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from the editor

Rita Peters is editorial 

director of Pharmaceutical 

Technology. Send your 

thoughts and story ideas to 

rita.peters@ubm.com.

L
egendary basketball coach John 

Wooden advised his players to “be 

quick, but don’t hurry” to improve 

their performance on the court. This 

is sound advice for the bio/pharma 

industry, also.

This month, our sister publication, 

BioPharm International, marks 30 

years of publishing information about 

scientific, technical, and business ad-

vances in biologic-based drug develop-

ment as science pushes technologies 

into unexplored areas. 

In covering the industry, the editors 

carefully balanced optimism—or, in 

some cases, hype—about promising 

therapies with the reality of challenges 

that drug developers face. Every day, 

we receive press releases extolling the 

potential of a drug in development. 

These pitches are part of a process to 

gain attention for the company or ther-

apy, secure investments, or build part-

nerships. Sometimes, however, these 

messages build false hope for patients 

waiting for needed therapies.

For a patient afflicted with a debili-

tating or terminal disease, a lengthy 

drug development and approval pro-

cess can be frustrating—or a death 

sentence. They seek hope from any 

possible treatment. The ability of drug 

companies to serve these patients is 

tempered by their scientific knowledge, 

legal and regulatory restrictions, and 

limited financial support for ongo-

ing research and development. It is a 

tricky balance that the industry needs 

to communicate honestly to patients. 

As always, politics plays a part. The 

Right to Try Act, enacted in May 2018, 

gives terminally ill patients access to 

therapies that have passed Phase I

safety trials, but have not been ap-

proved by FDA. The legislation has 

been criticized as being duplicative of 

similar laws in individual states, po-

tentially causing unknown harm, con-

flicting with scientific goals of clinical 

trials, and undermining the regulatory 

authority of FDA.

At the same time, FDA faces criti-

cism that it is approving drugs too 

quickly. A recent article (1) argued that 

while FDA is approving more drugs 

and at a faster pace, the expedited ap-

proach involves more risk for patients 

because approvals are based on limited 

information about safety or effective-

ness from shorter clinical trials, not 

survival rates or cures. 

Science, education, and ethics
At its 2018 annual meeting in Boston 

on June 5–7, 2018, the Biotechnology 

Innovation Organization (BIO) also 

celebrated an anniversary, marking 

25 years of promoting the evolution 

of the biotech and biopharmaceuti-

cal industries. At the event, speakers 

recalled milestones in the industry’s 

development, including ethical ques-

tions raised by scientific efforts such 

as animal cloning or stem cell research 

and biotech-fiction fears driven by the 

movie Jurassic Park.  

During a session, Jim Greenwood, 

BIO president and CEO, recounted his 

negative reaction when a fertility doctor 

said in a 2001 television interview that he 

could—and planned to— clone a human 

being. Greenwood, then a US Congress-

man from Pennsylvania, said he called 

for a hearing with the goal to outlaw 

human cloning. A visit from BIO CEO 

Carl Feldbaum, who explained the po-

tential of therapeutic cloning, converted 

Greenwood into a proponent for biolog-

ics industry development, leading to his 

appointment as head of the organization 

a few years later. 

The past 30 years has seen the bio-

pharma industry witness the emer-

gence of protein-based therapeutics. 

The next chapter in the biopharma 

story—cell and gene therapies—brings 

a new theme, that of providing a cure 

for disease and conditions. The “cure” 

word was used multiple times in dis-

cussions at the BIO event, presenting a 

new set of science, business, technical, 

and ethical challenges for the industry 

in the years ahead.

In addition to being quick, bio-

pharma companies and the regulatory 

industry also need to be smart, be hon-

est, and keep patients at the forefront 

of all of their activities, not just their 

press releases. 

Reference
 1. C. Chen, “FDA Repays Industry by Rush-

ing Risky Drugs to Market,” ProPublica, 

June 26, 2018,  www.propublica.org/

article/fda-repays-industry-by-rushing-

risky-drugs-to-market.  PT

Be Quick, But Don’t Hurry

After 30 years of biologic-drug advances, 

the industry and patients still have a lot to learn.

Rita Peters
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PRODUCT SPOTLIGHT

High-Shear Mixer with 
Additional Disperser
The PowerMix Model PDM-10 

from Ross, Charles & Son offers 

high-shear mixing for hard-to-mix 

applications with low flowability. 

The mixer combines high-speed 

dispersion with planetary stirring 

action making it suitable for heavy 

pastes and slurry-like applications 

involving a considerable amount 

of powders that need to be wetted out and dispersed uniformly.

The 10-gallon model features interchangeable mix vessels 

and an additional sawtooth blade on each disperser shaft, which 

doubles the shear input capacity of the mixer, according to the 

company. A rectangular stirrer orbits the vessel, exposing the 

entire batch contents to the shearing action of the dispersers. 

Patented high viscosity blades are available for more viscous 

applications prone to climbing up the stirrer. The blades 

offer a helical curvature that pushes product forward and 

downward. Fully automated programmable logic controller 

recipe controls and data acquisition systems are also available 

for optimal mixing results, as stated by the company.

Ross, Charles & Son

www.mixers.com

Data Loggers with 
Cloud Storage 

T&D’s new compact, battery-powered 

-75wf/nw line of thermocouple 

data loggers feature a temperature 

range of -199 to 1760 °C and free 

cloud storage. The line supports 

six types of thermocouple sensors 

(K, J, T, E, S, and R) and comes in 

two models: TR-75wf for wireless 

LAN and TR-75nw for an ethernet/wired LAN connection.

The data loggers connect to the company’s free cloud-based 

WebStorage Service where temperature data measured by the 

thermocouple is automatically uploaded, stored, and viewed from 

PCs and mobile devices from any location at any time. These data 

can be simultaneously collected from multiple data loggers from 

varying locations, enabling real-time reports to off-site users. The 

service can also send warning emails and text messages to cell 

phones when measurements stray outside of pre-set limits.

According to the company, these devices can be deployed 

in almost any quantity to form a unified data reporting 

network connected to the Internet via Wi-Fi or ethernet.

T&D

www.tandd.com

Particle Sizer for Dry 
and Wet Measurement
The Analysette 28 ImageSizer 

from Fritsch provides analysis of 

particle shape and size for dry 

measurement of powders and 

bulk solids and wet measurement 

of suspensions and emulsions. 

The device delivers multiple shape parameters and evaluation 

possibilities for particle size. According to the company, 

measurement results are available immediately and measuring 

time is under five minutes depending on the sample quantity. 

For wet measurement, the device is used in combination 

with a complementary wet dispersion unit. Features include a 

measuring range of 20 μm–2.8 mm, freely adjustable ultrasonic 

power for deagglomeration, quiet dispersion with strong 

pumping power, automatic rinsing cycle, no dead space in 

measuring and rinsing circulation system, and fast and consistent 

cleaning. The company states that benzine, alcohol, and various 

organic solvents can also be used as suspension liquid.

For dry measurement, the particle sizer provides fast analysis of 

particle shape and size of dry, free-flowing materials. Features include 

a measuring range of 20 μm–20 mm, three available telecentric 

lenses, up to 75 images per second, preserved agglomerates, 

practical clean design of the measuring chamber, and optimal 

number of particles because of automatic adjustment of the feeder.

The evaluation software used for measuring results displays each 

recorded particle as a data point in the company’s Cloud, which 

enables each particle to be clicked individually, and the Gallery, which 

provides an overview of the typical particle shape of the analyzed 

sample and allows users to view and evaluate all images. Individual 

particle images can be directly selected for single image analysis.

Fritsch

www.fritsch.de

Benchtop Bioreactor for 
Mammalian and Microbial 
Models
The BIOne 1250 bioprocess control 

station from Distek is a benchtop-

scale bioreactor for mammalian 

and microbial models. The device is 

available in single-use or traditional 

glass versions and comes in 2-L, 

5-L, and 10-L working volumes (10 L available in glass only). 

The company states that the control station can be customized 

to meet individual laboratory needs. Features include an 

intuitive touchscreen interface, smart media filling, email 

and text alerts, trend up to eight parameters, variable speed 

pumps, up to five gas control modules, rotameters or auto flow 

control, optical pH or standard, and left- or right-side setup.

Distek

www.distekinc.com 
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A 
central strategy for enhancing ac-

cess to more affordable medicines 

for the Trump administration, 

Congress, and FDA involves smooth-

ing the pathway for the development 

and approval of high-quality biosimi-

lars and interchangeable biotech thera-

pies. Yet, only three biosimilars are on 

the market—of 11 approved products—

eight years after enactment of legisla-

tion authorizing follow-ons. Recent 

entries include Pfizer’s Retracrit, the 

first approved alternative to Amgen’s 

widely used anemia treatment Epogen 

(epoetin alfa), and Fulphilia (Pegfil-

grastim) from Mylan and Biocon, a 

competitor to Amgen’s Neulasta. But 

if current trends continue, it may be 

months or years before Americans gain 

access to these less costly therapies.

 In the United States, biosimilars 

must overcome lengthy patent chal-

lenges and difficult reimbursement 

policies that block product marketing. 

Testing and production of biosimilars 

costs from $100 million to $250 million 

per program, much more than the $10 

million involved in developing a con-

ventional generic drug. Consequently, 

biosimilars come to market at prices 

only 15–20% below the innovator, 

which often is not enough difference 

to drive prescribing and industry in-

vestment in the field. 

Manufacturing problems also con-

tinue to cause delays, as experienced by 

both Pfizer and Mylan last year (1,2). 

Celltrion also received FDA complete 

response letters for biosimilar applica-

tions for rituximab (Rituxan) and for 

trastuzumab (Herceptin) due to viola-

tions at its South Korea facility involv-

ing aseptic practices, which it says are 

now corrected (3). Other firms have 

run into delays in FDA approval re-

lated to technical and quality produc-

tion issues. 

Streamlining development
At FDA, Commissioner Scott Got-

tlieb, MD, is encouraging biosimilar 

development with initiatives to pro-

vide greater scientific and regulatory 

clarity for sponsors, a more efficient 

review process, and tools for using 

modern analytical techniques to make 

biosimilar development more predict-

able and less costly. With more than 

60 biosimilar development programs 

to 31 different reference products 

in the pipeline, the Center for Drug 

Evaluation and Research (CDER) is 

working to better integrate policy and 

review functions to smooth the path-

way to approval (4). FDA has final-

ized seven guidance documents since 

2015 that spell out a range of proce-

dures and policies for demonstrating 

biosimilarity to reference product, 

reports CDER Associate Director for 

Therapeutic Biologics Leah Christl. 

