FDA representative emphasized 1 lth

the need for innovation to develop and manufacture qual-

ity medicines. Sau Lee, PhD, Office of Testing and Research, Wo rks h O p o n
CDER, introduced his Center’s Emerging Technology Team

(ETT). The goals of the ETT are to address undetlying causes of M l l
product recalls, improve manufacturing efficacy and facilitate new O n OC o. n a
clinical development for novel dosage forms. An tl b o d I e S
The program aims to support the adoption of innovative technol-

ogy through close collaboration with industry and other relevant
stakeholders. Within this program, a small ETT cross-functional
team is composed of representatives from all relevant quality
review and inspection programs in addition to relevant subject
matter experts. This team is responsible for facilitating knowl-

edge of novel products, manufacturing processes and analytical
technologies.

The sponsor is responsible for justifying that a proposed emerg-
ing technology would be novel from a pharmaceutical perspec-
tive and also advance product quality. The technology would be
included in an application-associated Drug Master File. The ETT
provides a forum for firms to engage in early dialog with FDA to
support innovation and ensure consistency, continuity and pre-
dictability in review and inspections. There have been 32 requests
accepted into the ETT program since its launch in 2014. There
have already been several approvals such as 3D-printed drugs,
continuous manufacturing, a closed aseptic filling system and a
novel injectable container and closure system, to name a few.

xPublishe,,

S
S

S
182

[This is the first of three installments. The article in its
entirety, including figures, can be read at the PDA Letter
website]. <@

27-28 November 2018
Seville | Spain

www.pda.org/EU/MABS2018
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Keeps
You up to
Date on the
Latest Advances
in Packaging
Science

Medical and technological advances are revolutionizing patient treatment options, creating new challenges
and opportunities for the parenteral packaging market.

PDA is a recognized leader with longstanding expertise and focus in packaging science. In light of new de-
velopments and the dramatic impact of primary packaging on the safety and efficacy of drug product, PDA is
intensifying its efforts to provide the most up-to-date tools and resources to the industry.

A snapshot of PDA's extensive offerings includes:

Global Conferences and Workshops on topics such as glass quality, parenteral packaging, container
closure integrity testing, and pre-filled syringes

A broad array of Topic-specific Training Courses
Technical Reports and Resources, both already published and under development
Interest Groups dedicated to addressing pharmaceutical packaging issues

The Ed Smith Packaging Science Award, granted annually to recognize outstanding contributions to
PDA and Pharmaceutical Packaging Science

To find out more about how PDA is leading the way to improved patient safety through better
pharmaceutical packaging processes and practices, please visit www.pda.org.

— Connecting People, Science and Regulation®
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Changes to USP Council of Experts

January 7, 2018

Convention Governance Committee (CGC)
United States Pharmacopeia

2601 Twinbrook Pkwy

Rockville, MD 20852

Reference: Notice of Proposed Change to 2015-2020 Rules and Procedures of the Council of Experts
Dear CGC Members:

PDA appreciates the opportunity to respond to the proposed change to section 7.06 of the Rules and Procedures of the 2015-2020
Council of Experts, Approval by Expert Committee. PDA and its members appreciate the challenges of a growing workload with limited
resources faced by the Expert Committees under the current rules and procedures. PDA can support the delegation of certain specific

Expert Committee tasks to appropriately trained and qualified USP staff as long as there is no scientific impact or risk to patients or
public health. PDA would like to see the revision include more precise language on what can or cannot be delegated. For example, PDA
recommends the procedure state that changes to standards, test methods or specifications for items other than editorial or format or error
corrections will not be delegated. PDA agrees with the delegation to USP staff of changes due to typographical errors or editorial errors
that do not change science such as already done with reference standards.

One concern PDA has with this proposal is that it creates new numbering for the various parts of section 7.06 as shown in the table below.

Structure of Current Section 7.06 Structure of USP Proposed Section 7.06

(@) New Standards and Accelerated Approvals; Balloting (@) New Standards and Accelerated Approvals; Balloting

(b) Joint Standard-Setting Subcommittee; Approval; Balloting (b) USP Staff; Delegation of Approval Authority with Council Oversight
(c) Responsibility for Approvals (c) Joint Standard-Setting Subcommittee; Approval; Balloting

There are multiple issues here. First, the original section 7.06¢ appears to be missing in the proposal. It is unclear whether this part being
deleted. Second, the renumbering of the parts (e.g., old b is new ¢) is problematic because other documents (e.g., Guideline for Review and
Approval of Reference Standards...) directly reference these parts. The renumbering will create errors in these other documents and lead to
confusion. PDA recommends the old numbering remain intact and a new sub-bullet (d) for USP Staff Delegation be created as shown below.

Structure of PDA Proposed Section 7.06

a) New Standards and Accelerated Approvals; Balloting

c) Responsibility for Approvals

(
(b) Joint Standard-Setting Subcommittee; Approval; Balloting
(
(

d) USP Staff Delegation of Approval Authority with Council Oversight

PDA would also like to suggest alternate ways to address the constraints the ECs are facing. One approach is to split Expert Commit-
tees within the larger or more busy topics so that that workload could be divided without overlap. Advantages of this approach include
involvement of more volunteers from industry bringing broader perspectives and expertise to the discussions and lowering the burden

on each individual expert committee member. One challenge could be the additional considerations for the USP staff to manage and
support an increased size of the Council of Experts. This approach of sub dividing current expert committees develops more experience
within the volunteer base and provides increased opportunities for succession planning for expert committee leaders. One example would
be the Chemical Analysis committee where the scope could be split into two groups such as spectroscopy and chromatography.