Now the agency is moving to prepare 

and revise advisories on several con-

tentious issues, including biosimilar 

labeling, managing post-approval 

manufacturing changes, and dem-

onstrating interchangeability with 

a reference product. Although FDA 

cannot change the legal standard for 

interchangeable biosimilars, Christl 

explained at the April 2018 Medi-

cines for Europe Biosimilar Medicines 

Conference in London, the agency is 

examining possible revisions in data 

elements necessary to support an in-

terchangeability designation (5). 

FDA recently announced it would 

start over with guidance on statisti-

cal approaches for evaluating analyti-

cal similarity to better accommodate 

new scientific tools to streamline the 

studies required for comparisons be-

tween biosimilars and reference prod-

ucts (6). The aim is to clarify where 

natural variance in production lots 

for biologics occurs over time and 

how to incorporate this process into 

procedures for copying such vari-

able products. FDA is examining 

innovative methods that may help 

manufacturers measure and control 

for routine lot differences, with an 

eye to addressing where it may not 

be necessary for a biosimilar to show 

comparability to a full range of vari-

ance in reference products. 

FDA seeks more efficient testing to spur 

development of less costly biotech therapies. 

Jill Wechsler
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Another concern for FDA is evidence 

that innovators may delay biosimilar 

testing by blocking access to supplies of 

reference products needed for compara-

bility testing and clinical trials. FDA has 

published lists of brand drugs subject 

to such complaints from generic-drug 

makers and has its eye on restrictive 

contracting and distribution strategies 

that similarly may affect biosimilar 

sponsors and create barriers to the sub-

mission of biosimilar applications. 

To encourage greater uptake of bio-

similars, FDA also is doing more to ed-

ucate clinicians and patients on prod-

uct safety and efficacy and to address 

misconceptions that foster reluctance 

to prescribe and use these therapies. 

Biosimilar advocates are urging the 

agency to further explain its standards 

and policies to build public confidence 

that biosimilars are equally safe and ef-

fective as brand biologics. FDA recently 

expanded its educational materials on 

the development and approval of bio-

similars and interchangeable products 

for healthcare professionals and pa-

tients (7). Biosimilar makers also an-

ticipate that an efficient path for dem-

onstrating product interchangeability 

with brands will help build prescriber 

and patient confidence in switching to 

the new products. 

Added efficiencies may arise from 

establishing a global market for bio-

similars, and FDA is collaborating with 

regulatory authorities in Europe, Japan, 

and Canada to harmonize R&D require-

ments and share experiences in oversee-

ing biosimilars. Such partnerships can 

support global economies of scale in 

biosimilar development programs across 

national boundaries, Christl noted at the 

London conference. Regulatory authori-

ties from the United Kingdom and other 

European countries reported millions 

in savings from the growing uptake of 

biosimilars to rituximab, infliximab, 

and etanercept, as prescribers gain more 

confidence in switching patients to the 

lower-cost therapies. 

Rebate roadblocks
In the US, though, payment and rebate 

practices create additional barriers to 

biosimilar marketing and utilization. 

In a speech to health insurance firms in 

March 2018, Gottlieb pointed to rebat-

ing and contracting schemes and “Ka-

buki drug-pricing constructs” that ex-

pose consumers to high out-of-pocket 

costs for biosimilars and discourage 

manufacturers from investing in pro-

ducing more affordable alternatives 

(8). The problem is that high rebates 

paid by brand manufacturers encour-

age health plans and pharmacy benefit 

managers (PBMs) to favor brand thera-

pies on formularies. In April 2018, the 

commissioner scolded PBMs directly 

about how “restrictive contracting, 

rebating, and distribution agreements 

deter coverage and reimbursement” for 

biosimilars (9).  

The crux of the problem, Gottlieb 

explained, is the “rebate trap” that 

permits PBMs and insurers to profit 

from the spread between list price and 

the actual rebated price for an inno-

vator therapy. Rebates can amount to 

hundreds of million of dollars in an-

nual revenues for plans and typically 

are tied by manufacturers to volume or 

preferred formulary status. This sys-

tem means that PBMs and plans lose 

substantial rebate revenues by shifting 

patients from an established drug to a 

biosimilar. 

As biologics account for an increas-

ingly large portion of drug outlays, 

Gottlieb urged payers and insurers to 

reject such rebate arrangements and 

to encourage biosimilar use by lift-

ing prior authorization requirements 

for biosimilars, designing formular-

ies with biosimilars as the default op-

tion for newly diagnosed patients, and 

waiving co-insurance on these prod-

ucts. Payers must decide if they want 

to continue to benefit from profitable 

rebates, Gottlieb told the insurers, or 

“help generate a vibrant biosimilar 

market that can help reset biologic 

pricing.” 

These rebate and contracting issues 

that stymie biosimilar competition, 

along with a range of patent, regula-

tory, and reimbursement challenges, 

are discussed in a white paper from 

the Biosimilars Council of the Asso-

ciation for Accessible Medicines (10). 

The group is pressing for legislation 

to facilitate access to test samples for 

generic-drug and biosimilar manufac-

turers, as well as policies to promote 

biosimilar competition at FDA and 

other government agencies. 
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G
ood manufacturing practices 

(GMPs) are established by regu-

lators to ensure that pharmaceu-

ticals are safe and effective for the pa-

tients that rely on them. In the United 

States, requierments governing fin-

ished pharmaceutical quality are de-

scribed in the Current Good Manufac-

turing Practices (CGMPs) regulations 

established by FDA and published in 

the Code of Federal Regulations (Title 

21 of the CFR, parts 210–211 for most 

finished pharmaceuticals). FDA also 

publishes guidance to further describe 

recommended practices for comply-

ing with the CGMP regulations. The 

agency states that “CGMPs provide 

for systems that assure proper design, 

monitoring, and control of manufac-

turing processes and facilities. Adher-

ence to the CGMP regulations assures 

the identity, strength, quality, and 

purity of drug products by requiring 

that manufacturers of medications 

adequately control manufacturing op-

erations” (1). 

In Europe, GMPs are defined by the 

European Commission in EudraLex–

Volume 4–Good Manufacturing Prac-

tice (GMP) guidelines (2), which were 

first published in 1989. EudraLex states 

that quality management is “a system 

of marketing authorizations [that] en-

sures that all medicinal products are 

assessed by a competent authority to 

ensure compliance with contemporary 

requirements of safety, quality, and ef-

ficacy” (2). 

To harmonize GMPs and other 

quality requirements worldwide, the 

International Council for Harmoniza-

tion (ICH) works with international 

regulators and industry to develop 

common guidelines across the indus-

try to ensure consistent quality expec-

tations worldwide. 

“At its core, CGMP is a science- and 

risk-based focus on assuring drug 

quality. As described in ICH Q10, 

Pharmaceutical Quality System, an 

overall attitude to drive meaningful 

and continuous improvements from 

the quality unit and other manufac-

turing employees is essential” (3), FDA 

told Pharmaceutical Technology. 

The global nature of the pharmaceu-

tical supply chain requires regulatory 

Maintaining good quality control practices throughout the entire 

manufacturing process requires robust development, a drive toward 

product and process understanding, and pre-established, comprehensive 

written procedures that are consistently reviewed and updated.

Susan Haigney

Maintaining 
GMPs Requires 

Continued 
Vigilance

IQ
O

N
C

E
P

T
/S

H
U

T
T

E
R

S
T

O
C

K
; 

K
O

N
R

A
D

L
E

W
/G

E
T

T
Y

 I
M

A
G

E
S

Cover Story: Maintaining GMPs



2018 ANNUAL  
MEETING & EXPO
VISION TO REALITY: DELIVERING NEXT GENERATION THERAPIES

Join us at the most comprehensive 

gathering of pharmaceutical and 

biopharmaceutical professionals 

to explore industry-critical 

technical developments.

At this year’s conference you will:

•  Experience our new 25,000+ square foot Expo 

at the Philadelphia Convention Center, featuring 

300+ equipment and service providers.

•  Expand your knowledge and skills through six 

technical education tracks, plus two days of in-

depth training on 8–9 November.

•  Grow your professional network throughout the 

conference by participating in sessions, attending 

networking events, and exploring the expo hall.

•  Gain insights from world-class projects at the 

Facility of the Year Awards (FOYA) Banquet, 

honoring this year’s winners.

Register before 28 August to save!

 Learn more at www.ISPE.org/AM18

KEYNOTE SPEAKERS

Lars Fruergaard Jørgensen
President and CEO, Honorary 

Conference Chair,  
Novo Nordisk A/S

Kirsten Lund-Jurgensen, PhD
Executive Vice President and 

President, Pfizer Global Supply, 
Pfizer Inc.

Nick Leschly, MBA
CEO,  

bluebird bio

Becky Furata

Ambassador, Team Novo Nordisk 
Diabetes Cycling Team and Health 

Care Policy Consultant

4–7 NOVEMBER  |  PHILADELPHIA, PA  |  PHILADELPHIA CONVENTION CENTER

Stay Longer and Take Advantage of In-Depth  
Training Courses, 8–9 November

Expand your knowledge and skills with two days of dynamic training.



20    Pharmaceutical Technology JULY 2018  PharmTech .com

Cover Story: Maintaining GMPs

agencies to inspect and govern GMPs 

at manufacturing facilities. These in-

spections sometimes result in actions 

by regulators (e.g., FDA 483s, warning 

letters, import bans, and court actions) 

against companies that fail to follow 

GMPs. Common CGMP deficiencies 

cited by FDA in warning letters sent to 

pharmaceutical companies inspected 

during the past year include failures 

to ensure product sterility, ensure data 

integrity, create quality control units, 

and develop and follow written proce-

dures (4–7). 

“Companies should vigilantly en-

courage manufacturing practices that 

ref lect the most current and robust 

methods of processing and control, 

and with a focus on providing a quality 

product to US consumers,” says FDA. 

“The approach to successful CGMP 

is not merely a check-box approach 

where a single obstacle can be identi-

fied, nor is it meant to be unchanged 

throughout the life of a product or a 

facility. Using a holistic and quality 

risk management approach, a manu-

facturer can select and study specific 

products and processes with the goal 

of continual improvement of product 

quality and quality systems and wide-

spread optimization.” 

So how do companies ensure they 

are “vigilantly” following GMPs and 

avoid the wrath of regulators? The 

answer appears to be found in a com-

pany’s “quality culture” and in the de-

velopment, writing, and following of 

written procedures.

Establishing a quality culture
Performing pharmaceutical manufac-

turing according to GMPs involves a 

dedication to quality throughout de-

velopment and manufacturing pro-

cesses. “Corporate management plays 

a vital role in this endeavor by estab-

lishing a commitment to quality, which 

includes providing sufficient resources 

and oversight for manufacturing op-

erations. There are many elements to 

successful implementation of CGMPs 

but measuring and monitoring quality 

indicators and managing change are 

key among them,” says FDA.

According to Susan Schniepp, ex-

ecutive vice-president of Post-approval 

Pharmaceuticals and distinguished fel-

low at Regulatory Compliance Associ-

ates, maintaining GMPs throughout 

all processes and procedures involves 

a combination of personnel training, 

keeping tools and equipment updated, 

having a strong quality unit, and devel-

oping a quality culture at all levels of 

the company. “How the company goes 

about achieving this objective is what 

is critical. Traditional training may not 

be enough. There should be constant 

on-the-job training and oversight on 

a continual basis. Upgrading tools 

and equipment, especially computer-

Responding to FDA CAPA Requests

Pharmaceutical Technology spoke with Sharon Ayd, executive vice-president of 

Pre-approval Pharmaceuticals and chief scientific officer at Regulatory Com-

pliance Associates, about developing a corrective action and preventive action 

(CAPA) plan.

PharmTech: What are the best practices for developing a detailed CAPA?

Ayd: A CAPA program requires a well-documented system that determines 

the root cause of nonconformances, system failures, or process problems, cor-

rects them, and prevents them from recurring. A corrective action is a reaction 

to a situation that has occurred and is intended to fix the problem or modify 

the quality system so that reoccurrence is prevented. The result is a complete 

documented investigation/solution that meets regulatory requirements and is 

the basis for effective continuous improvement. A preventive action is initiated 

to stop a problem from occurring. It assumes that monitoring and controls are in 

place to assure problems are identified and eliminated before they happen. If the 

quality system indicates a problem may develop, a preventive action should be 

implemented to avert the situation.

PharmTech: A variety of recent FDA warning letters have cited companies for 

not providing the agency with ‘timely’ and/or complete CAPA plans in response 

to FDA 483s. What does the agency consider ‘timely’? Is there a time limit CAPAs 

should be performed by?

Ayd: Response to a [FDA] warning letter should be done by writing a cover let-

ter, and all observations need to be addressed as separate CAPAs. An appropriate 

sense of the urgency means your response should be received within 15 business 

days. It is advised to use the company’s CAPA form and cover letter instead of 

memo. The response should include documentation of the investigation with 

a concisely stated root cause. Containment measures and corrections for each 

specific observation and identified corrective actions planned with date(s) for 

completion also need to be included. In addition, documentation of all contain-

ment and corrective actions that are completed at the time you submit the re-

sponse should be included.

PharmTech: How should companies develop a CAPA in response to an FDA 483? 

Ayd: FDA will look for and review a company’s response. The investigator will 

get a copy of the FDA 483 response and will comment. As to whether the re-

sponse is adequate or not will require additional review. If you don’t hear back 

from FDA, don’t assume the response was adequate. You should also follow-up 

within four to six months with a letter that includes evidence of the completed 

corrective actions and verification of effectiveness. 

PharmTech: If the agency feels the CAPA is ‘incomplete,’ how should a com-

pany respond to a CAPA plan request after a warning letter?

Ayd: If FDA requests or proposes additional actions or asks for a more appropri-

ate CAPA, this means FDA is concerned with the company’s first response. The 

proposed actions of the company were insufficient to correct the issues cited. Pre-

sumably the company has retained a qualified and experienced third-party firm 

to provide guidance and if not, it is highly recommended to do so. The role of the 

third-party is to objectively review a company’s response to ensure it addresses all 

cited issues and can be implemented within an acceptable time to FDA.

PharmTech: How does a CAPA plan written in response to a request from FDA 

differ from an internal CAPA plan?

Ayd: A company may consider their existing CAPA plan to be adequate until 

circumstances demonstrate that it is not. This may occur as the result of different 

situations that cause the weaknesses of a CAPA plan to rise to FDA’s attention. 

Perhaps there are numerous consumer complaints, recalls, or an FDA inspection 

that is the impetus that uncovers deficiencies or failures in a company’s CAPA 

plan. Regardless of the reason, it is expected that FDA will request a company 

to address every issue associated with their CAPA plan and to understand what 

changes are needed and to implement them.
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driven programs, needs to involve IT 

departments and adhere to the current 

data integrity concepts,” says Schniepp. 

“No one element will be able to sustain 

GMPs. All the elements work together 

to establish a culture where sustaining 

GMPs is a priority.” 

Chris Moreton of FinnBrit Consult-

ing agrees. “Too often, in my experi-

ence, certain factions in an organization 

think that quality is someone else’s re-

sponsibility. There may be an organi-

zational chart that shows where the 

quality unit sits in an organization, but 

‘quality’ (including GMP) is everyone’s 

responsibility within an organization; 

from the most senior to the most junior 

and vice versa.” Management is key in 

creating a quality culture, says Moreton. 

“If the staff see the managers taking an 

interest and checking on things on a 

daily basis, the staff will respond, and 

they will try harder to get things right.”

A commitment to staying current 

with regulatory expectations is a must, 

according to Schniepp, and she warns 

that complacency is the biggest ob-

stacle to maintaining GMPs. “Once 

a process or procedure is established 

and functional, there does not seem to 

be the impetus to update and revise it 

as regulatory interpretation and un-

derstanding changes. This leaves the 

process or procedure compliant to out-

dated standards,” Schnieep says.

Companies must also learn from 

prior mistakes, according to Mark 

Lynch, vice-president of Strategic 

Compliance at Parexel. “It’s best to 

take the lessons learned from product 

experience and apply them to the cul-

ture overall so those lessons only need 

to be learned once. Those experiences 

should be continuously applied on the 

product level, and also used to make 

improvements to standard operating 

procedures (SOPs), policies, personnel, 

and technology.”

Problem solving is another technique 

that must be honed, according to Lynch. 

“Companies must also pay continuous 

attention to problem identification, so-

lution, and improvement. Refinement of 

problem-solving techniques contributes 

to organizational learning.”

Enforcing qua l it y procedures 

through a policy that ties failure to 

follow procedures with grounds for 

dismissal and using internal audits 

to detect improper performance are 

options to ensuring a quality culture, 

according to Lynch. “It is also impor-

tant that tools are a regular topic of 

discussion with operators to capture 

improvements and assure consistency. 

Additionally, sufficient supervisory 

presence and oversight are key both for 

monitoring purposes, and to be sure 

operators can raise questions and get 

the support they need. Finally, it’s best 

practice to put a reporting mechanism 

in place that does not require identi-

fication, so employees feel comfort-

able f lagging an issue without fear of 

blame,” he says.

Lack of consistent GMPs 
may lead to repeat offenses
Companies who do not consistently 

maintain GMPs may find themselves 

under additional scrutiny by regulators 

for repeat offenses. A variety of FDA 

warning letters have pointed out repeat 

CGMP violations at companies and/or 

a particular facility (8, 9). 

FDA reports that the agency, “… 

strives to provide clear guidance to 

companies proactively and in its en-

forcement actions. Where repeated 

violations have been found at the same 

facility or among different facilities of 

the same firm, we highlight those vio-

lations so that they may be addressed 

adequately. A focus on a commitment 

to quality is essential to correcting re-

peated violations, as are adequate cor-

rective actions and procedures. While 

we generally encourage a focus on 

overall quality, there are times when 

we encourage firms to take specific 

actions, which are included in our 

warning letters as well as in applicable 

guidance documents and regulations.”

Repeated offenses may be a failure to 

look at the big picture and apply solu-

tions across all systems and/or prod-

ucts, according to Schniepp. “Com-

panies think in terms of solving the 

individual citation but fail to take that 

answer for change to a global look at 

fixing other processes and procedures 

that might be susceptible to the same 

observation. Tunnel vision when re-

sponding to warning letters has a great 

potential to result in repeat observa-

tions,” says Schniepp.

“Some of these ‘repeat mistakes’ are 

found to be violations of the same sec-

tion of the regulations but stem from a 

different problem. Investigators tend to 

use repeat findings as a way to point to 

simplified trends that make one issue 

appear to be really bad, rather than the 

complex combination of issues that it 

truly is,” Lynch says. “Some companies 

lack the staff, procedures, capability, 

and time to fully investigate and solve 

problems, so they pick something (e.g., 

a personnel error), close the investiga-

tion, and move on to release product, 

and the same issue reappears because 

it wasn’t solved.”

Cost can be another factor to re-

peated offenses, according to Moreton. 

“Often cost and/or short-term share-

holder interests are used as an excuse 

to avoid some measures [to long-term 

change] … People complain that qual-

ity costs money, but if they really want 

to see how expensive things can be, 

they should try a consent decree.”

Developing and following 
written procedures
The lack of written procedures and/or 

a quality unit is another frequent in-
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fraction identified in warning letters. 

From October 2016 through September 

2017, FDA issued more than 400 FDA 

483 observations for a lack of written 

procedures or written procedures that 

were not fully followed (10). 

Written procedures are key to a ro-

bust quality program, according to 

FDA and industry experts. FDA be-

lieves that the “most effective quality 

assurance (and compliance) strategies 

begin with robust internal procedures 

to adequately design and maintain a 

robust operation, and that can quickly 

identify and correct manufacturing 

problems when they occur.” 

What are best practices for devel-

oping written procedures for GMPs? 

While the agency does not endorse 

one particular approach to develop-

ing written quality procedures, FDA 

notes that these procedures should “be 

written to effectively communicate to 

the users of the procedure. FDA rec-

ommends that the style and format of 

procedures be accessible to users, as 

well as ensuring adequate coverage of 

its purpose. We recommend that the 

effectiveness of a procedural training 

program be evaluated to ensure that 

personnel learn and can follow the 

procedures as intended.” 

The trend in a failure to have written 

procedures is disturbing, according to 

Schniepp. She suggests that outsourc-

ing quality, especially for start-up com-

panies, may add to this problem. She 

questions whether outsourcing compa-

nies have the processes and procedures 

in place to handle new products. A ro-

bust sharing of information between 

client and contract manufacturing 

organization is also key, including 

product and process understanding. 