PDA is a non-profit international professional association of more than 10,000 individual member scientists having an interest in the
fields of pharmaceutical, biological, and device manufacturing and quality. Our comments were prepared by a committee of experts with
experience in pharmaceutical manufacturing and pharmacopeia publications including members representing our Board of Directors and

our Regulatory Affairs and Quality Advisory Board.

If there are any questions, please do not hesitate to contact me.

Sincerely, ]
Richard Johnson PDA Commenting Team

President, PDA

Janeen Skutnik-Wilkinson, Biogen (lead) Norman Sesi, Eli Lilly
Cc: USP Board of Trustees

Susan Schniepp, Regulatory Karen Ginsbury, PCI
Compliance Associates

PDA Letter » March 2018



pda.myindustrytracker.com/en/buyersguide

Get Your Premium Listing
in PDA's Online Buyer’s Guide
for Only $499!

The PDA Online Buyer’s Guide is the newest way to reach PDA's broad audience. This industry-specific product
guide and vendor directory reaches key decision makers and purchase influencers from around the world.

Increase your company’s visibility by purchasing a Premium Listing on this new innovative online offering.
The $499 Premium Listing fee per year for the Online Buyer’s Guide enables you to:

* Acquire new leads

e Publish your marketing material

* Showcase new products and services

* Display your company logo, profile, website, contact information, and social media links

And, don’t miss out on other advertising options to strengthen your brand awareness with customized packages
that fit your needs and budget!

Ready to book your listing in the Buyer's Guide and to discuss how to make the most of your investment with
PDA? Have a question about your company’s best advertising options?

Contact David Hall, Vice President, Sales, PDA, at hall@pda.org or +1 (240) 688-4405.

pda.myindustrytracker.com/en/buyersguide
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Voices of PDA

Voices of the Board

2018: Greater Harmonization and
Global Collaboration

“Stability studies in Brazil have been an issue for quite some time—ANVISAs align-
ment with ICH is a significant positive step forward.”

“Wewve got a draft set of comments on China’s PAC guidance....”

“Hospitals are forming their own drug company. This news article indicates who is
involved....”

These are a few examples of topics that that have come to the attention of PDA’s Regula-
tory Affairs and Quality Advisory Board (RAQAB). This advisory board serves the PDA
membership by influencing science-based regulations and interpreting regulatory issues
that affect the development, manufacturing and control of healthcare products. This
involves regularly interacting with global regulators.

In fact, for 2018, RAQAB’s goal is to expand engagement with global regulators. A few
hot topics that RAQAB specifically plans to collaborate with regulators on include:

1. Quality Culture — PDA is actively working with the UK MHRA and the U.S.
FDA to train their regulators on PDA’s onsite assessment approach to quality culture.
Additionally, there are opportunities open in both the United States and Europe for
sites to enroll and compare their results with the more than 40 sites that have already

completed their assessments using PDA’s quality culture assessment tool.

Emma Ramnarine, Genentech/Roche

2. Post-Approval Changes — PDA’s Post-Approval Change Innovation for Avail-
ability of Medicines (PAC iAM*™)Task Force is actively engaged in global discussions
on addressing current barriers to implementation of post-approval changes (PAC) that
hinder continual improvement. In addition to engaging in the development of ICH
Q12: Technical and Regulatory Considerations for Pharmaceutical Product Lifecycle Man-
agement, the task force has been active in publishing Points to Consider papers, articles,
webinars, workshops, etc. A technical report on PAC is also under development.

3. Data Integrity — PDA’s Data Integrity Task Force is working to clarify expectations
and best practices for data integrity to help firms meet regulatory requirements. FDA
is actively engaged and contributing to two technical reports. The technical report on
data integrity for laboratory systems is expected to be issued in mid-2018. The techni-
cal report team working on the one focused on data integrity for manufacturing sys-
tems is firming up their outline and plans to have an initial draft completed by the end
of the year. In addition, PDA has been working with FDA to find common ground
regarding specific topics related to inspections that have been difficult for industry.

4. Pharmacopeial Harmonization — PDA's first ever Pharmacopoeia Conference,
scheduled for May in Vienna, fulfills a long standing RAQAB objective to promote
pharmacopeial harmonization. Pharmacopeial agencies from the United States, Eu-
rope, Japan, China, Russia, Eurasia, India and Ghana are scheduled to participate.

To learn more about these initiatives, I encourage you to visit the PDA website:
www.pda.org.

RAQAB is integral to PDA’s mission of connecting People, Science and Regulation®,
and in serving the needs of PDA members in a rapidly evolving global landscape that is
becoming increasingly complex. <
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PDA Chapters PDA

Parenteral Drug Association

Your Local PDA Connection N/
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Are you curious about the issues unique to your region?

Another layer of PDA leadership resides at the grassroots level in the Chapter organizations. Regional
PDA Chapters provide local services to the membership, including translations of PDA publications,
networking social events, student scholarship and annual regulatory and technical conferences. Each
Chapter is managed by volunteer leaders.

AUSTRALIA

ISRAEL

J
‘ ITALY

~

Learn more about your local Chapter at www.pda.org/Chapters.



The Parenteral Drug Association presents:

avereh 2018 - 24-25 April 2018

and SAVE!

Malaga | Spain

&£ .