“We need to also remember that new 

products, particularly in the biotech 

segment of the industry are novel in 

nature so the old way of doing busi-

ness may not be applicable. Whatever 

the reason the industry must focus ef-

fort on making sure there are processes, 

procedures, and written instructions 

in place that support the release of 

product,” Schniepp stresses. 

Having all parties involved in the 

development of written quality proce-

dures is necessary. “Including everyone 

affected by the procedure and writing 

the procedure with their input will re-

sult in streamlined and efficient proce-

dures, which will be easier to maintain 

in the long run,” says Schniepp. 

Standard operating procedures 

(SOPs) written by people not familiar 

with the specific operation can cause 

disconnects, according to Lynch. “The 

best way to assure adequate SOPs is to 

sit down with people most familiar 

with operations and map out the pro-

cess steps and handoffs. This can be 

contin. on page 60
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of the API release, but also targeting 

of where that release occurs.” He adds 

that when considering OSD forms, con-

trolled-release formulations can refer to 

various types of sustained-release or tar-

geted (delayed)-release profiles. 

Making the right excipient choice
Several factors must be considered when 

selecting specific excipients for con-

trolled-release formulations, according 

to Chhanda Kapadia, technical man-

ager, IMCD. Dosage form type and de-

sign need to be considered along with the 

solubility of the API to ensure that the de-

sired dissolution profile can be achieved 

with a given excipient, and/or that a good 

in vitro-in vivo correlation is obtainable. 

Issues that relate to patient compliance 

and safety should also be considered, 

according to True Rogers, technologies 

leader at Dow Pharma Solutions. 

Ethylcellulose remains the polymer of 

choice in multi-particulate drug delivery 

systems with or without an additional 

coating platform, the use of which is de-

pendent on the characteristics and dosage 

form type of the drug, according to Bren-

nan. Methacrylate polymers are broadly 

used in delayed-release dosage forms 

and also provide gastro-resistant func-

tionality. In monolithic delivery systems, 

hydroxypropyl methylcellulose (HPMC) 

continues to be the excipient of choice, 

although the use of two-polymer ma-

trix systems is growing. “This approach 

can provide unique synergies and enable 

fine-tuning of the drug release pattern via 

modification of polymer entanglement 

and matrix texture,” Muça explains. 

The key for pharmaceutical formula-

tors, concludes Rogers, is to have proven 

and flexible polymers such as cellulosics 

along with knowledgeable partners that 

can help provide solutions to formulation 

challenges. 

Many APIs with unique 
formulating challenges
Formulators can, in fact, face many chal-

lenges—from achieving desirable dissolu-

tion and release profiles for poorly soluble 

drugs to risk management of dose dump-

ing to the selection of biocompatible ma-

terials with the desired controlled-re-

D
emand for controlled-release for-

mulations is expanding as patients’ 

expectations for greater convenience 

are increasing. Extended-release products 

have reduced dosing frequencies, which 

are particularly beneficial for pediatric 

and geriatric patients, but are appre-

ciated by most patients and in general 

lead to improved medication adherence 

(1). Reformulation of branded drugs in 

controlled-release formats is one of the 

most common methods for extending the 

product lifecycle. Generic drugs are also 

often formulated with controlled-release 

properties (2).

Controlled-release behavior can be 

achieved using polymer coatings on solid 

dosage forms or by the incorporation of 

various types of polymer matrix systems, 

enzyme-activated systems, or systems that 

respond to changes in physical conditions 

within the formulation. Mechanisms 

include dissolution, diffusion, osmotic 

pressure, maintaining a hydrologic or hy-

drodynamic balance, and ion exchange. 

Newer approaches are currently being 

developed based on nanotechnology and 

novel matrix technologies and include 

gastro-retentive drug delivery for con-

trolled release, buoyant systems, and mu-

coadhesive systems for regulated release 

of anti-viral medications (1,2).

Excipients are key ingredients in con-

trolled-release formulations. They act 

as matrix formers in matrix delivery 

systems and as polymeric membranes 

for drug powders and multi-particu-

late systems in oral solid dosage (OSD) 

forms, according to Bujar Muça, techni-

cal product manager, IMCD. Plasticizers 

and pore formers impact drug release in 

coated products, and, often, two-polymer 

chemistries are used to provide tailored 

drug release. In oral liquid products, ex-

cipients can also provide taste masking 

and protection for the gastric mucosa, 

he adds. In specific cases, excipients can 

provide abuse deterrence and aid in the 

avoidance of alcohol-induced dose dump-

ing, according to Evonne Brennan, tech-

nical marketing manager at IMCD. 

“Ultimately,” says Shawn Branning, 

strategic marketing leader for controlled 

release at DuPont Nutrition & Health, 

“excipients that provide controlled-re-

lease characteristics to oral solid dosage 

forms allow not only control of the rate 

With the right excipients, formulators can 

control when, where, and how an API is released.

Cynthia A. Challener

Selecting 
Excipients 
for Controlled 
Release

Controlled-Release Excipients

Cynthia A. Challener is a contributing 

editor to Pharmaceutical Technology.
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lease properties (1). Controlled-release 

products also require high API dosages, 

which can in some cases be difficult to 

formulate into the desired dosage forms 

with acceptable properties (2). 

Newer APIs present some unique 

formulating difficulties, according to 

Rogers, such as small therapeutic win-

dows or sensitivity to certain pH envi-

ronments. On the other hand, formu-

lating controlled-release alternatives 

to already-marketed products can be 

challenging if it is necessary to select 

different polymer chemistries and excip-

ients to avoid patent infringement issues, 

according to Lies d’Olieslager, technical 

product manager, IMCD. Consistently 

matching the drug release profile, the 

scale-up of controlled-release coating 

processes (which requires extensive pro-

cess knowledge), the curing of aqueous 

coating systems—particularly under 

dynamic conditions—and resistance to 

ethanol-induced dose dumping are addi-

tional challenges, she adds. 

“Controlled-release excipients are 

excellent solutions to these particular 

challenges,” Rogers asserts. For instance, 

he notes that some excipients can now 

offer dual functionality, both controlling 

the release of the API and providing in-

creased solubility to poorly soluble APIs. 

Understanding polymer chemistry and 

exploring synergies are also important 

to overcoming these difficulties, accord-

ing to Brennan. “Formulator experience 

is crucial; with movement of personnel, 

the loss of expertise can impact develop-

ment times in an already costly process,” 

she says. 

New excipient options
Given that excipients are key ingredi-

ents in controlled-release formulations, 

it may seem surprising that excipient 

choices are somewhat limited, partic-

ularly for certain patient populations, 

notably children. Suppliers are develop-

ing “novel” excipients that may provide 

solutions and support to move existing 

formulations into new areas, according 

to Mary Tanenbaum, technical manager, 

IMCD, but excipients do not have their 

own approval pathway. “Pharmaceutical 

companies are hesitant to take on the re-

sponsibility of toxicology and clinical tri-

als with an untested material and run the 

risk of jeopardizing approval of their new 

drug applications,” Tanenbaum observes.

Most new excipients, therefore, are 

modifications or combinations of previ-

ously approved excipients. For instance, 

Muça points to granular Carbopol devel-

oped by Lubrizol to address flowability 

issues in direct-compression processing 

of matrix delivery systems. The Dow 

Chemical Company has also developed 

and commercialized Methocel DC2, a 

more flowable morphology of HPMC for 

streamlined direct-compression manu-

facture of modified-release matrix tablets, 

according to Rogers. In addition, custom 

grades of Benecel HPMC from Ashland 

fill a gap in HPMC polymer choice for 

matrix systems, providing formulators 
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with more predictable release profiles and 

reducing batch-to-batch variability previ-

ously observed due to HPMC blending, 

according to Brennan.

Meanwhile, FMC Health & Nutrition, 

now part of DuPont Nutrition & Health, 

has promoted the use of surfactants for 

in-situ curing while coating with Aqua-

coat ECD, a 30% by weight aqueous dis-

persion of ethylcellulose polymer. “This 

pseudolatex dispersion has advantages 

over solvent systems because it has a 

high-solids content with low viscosity, 

and thus a shorter processing time,” notes 

Engin Sari, technical product manager, 

IMCD. DuPont has also developed a 

coating with a robust sustained-release 

profile in the presence of alcohol that 

helps formulators create products with 

resistance to alcohol-induced dose dump-

ing, he adds. Aquacoat ARC is a blend of 

Aquacoat ECD and guar gum in an aque-

ous system for multi-particulate drug de-

livery systems. 

Collaboration is essential 
to finding solutions
IMCD represents a wide portfolio of 

products and continually pursues a train-

ing program covering excipient function-

ality to ensure ongoing knowledge trans-

fer, according to Brennan. “Engaging 

with formulators to review any challenges 

they face is key to successful development 

of solutions. Continued education is also 

fundamental; excipient manufacturers 

regularly provide information on prod-

uct functionality, product consistency, 

and product variability, and we need to 

stay up-to-date,” she comments. 

As an industry group, the Controlled 

Release Society provides a forum for net-

working and the development of connec-

tions within other formulation groups. It 

does not provide an avenue for the dis-

cussion of intimate formulation details, 

however, which remains challenging, 

according to Brennan. “Using confiden-

tiality agreements is one approach, but 

these take time. Good relationships with 

development teams, therefore, continue 

to be of primary importance,” she says.

Excipient manufacturers need to work 

side-by-side with drug product manu-

facturers as early as possible in the drug 

product development process in order to 

not only identify the issues, but to miti-

gate the impact of the issues proactively, 

agrees Rogers. He adds that excipient 

manufacturers must understand every 

detail of their processes and polymers 

in order to achieve the best solutions for 

their customers. 

“Dow Pharma Solutions works closely 

with our customers to understand their 

specific needs, and, over time, we have 

developed new solutions to meet con-

trolled-release formulation challenges 

as they have arisen,” Branning remarks. 

“Partnering with our customers not only 

helps us in suggesting the right solutions 

for their formulations, but also helps 

drive our development of new excipi-

ents to meet the ever-changing needs of 

the market. We have found this type of 

partnership to be the best strategy for ad-

dressing the challenges faced by the phar-

maceutical market today,” he concludes.

Combining businesses for innovation
The Dow Chemical Company has also 

been busy combining different busi-

nesses to expand its excipient offerings 

to the broader market. The excipient 

portfolios of The Dow Chemical Com-

pany, DuPont, and FMC’s Health & Nu-

trition division will be combined when 

the three businesses are merged to form 

DuPont Nutrition and Health. “The new 

company will have the expert teams from 

all three businesses working together and 

with customers and channel partners to 

understand their needs and unresolved 

challenges as well as provide unique com-

bination solutions,” Branning says.
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US and EU Talk Inspections, Generics, and Advanced Therapies at Bilateral Meeting

The European Medicines Agency (EMA), senior officials from the European Com-

mission (EC), and FDA held a bilateral meeting in Brussels, Belgium on June 18–19, 

2018 to discuss ongoing cooperative initiatives and strategize future collabora-

tion, part of the European and US partnership to collaborate regulatory efforts.

Discussion included progress of the EU–US mutual recognition agreement 

(MRA) on GMP inspections; EMA reported that plans for the MRA to be operational 

in all EU member states are on track for July 15, 2019 (1).

The agencies also agreed to support the development of advanced therapies, 

including gene and cell therapies, and encourage sharing of early parallel scien-

tific advice. The groups also agreed to develop common scientific approaches on 

the regulation of these emerging medicines to facilitate preclinical and clinical 

development and to optimize data collection on these medicines after authori-

zation, EMA stated.

The agencies also discussed streamlining the approval of generic and hybrid 

drugs with EMA stating that understanding the legal, regulatory, and scientific 

requirements was important to both sides. 

The agencies also agreed to collaborate on real-world evidence (RWE) for 

post-authorization monitoring of medicines to take advantage of each other’s 

expertise, experience, and data. EMA and FDA will exchange information and 

work together on methodologies to optimize use of RWE, the agencies report.

While EC/EMA stated a commitment to continue cooperation on such ini-

tiatives, they noted that activities planned in the next couple of years may be 

impacted by EMA’s business continuity needs during and after its relocation to 

Amsterdam, EMA stated.

Reference
1.  EMA, “Reinforced EU/US Collaboration on Medicines,” Press Release, June 

22, 2018.
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M
ammalian cell lines, particu-

larly Chinese hamster ovary 

(CHO) cell lines, have become 

the standard expression systems for 

the production of biologic drug sub-

stances from recombinant proteins to 

more complex monoclonal antibod-

ies (mAbs). CHO cells have played a 

significant role in the manufacture of 

revolutionary drugs for the treatment 

of many diseases, and their use is still 

the focus of major investment among 

biopharma companies worldwide, ac-

cording to Barry Holtz, president of 

iBio. Although the standard, they do 

possess limitations that need to be 

addressed as the biopharmaceutical 

industry evolves to meet government, 

payer, and patient expectations for 

cost-effective, safe, and efficacious 

medicines. In addition, conventional 

mammalian cell lines may be inap-

propriate for the production of next-

generation medicines such as bi/multi-

specific antibodies and gene and cell 

therapies. 

Mammalian drawbacks
High cost and long development time-

lines are two major drawbacks of con-

ventional expression systems, accord-

ing to Mike Laird, senior director and 

principal scientist for process develop-

ment at Genentech. These systems also 

have the potential for low expression 

levels for some novel protein structures.

The biggest issue, asserts Holtz, is 

the time involved in the development of 

mammalian expression systems. “Tra-

ditional mammalian cell-based systems 

require the development of stable cell 

lines that perform well, which requires 

the completion of multiple evaluations 

in small reactors over several months. 

While the product is well-characterized 

at that point, scale up to larger reactors 

is often needed, and the environmen-

tal changes in bigger vessels, whether 

single use or stainless steel, can impact 

the post-translational modification of 

the protein, which can cause problems 

and delays in the business timeline. At 

each step, the protein must be exten-

sively characterized to assure efficacy 

and potency. All of this effort adds sig-

nificant expense as well.”

Therapeutic protein production 

using CHO is expensive, agrees Mark 

Emalfarb, founder, CEO, president, 

and director of Dyadic International. 

“Mammalian expression systems re-

quire costly upfront investments in 

manufacturing facilities and high ma-

terial and production costs. In addition, 

CHO expression entails a relatively low 

mAb yield (low-single-digit g/L/d) and 

a long cycle time. Furthermore, CHO 

cell lines typically require two viral 

purification steps, which are not nec-

essary for some alternative systems, 

such as the Myceliophthora thermophila
(C1) fungal system we are developing. 

C1 has no viruses and thus the need for 

those purification steps is eliminated,” 

he observes.

Another important issue relates to 

the fact that the current generation of 

mammalian expression systems has not 

seen the complex, non-natural protein 

formats currently found in discovery 

and thus their synthesis, folding, and 

secretion machinery has not evolved 

to handle such proteins, according to 

Andy Racher, associate director of fu-

ture technologies at Lonza Pharma & 

Biotech. “These systems have limited 

ability to produce these new proteins 

with clinically relevant attributes and in 

clinically relevant amounts,” he notes. 

In addition, many new proteins contain 

three or four rather than one or two dif-

ferent polypeptides, and current expres-

sion vector formats are challenged by 

these new protein heteromers.

“It is time to realize the limitations 

of CHO and look beyond it to explore 

newer and potentially more efficient 

Cynthia A. ChallenerCynthia A. Challener

The Search for Next-Gen 
Expression Systems

Expression Systems

Biopharma seeks alternatives that meet the 

needs for next-gen biologic drug production.

Cynthia A. Challener, PhD, is a 

contributing editor to Pharmaceutical 

Technology.
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drug development and production 

methods,” asserts Emalfarb.

Engineering solutions
As the need to make biologic drugs 

more accessible and affordable to pa-

tients increases, the industry is ramp-

ing up its investigation of other manu-

facturing methods. The drawbacks of 

mammalian expression systems are 

also driving the exploration of new and 

alternative technologies to move many 

next-generation biologic drug candi-

dates through later development stages.

A number of “new” technologies will 

become more routine as the demands 

for new “designed” proteins strain the 

capabilities of conventional CHO cell 

systems, according to Holtz. One im-

portant approach is the engineering of 

new mammalian cell lines using new 

genetic editing technologies and the 

innovative design of gene constructs 

to optimize yields. He also notes that 

techniques to evaluate libraries of cell 

lines will help optimize expression and 

yield. 

Lonza, for instance, has developed a 

suite of multigene vectors where three, 

four, and possibly more different genes 

can be easily inserted into a single 

expression vector. “By putting all the 

genes into a single vector, all genes are 

ensured of being inserted into a tran-

scriptionally active locus in the genome 

and being transcribed at high levels,” 

Racher says. 

There are also efforts to develop 

entirely different expression systems 

based on plants, baculovirus, bacteria 

(such as Pseudomonas in the Phoenix 

system), and yeast, many of which have 

already been demonstrated to get pro-

teins to the clinic and licensure, accord-

ing to Holtz. 

“In the not-too-distant future, it is 

likely that drug companies will evalu-

ate two or more expression systems si-

multaneously as a routine best practices 

approach in early stage development,” 

he comments.

Plant-based option
iBio’s plant-based system offers rapid 

evaluation of protein expression at a 

very low cost, according to Holtz. Be-

cause vectors are used to transfect the 

plant leaf cells, multiple constructs can 

be evaluated in parallel. Once infected, 

the plants produce the required pro-

teins in less than seven days. At that 

point they are harvested, homogenized, 

and a clarified protein extract is ready 

for traditional protein separation and 

purification. In addition, scale-up is 

seamless and reproducible; each 10-g 

plant is an individual bioreactor, so 

it is only a matter of growing more 

plants and there are no issues around 

changes in protein structure or post-

translational modification, according 

to Holtz. He also notes that plant bio-

reactors are grown with no human or 

animal-derived materials and are not 

handled at any time by humans, which 

eliminates the chance that mammalian 

adventitious viruses will be present.
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“Production of plant-made biolog-

ics been scaled-up by several compa-

nies in new facilities that can produce 

hundreds of kilos of mAbs and other 

therapeutic proteins per year. Success-

ful antibodies (cancer vaccines and oth-

ers) and other therapeutic proteins such 

as enzyme replacement therapies have 

been successfully taken to advanced 

clinical trials and some to licensure. In 

all cases, there have been no reports of 

adverse events associated with produc-

tion of therapies in plants,” Holtz states. 

iBio grows 2.2 million plants con-

tinuously at its Texas facility and 

has worked with a variety of clients 

to produce mAbs, fusion proteins, 

antibody-drug conjugates, and vac-

cines, including virus-like particles 

(VLPs). “We have invested in increased 

product and process facilities and a 

cGMP-compliant pilot plant that—

coupled with our large-scale manu-

facturing facility—assures clients that 

they can develop their protein through 

clinical trials and then be supported for 

the commercial launch of their prod-

ucts,” says Holtz. iBio will also transfer 

the technology to clients if they want to 

build and operate their own facilities. 

Fungal developments
Emalfarb believes that the C1 fungal 

expression system may one day be a safe 

and efficient approach to speeding up 

the development, lowering the produc-

tion costs, and improving the perfor-

mance of vaccines and biologic drugs 

at flexible commercial scales.

Dyadic’s Cl gene expression platform 

is based on technology originally devel-

oped for industrial biotech applications, 

such as biofuel and enzyme production, 

and sold to DuPont for $75 million in 

December 2015. The genetically modi-

fied strain of Myceliophthora thermoph-
ila is designed to produce enzymes and 

other proteins at a rapid rate. The com-

pany retained the rights to apply C1 to 

human and animal biopharma applica-

tions and has been investigating its use 

for the production of mAbs with hu-

manized glycostructures; non-glycosyl-

ated mAbs, antibody fragments, FC fu-

sion proteins, next-generation biologics, 

and other therapeutic proteins for which 

glycosylation structures are undesirable; 

and antigens, vaccines, and VLPs.

“We are applying the power of an in-

dustrially proven gene-expression sys-

tem that has been used by the likes of 

Abengoa, BASF, Dyadic, DuPont, and 

Shell Oil, among others, to produce in-

dustrial enzymes and proteins at greater 

than 100 g/L of total protein at up to 

80% purity (80 g/L) at commercial scales 

greater by 25 times (500,000-L scale) or 

more than some of the largest CHO bio-

reactors (12,000-L scale) in one-half to 

one-third the time,” Emalfarb explains, 

noting that there is still room for yield 

improvement with C1. He adds that 

Dyadic has to date achieved a produc-

tivity for mAbs of 9 g/L in 90 hours or 

a 2.4 g/L/d production rate, which can 

be compared to 4 g/L in 336 hours or a 

0.30 g/L/d for typical CHO processes, 

an eight-fold improvement.

Emalfarb notes that the media cost 

for C1 is a fraction of that for CHO, 

there is no need for viral inactivation, 

and C1-expressed proteins are secreted 

from the cells in a purer form than 

those produced by CHO cells so are 

likely to be quicker and easier to purify. 

Dyadic is currently working with 

pharmaceutical companies that are re-

searching its C1 platform to speed up 

the development and lower the cost of 

biologics, enable the development and 

commercialization of genes that are 

difficult to express at reasonable yields 

in CHO and other cell lines, and apply 

C1 for the production of larger quanti-

ties of proteins earlier in discovery and 

development. The company and its 

partners are also investigating the pos-

sibility of getting difficult-to-express 

genes that have potential as new and 

novel cures—but have been shelved due 

to lack of expression into the clinic—in 

a commercializable and affordable way, 

according to Emalfarb.

New yeast platform
In late 2017, Lonza introduced a new 

yeast-based expression system for the 

production of next-generation biolog-

ics. Its XS Pichia 2.0 Expression and 

Manufacturing Platform, based on Pi-

chia pastoris, was designed to combine 

the best features of bacterial and mam-

malian systems in one system: fast and 

easy strain development and robust and 

rapid fermentation combined with a 

highly pure secreted product for a sim-

ple downstream processing, according 

to Christoph Kiziak, research and tech-

nology lead for microbial technology at 

Lonza Pharma & Biotech.

“The driving force was to rethink the 

whole production strategy for producing 

proteins to circumvent the main bottle-

necks of bacterial systems (e.g., intra-

cellular production, endotoxin), CHO 

systems (e.g., time-consuming, viral 

clearance), and yeast systems (e.g., use 

of methanol, hyperglycosylation), while 

maintaining the use of Pichia due to the 

general advantages and regulatory ac-

ceptance of this yeast cell,” Kiziak says.

The “auto-inducible” setup of the 

new system makes it convenient for 

high-throughput clone screening, 

which results in highly pure material 

for preliminary quality analysis of the 

product at an early time point. 

In addition, fermentation develop-

ment follows a product-specific model-

based approach, which allows yeast fer-

mentations to be performed in two to 

three days with a high volumetric pro-

ductivity, according to Kiziak. It can 

also be expanded by an in-silico model 

for process productivities over a wide 

production window. “This predictive 

model allows us to take into account 

production plant and process-specific 

limitations at any stage of development 

and provides high flexibility and qual-

ity for later production,” he explains.

The methanol-free process also 

avoids the negative impact on cell vi-

ability and product quality of the com-

monly used AOX1 system, according to 

Kiziak. There is no need for explosion-

proof facilities and the lower oxygen 

transfer rates compared to the AOX1 

system provide additional flexibility re-

garding production plant requirements. 

There is also no need for endotoxin or 

viral clearance testing. 

Furthermore, the product is secreted 

into the culture supernatant, where the 

minimal medium together with the low 

Expression Systems
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host-cell protein background provides 

an ideal starting point for an efficient 

downstream process. 

To date, Lonza has focused on pro-

ducing multispecific novel antibody 

mimetics from various sources using 

the XS Pichia 2.0 and has achieved 

productivities of more than 2 g/L 

per day. The company is working to 

make the system even more customer 

friendly and easy to apply and to refine 

the model-based approach in order to 

improve the accuracy of the prediction 

of fermentation processes. Additional 

promoters with different strengths and 

induction profiles are also being devel-

oped to allow the tuned expression of 

helper factors, auxiliary proteins, het-

eromeric products, enzyme cascades, 

etc., which will expand the applicabil-

ity of the XS Pichia 2.0 in the future, 

according to Kiziak.

Mammalian best approach for now
Regardless of the technology, there is a 

general acceptance that existing mam-

malian expression technology can no 

longer meet the needs of the biophar-

maceutical industry. “One way to make 

healthcare more accessible and afford-

able to patients could be changing the 

cell lines we use for manufacturing,” 

Emalfarb observes. “Our goal is to bring 

affordable medicines to more patients, 

in addition to improving processes to 

develop new treatments,” he adds.

The industry isn’t there just yet, how-

ever, according to Laird. “At this time, we 

are not aware of novel expression technol-

ogies appropriate for commercialization 

of next-gen biologics with significantly 

reduced costs, timelines, or complex-

ity that can also ensure consistent post-

translational modifications such as gly-

cosylation. Although some new complex 

molecules could be harder to express 

using current or conventional mam-

malian expression systems, we think 

these systems are and will be the best 

approaches to express proteins for thera-

peutic purposes for the foreseeable future, 

especially given the vast knowledge from 

current advances in genome sequencing 

and CRISPR [clustered regularly inter-

spaced short palindromic repeats] gene-

editing technology that can be used to 

modify these conventional mammalian 

expression systems,” he explains. 

“With that said, we are very open to 

evaluating novel expression systems 

and will feverishly pursue new tech-

nologies as they become available,” 

Laird asserts. “We all have the same 

goal of delivering medicines to patients 

as quickly and efficiently as possible,” 

he concludes.

Genentech is currently focused on 

the development of targeted integration 

mammalian cell lines to enable faster, 

more consistent medicine development 

with higher productivities. To date, en-

gineered host-cell lines to optimize per-

formance, increase productivity, ensure 

product quality, increase the ability to 

produce complex formats, and decrease 

timelines have been achieved, accord-

ing to Laird. PT
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S
mall-molecule drugs in oral solid-dosage forms are 

considered the first line of defense in treating diseases 

of the gastrointestinal (GI) tract, which affect millions 

of patients around the world each year. A number of 

patients, however, either do not respond to these drugs or 

experience side effects from these drugs.  

Macromolecular drugs, such as peptides, proteins, and 

antibodies, offer a newer class of drugs that can treat dis-

eases of the GI tract, such as inflammatory bowel disease 

(IBD). These drugs have demonstrated improved efficacy 

and represent a new paradigm of treatments for IBD.

Macromolecular drugs are usually injected subcutane-

ously or intravenously, and only a fraction of the admin-

istered dose reaches the disease sites in the GI tract. There 

has been tremendous amount of research to capitalize on the 

potential benefits of oral delivery macromolecular drugs, 

which include:

• Better patient acceptance and adherence

• More convenient dosing, including patient self-dosing

• An improved therapeutic profile. 

This article reviews current treatment options, analyzes 

the knowledge and technology gaps that have prevented 

development of more oral macromolecule dosage forms so 

far, and discusses some approaches that are being tried and 

could be used in the future to overcome these gaps.

Inflammatory bowel disease (IBD) is a chronic inflamma-

tion of the gastrointestinal (GI) tract that is mediated by the 

host immune system and is prevalent in Western countries 

(1, 2). In Europe alone, approximately three million indi-

viduals are estimated to have IBD (3). 

IBD can be subdivided into two types: Crohn’s disease 

and ulcerative colitis. Inflammation seen in Crohn’s dis-

ease spreads deep into tissues and involves the small intes-

tine, large intestine, or both. Patients with Crohn’s disease 

may have multiple, non-continuous areas of inflammation. 

Therefore, the drugs must be available at different points 

in the GI tract. 

Ulcerative colitis causes inflammation in the innermost 

lining of the large intestine and rectum. Treating patients 

with ulcerative colitis requires drugs that are protected and 

released in the distal portion of the GI track. IBD patients 

Macromolecular drugs are typically injected, 

but oral dosage forms are being developed 

to improve the treatment of gastrointestinal 

conditions such as inflammatory bowel disease.
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suffer from mild to severe symptoms comprising diarrhea, 

abdominal pain, malnutrition, and an increased risk of 

colorectal cancer development. 

In-vitro and in-vivo IBD models 
IBD pathogenesis is multi-factorial; therefore, current in-
vitro as well as in-vivo experimental models attempt to 

address each of the critical elements associated with IBD. 

Various in-vitro cell-based models are available to mimic 

the human intestinal mucosa by simplifying the physiologi-

cal complexity and, thus, allowing the controlled analysis 

of discrete cell-cell or cell-molecule interactions. Static cul-

tures of intestinal epithelial cells (IECs) are made of one or 

more cell lines that originate from human colon carcinoma 

(e.g., enterocyte-like Caco-2 or goblet-like HT29). A more 

complex 3D co-culture model mimics the intestinal barrier 

through a co-culture of IECs with immune cells such as 

macrophages and dendritic cells (4). The addition of pro-

inflammatory mediators leads to an inflammatory micro-

physiological environment with impaired epithelial barrier 

function and immune cell activation. 

3D modeling of stem cell cultures
Another approach to study IBD conditions is the near-physi-

ological 3D model of epithelial organoid cell (EpOC) culture 

derived from isolated human intestinal stem cells. As an 

important bridge between the traditional 2D cell cultures 

and in-vivo animal models, EpOCs could serve as a platform 

with which to screen various therapies for a personalized 

medical application.

Because the gut microbiota of IBD patients is altered 

regarding composition and metabolic activity, the newer 

model has been developed to analyze the interaction of 

potential therapeutics with gut bacteria. The simulator of 

human intestinal microbial ecosystem (SHIME) is a dy-

namic in-vitro model used to study of the entire GI tract 

comprising diverse microbial communities. 

The pathogenesis and etiology of human IBD have been 

studied in various animal models that reflect the complex-

ity of the whole organism (5,6). The most widely used ani-

mal model, dextran sodium sulfate (DSS) colitis model, is 

characterized by a loss of epithelial barrier function and 

the subsequent entry of luminal bacteria into the mucosa.

Factors that affect drug targeting of the colon can be gen-

eralized into pre- and post-absorption challenges (5). Typi-

cal pre-absorption challenges include the avoidance of drug 

absorption and/or degradation in the upper gastrointesti-

nal tract, absorption surface area, mucosa permeability, bile 

contents, presence of food, and specialized structures such 

as the Peyer’s patches and lacteal ducts. Post-absorption fac-

tors to be considered include potential enzymatic degrada-

tion existing in the gut wall and the hepatic first-pass effect. 

Inter-population differences in gastric functioning and 

physicochemical characteristics of gastric fluids also impacts 

drug disposition further down the GI tract (6). Physiological 

variations such as differences in the transit time, luminal pH, 
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Figure 1: Physiological differences between gastrointestinal (GI) tracts of healthy and inflammatory bowel disease (IBD) patients.
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and microbiome in healthy populations versus IBD patients 

also influence oral drug absorption (Figure 1) (6,7). 

IBD and unmet medical need
To date, no cure for IBD exists, and, in severe cases, surgi-

cal intervention is inevitable. There is an unmet medical 

need for novel drugs, and more specific anti-inflammatory 

approaches, to treat refractory or intolerant IBD patients. 

Several therapeutic strategies are currently available to 

reduce the intestinal inflammation, each one targeting a dif-

ferent site in the GI tract (Table I) (8 –10). Classical treatments 

for IBD include the use of anti-inflammatory and immu-

nomodulatory drugs such as mesalazine, aminosalicylates, 

corticosteroids, antibiotics, probiotics, and immunosuppres-

sants such as cyclosporines (8, 9, 11). 

Biological therapies have also been developed to target 

specific IBD pathways. Monoclonal antibodies may be used, 

for example, to block, selectively, such pro-inflammatory 

cytokines as tumor necrosis factor-α (TNFα). In addition, 

anti-cell-adhesion antibodies such as integrin blockers may 

be used to help inhibit lymphocyte migration to the gut. 

However, these biological agents are not effective for all pa-

tients with IBD and may increase the risk of infection and 

the potential for immunogenicity. 

A newer strategy focuses on inhibiting signaling by using 

small molecules to transport Janus kinase (Jak) inhibitors, 

which can block numerous key cytokines associated with 

IBD, simultaneously. Unfortunately, these new treatments 

pose safety questions. Clinical trials are currently exploring 

more selective targeting of single Jak inhibitors, for exam-

ple, using RNA interference (RNAi) via synthetic siRNA, to 

downregulate Jak expression in a specific manner. Advanced 

drug-delivery strategies are indispensable to successfully 

deliver siRNA to the target tissue or cells.

So far, FDA has approved two anti TNFα antibodies, Inf-

liximab and adalimumab, to treat moderate-to-severe active 

Crohn’s disease or ulcerative colitis. Because they are biolog-

ics, both drugs are administered by injection. Infliximab 

requires intravenous infusion on weeks zero, two, and six, 

and then every eight weeks. Adalimumab is administered 

as a subcutaneous injection on Days 1, 15, and 29, then 

every other week. Both treatments pose the risk of adverse 

effects (12). Ustekinumab is another monoclonal antibody 

indicated for the treatment of moderate to severe Crohn’s 

disease, which targets IL-12 and IL-23 cytokines. The initial 

dose is administered as an intravenous infusion and is fol-

lowed by maintenance therapy of a subcutaneous injection 

every eight weeks. 

Oral delivery of macromolecule drugs
Being able to deliver macromolecular IBD treatments orally 

would improve patient experience, avoid systemic exposure, 

and increase drug presence at disease sites. However, main-

taining stability and activity in the GI is a significant chal-

lenge. So far, in studies that have evaluated the potential for 

oral delivery (13 – 16), considerable variability has been seen 

in the recovery, stability, and activity of orally administered 

macromolecules. 

Clinical trials of target oral therapies for IBD have also 

shown insufficient results. One case in point is Mongersen 

(GED0301), a 21-base single-strand antisense oligonucleotide 

that complexes to Smad7 mRNA to cause degradation via 

the classical antisense pathway (17) to restore the function 

of TGF-β1’s anti-inflammatory actions. The compound was 

tested in modified-release film-coated tablets using meth-

acrylic acid-ethyl acrylate copolymers as a pH-dependent 

coating. The target treatment areas were the lumen of the 

terminal ileum and right colon. However, results were incon-

clusive, and clinical trials were discontinued in October 2017. 

Another compound undergoing clinical trials is AVX-

470, a novel polyclonal anti-TNF antibody candidate isolated 

from bovine colostrum, whose in-vitro activity is similar to 
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Table I: Target sites of enteric coated marketed drugs used to treat irritable bowel disease.

Target site release

Drug Enteric coating polymer Duodenum Ileum Colon Rectum

Mesalazine (Asacol®) Eudragit S

Mesalazine (Asacol® HD) Eudragit S, Eudragit L

Mesalazine (Salofalk®) Eudragit L, Eudragit E

Mesalazine (Salofalk Granu-Stix®) Eudragit L100, Eudragit NE40D

Mesalazine (Claversal®) Eudragit S

Mesalazine (Pentasa®) Ethylcellulose microgranule

Beclomethasone (Clipper®) Eudragit L 100-55

Budesonide (Entocort® EC) Eudragit L
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that of  infliximab (13). Disease severity was reduced when 

the murine version (AVX-470m) was orally administered in 

mouse models of IBD. Minimal systemic exposure was seen 

in mouse models. 

A Phase I placebo-controlled study in 36 ulcerative colitis 

patients assessed the safety, pharmacokinetics, immunoge-

nicity, and efficacy of four weeks of treatment (18). Clinical 

response was seen in 25.9% of patients and only treated with 

the candidate therapy, compared to 11.1% of the patients 

who received the placebo.

Formulation and dosage-form considerations
In addition to addressing stability, to ensure that the drug 

remains in the GI tract long enough to be effective, targeted 

delivery to the colon is the greatest challenge for develop-

ing oral therapies for IBD. Most current approaches use an 

enteric coating system to protect the drug and only release 

it at target sites. However, each IBD patient has a different 

disease profile, so a formulation that, for example, releases 

in the colon will not help a patient whose IBD affects the 

small intestine.

Ensuring sufficient residence time in the GI tract will 

require use of a toolbox of technologies and approaches that 

are designed to enhance the predictability and reproduc-

ibility of targeting of the drug in the colon. 

Use of pH-sensitive polymers. Once the macromolecule is 

exposed to the environments of the small and large intestines, 

proper formulation and dosage form design can help ensure 

that it retains activity. One formidable challenge is to protect the 

macromolecule from the acids that are secreted by the stomach 

until the dosage unit reaches IBD sites in the intestines. 

Use of a coating system can help 

control the release the macromol-

ecule at specific pH points. One 

of the approved therapies for IBD, 

the small molecule, mesalazine, 

use different grades of Eudragit 

polymers to achieve specific release 

profiles. Even though this example 

is a small molecule, the principle of 

using coatings for controlled release 

could also, in theory, work for larger 

molecules, as was shown in clinical 

trials (e.g., for mongersen).

Biodegradable polymers. Biodegrad-

able polymers, known for their low 

toxicity and biodegradability, have 

been extensively used to formulate 

GI tract treatments that target the 

lower GI tract. Within the colonic 

environment, these mostly hydro-

philic polymers can be broken down 

by various bacteria (19) for a con-

trolled release of the drug within the 

colon. These polymers can be combined or used individually 

to modulate the rate of drug release and absorption (19). 

Options include guar gum, pectin, chitosan, chondroitin 

sulfate, galactomannan, and amylose, all of which are cat-

egorized as “generally regarded as safe” (GRAS).

Mucoadhesive systems. Mucoadhesive systems have been de-

signed to increase the time that the formulation is retained 

within the GI wall in order to increase absorption of poorly 

absorbable drugs or improve their topical application (20). 

Some of the better-known mucoadhesive polymers include 

polycarbophils, polyurethanes, and polyethylene oxide. 

Multiparticulate systems. Although most efforts to develop oral 

dosage forms for GI therapies focus on capsules or tablets, this 

approach may not allow the drug to be adequately released 

at all disease sites throughout the small and large intestines. 

Nanoparticle-based delivery
Using multiparticulates, formulating dosage units with dif-

ferent coating systems may be more efficient. The size of the 

pylorus is known to be around 7–8 mm when a patient is 

fasting, decreasing to 2–3 mm after a patient has eaten. Mul-

tiparticulate dosage units smaller than 2–3 mm in diameter 

would be able to leave the stomach, whether the patient was 

in a fasting or fed state.

Nanoparticles. Micro- and nano-particles represent novel 

approaches to localized delivery. Taking advantage of the 

GI tract’s leaky epithelial barrier, these particles tend to ac-

cumulate in inflamed portions of the GI tract, optimizing 

drug delivery. In murine models and first-in-human clini-

cal trials, nanoscale particles were found to accumulate in 

inflamed areas (21).

Figure 2: Pathophysiological changes during intestinal inflammation facilitate particle 

accumulation inside the inflamed tissue. Abbreviations: nanoparticles (NP), intestinal 

epithelial cells (IEC), dendritic cell (DC), macrophage (MΦ), tight junction (YJ).
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Smart delivery of nano-scale systems takes advantage of the 

physiological homing mechanisms to the site of injury and 

inflammation (Figure 2), and nanotechnology is an area of 

intense research and development for GI-tract therapies that 

target the colon (22).

Other options for controlled and targeted release include 

prodrugs, embedding the drug in a matrix, and using os-

motic control for delivery. Ultimately, the choice of delivery 

system depends on many factors, including target product 

profile. Table II lists the pros and cons of a number of avail-

able technologies.

Conclusion
Small-molecule drugs have been the treatment of choice 

for IBD, but a large percent of patient eventually don’t re-

spond the therapy. Macromolecular drugs are a newer class 

of drugs that have improved efficacy and require injection. 

Researchers are studying oral delivery approaches for mac-

romolecular drugs that have better patient acceptance and 

adherence, more convenient dosing, and an improved thera-

peutic profile. Before patients can benefit, researchers must  

address the technology gaps that have prevented develop-

ment of more oral macromolecule dosage forms.
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Table II: Review of conventional and novel approaches for localized delivery. CD is Crohn’s Disease. 

Technology Pros Cons

Coated drug delivery systems
• Simple and inexpensive

• Protects against intestinal environment
• Altered colonic pH in some patients with CD.

Delayed release (time-dependent 

drug release systems)

•  Unaffected by individual differences in pH or intestinal 

bacteria

•  Variation in gastrointestinal transit time may alter site 

of drug release

Prodrug design (microbial triggered) • May reduce drug intolerance • Dependent on intestinal enzymes for activation

Embedding in matrix

•  Degradation of polysaccharide matrix by colonic flora

• Independent of pH, pressure

• Possible higher release rate

•  Altered flora in Irritable bowel disease may affect 

degradation rate and controlled release of active

Osmotic controlled
• Zero order kinetics

• Increased intestinal resorption

• No commercially available products

• Altered motility and water absorption in Irritable bowel 

syndrome. 

Lipid/self micro-emulsifying drug 

delivery systems 

•  Improved oral absorption if systemic therapy is needed

• May protect drug from degradation
• Altered bile secretion and metabolism

Multiparticulates
• Better spatial coverage of the intestinal lumen

• Multiple release rates in single unit
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S
ince the early days of biopharma-

ceutical manufacturing, upstream 

and downstream primary process-

ing have been considered separate 

worlds. There was no profound reason 

for this separation, explains Charles 

Cooney, professor emeritus of chemi-

cal engineering at the Massachusetts 

Institute of Technology (MIT). “It goes 

back to the pre-biotech days of indus-

trial bioprocessing, when the people 

involved upstream were mainly biolo-

gists, microbiologists, biochemists, and 

chemists, and the downstream people 

were usually chemical engineers, be-

cause they were engineering unit pro-

cesses for product recovery,” he says.

Still, these historic disciplinary roots 

have continued to organize and define 

the industry for decades, and the re-

sult has often been isolation, rather 

than integration, Cooney says. More 

recently, however, as financial pres-

sures intensify and interest in continu-

ous biopharmaceutical processing in-

creases, distinctions between up- and 

downstream are starting to disappear. 

“The conversation is no longer split by 

differences in vocabulary and has be-

come much more integrated,” he says. 

Greater integration is also seen, he 

says, in the move to fed batch processes 

(now standard for monoclonal anti-

bodies [MAbs]), perfusion processes 

(standard for therapeutic enzymes and 

more unstable products), and continu-

ous chromatography, enabling, for in-

stance, a continuous capture step using 

a perfusion culture. The industry may 

still be years away from adopting inte-

grated, end-to-end biopharmaceutical 

process control, but it is getting closer. 

Enabling this move has been greater 

acceptance of approaches that had 

already been in use for years in other 

industries. such as food and chemicals. 

FDA’s support of process analytical 

technologies (PAT) helped drive this 

change, says Bob Lenich, life-science 

business director at Emerson Automa-

tion Solutions, but economic pressures 

also play a role. “In the past, pharma-

ceutical manufacturers didn’t have 

to optimize manufacturing, but now 

they do, and they are applying more 

advanced analytics and control to help 

reduce costs,” Lenich says.

Now that automation standards such 

as the International Society of Automa-

tion (ISA’s) S-88 and S-95 (1) have been 

adopted by the pharmaceutical indus-

try, the current focus is on “plug-and-

play” solutions that will reduce the cost 

of automation, says Christie Deitz, en-

gineering manager at Emerson Auto-

mation Solutions. “Equipment vendors 

are looking at unit operations that can 

run continuously, and skids on wheels, 

whether for chromatography, filtration, 

or bioreactors, that they can reconfig-

ure to get to the next run,” says Deitz.  

Emerson, meanwhile, is extending use 

of its flagship DeltaV product, through 

the Discovery platform, into the R&D 

lab, secondary manufacturing, and 

packaging, and automation standards 

are moving from the plant floor to the 

lab and to secondary manufacturing. 

PAT foundations
Enabling this change has been greater 

adoption of PAT, the use of which is 

now widespread in biopharmaceutical 

manufacturing, both upstream and 

downstream. “Even though down-

stream processing is still practiced as 

individual batch processes, the use of 

PAT with those batches is quite stan-

dard,” Cooney says.

Initially, use of PAT was limited to 

monitoring specific culture attributes 

upstream with near-infrared (NIR) 

spectroscopy, or performing transition 

analysis and performance studies with 

ultraviolet (UV) and NIR spectrosco-

Agnes ShanleyAgnes Shanley

Moving Toward 
Unified Process 

Control for Biopharma

Process Control

Traditional barriers between upstream and 

downstream bioprocessing are slowly starting 

to break down, as biopharma embraces more 

advanced analytics and process control.
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pies downstream, but there were chal-

lenges with sensitivity and specificity 

(2), explains José C. Menezes, CEO of 

4Tune Engineering, Ltd.

An important evolutionary step for 

PAT in biopharma came when com-

panies moved from simply monitor-

ing parameters to using PAT for pro-

cess state estimation and to explore 

control opportunities. As Menezes 

explains, multivariate analysis was 

used to provide a complete estimation 

of the bioprocess state over time (e.g., 

a process trajectory during upstream 

cultivation, creating the opportunity to 

define guided sampling and endpoint 

determination strategies). NIR, mid-

infrared (MIR), and Raman spectros-

copy are all being used in this type of 

approach (2,3).

Recently, Menezes says, some man-

ufacturers have begun to use in-situ 

mass spectrometry in multiple attri-

bute methods (MAM), a term coined 

by FDA’s Emerging Technologies Team 

to describe a method that aims to con-

nect process condition-monitoring to 

accurate product quality-control dur-

ing processing. “The ability to use mass 

spectrometry (MS) as a PAT [tool], and 

to aggregate the multiple attributes that 

it can very specifically measure, is a 

real breakthrough,” he says.  

Using new approaches such as 

MAM to monitor product quality at-

tributes, end-to-end, both upstream 

and downstream, will open up new 

uses for PAT in biopharma, Menezes 

predicts. “Not only will it be used ear-

lier in biopharmaceutical development 

to build very fast process and product 

understanding, but to support process 

performance qualification (PPQ, Stage 

2) and the entire commercial lifecycle 

(Stage 3),” he says.

Most biopharmaceutical manufac-

turers are now at a stage where they 

are integrating quality measurements 

(typically spectral measurements) 

inline, so that they know they’re pro-

ducing what they expected to produce, 

and connecting those measurements to 

closed-loop control, says Lenich.  “That 

approach is everywhere,” he says, “but 

the question has now become: Where 

can you take a new measurement that 

you didn’t have inline before, and how 

can you apply that measurement in a 

model to show that the process is work-

ing better?”

Biopharma is also relying more on 

model predictive control (MPC), says 

Deitz, and a number of presentations 

at the International Forum on Process 

Analytical Chemistry (IFPAC) 2018 fo-

cused on this area, which is still rela-

tively new for biopharma. 

“Today, many of our biotech cus-

tomers are using MPC to look at an 

individual unit operation (e.g., a chro-

matography column or a bioreactor 

process),” says Deitz, “and some are 

also using it to synch connected opera-

tions downstream, for example, when 

a chromatography column and a tan-
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gential f low filtration (TFF) skid are 

connected, and a specific liquid level 

must be maintained in the feed tank 

to the filter skid. MPC can help prevent 

disturbances (e.g., a tank overflow or 

insufficient liquid level) from impact-

ing  unit ops down the line,” she says. 

 At this point, MPC is being used 

more widely in secondary than in pri-

mary biopharmaceutical manufactur-

ing to control more straightforward 

processes such as filling and powder 

management, says Lenich. Modeling 

is also being applied to optimize facil-

ity operations. Rather than focusing 

on yield, companies are using MPC to 

examine throughput more closely and 

improve manufacturing, he says.

Modeling downstream biopharma-

ceutical processes remains challeng-

ing, however. “It’s not an easy thing 

to do. You need to know what’s going 

on in the process and you need a good 

understanding of the technology. You 

have to have the right people involved, 

and they need to be taking the right 

kinds of measurements,” says Lenich.

At this point, he says, some crucial 

measurements exist offline in the lab, 

and it may take hours or days to get 

this information. “These data need 

to be moved inline or at line so that 

things can be done in real time,” he 

says, noting that Emerson is collabo-

rating in a BioPhorum Operations 

Group study that is determining what 

kinds of measurements are needed to 

optimize manufacturing and improve 

quality in biologics. 

Having a digital strategy is the key 

to fast, successful biopharmaceutical 

process development, says Cooney, 

who notes that analytics and good 

data are fundamental. “Analytics is 

the vocabulary with which process 

development people communicate 

with each other and regulators, and 

the chemistry, manufacturing, and 

control (CMC) filing is all about this,” 

he says. “What is new is the ability to 

use those analytics more effectively 

to learn what is important and to 

improve the quality of control. We 

are beginning to see the use of ma-

chine control techniques that will be 

the hallmark of process development 

strategies in the future.” 

The final obstacle to increased use 

of MPC is regulatory. “Everyone appre-

ciates that these approaches work. But 

FDA and industry are not sure how to 

validate what is essentially a black box 

approach,” says Lenich. “Guidance is 

starting to come but no definitive rul-

ing, so, for many companies, the ques-

tion is: when you are using MPC, how 

can you be sure you’re using the best 

approach and that it can be validated?” 

Increased uptake of PAT has also 

led to more use of soft sensors in 

bioprocessing, not only within unit 

operations, to provide real-time esti-

mates of hard-to-measure parameters 

or end-point predictions, but across 

operations, says Menezes. “As data-

management becomes sophisticated at 

most companies, the possibility to re-

trieve and aggregate data from critical 

process parameters (CPPs) and criti-

cal quality attributes (CQAs) in real-

time will allow CQA estimates during 

processing for subsequent operations. 

That opens many possibilities for end-

to-end optimization and feedforward 

control that will make pharmaceutical 

quality by design a reality in biopro-

cessing,” he says. Examples already 

exist in areas such as media, relating 

quality attributes to upstream yields or 

stability (4).

Continuous manufacturing
Although the use of continuous man-

ufacturing is much more evident in 

small-molecule oral solid dosage form 

manufacturing, all major biophar-

maceutical companies are evaluating 

continuous, at least at the unit opera-

tions level. Some companies, such as 

Merck, Bayer, and Sanofi, have begun 

to explore the potential for continuous 

end-to-end primary biopharmaceutical 

manufacturing.

End-to-end continuous biopharma-

ceutical manufacturing will require 

global integrated control. At this point 

in biopharmaceutical manufacturing, 

control is typically handled locally, 

says Cooney. However, growing inter-

est in end-to-end continuous manu-

facturing is stimulating development 

of global control strategies. One pro-

totype employing this approach has 

been developed by Chris Love, associ-

ate professor of chemical engineering 

at MIT. It involves a fully-integrated 

biologics process done at a very small 

scale, in an installation that is roughly 

the size of a refrigerator (5), says 

Cooney. 

Love’s project, part of MIT’s Bio-

manufacturing Research Program 

(BioMan), was originally sponsored 

by the US Defense Advanced Research 

Projects Agency (DARPA), with the 

goal of developing a process to make 

biologics on demand to manufacture 

small lots of material in response to 

emergencies. It uses a continuous, 

highly integrated process that can de-

liver doses of biologics, says Cooney, 

and would enable highly distributed 

biopharmaceut ica l manufactur-

ing strategies. All of the major bio-

pharmaceutical manufacturers with 

continuous manufacturing research 

in progress are paying very close at-

tention to the control strategy, says 

Cooney. “If you’re going to run an 

integrated process, you have to have 

an integrated control strategy in place. 

The systems control industry is pre-

pared to deliver the technologies (e.g., 

DeltaV) that are needed for this ap-

proach.” 

“Bottlenecks often come when a bio-

pharmaceutical manufacturer tries to 

put a business case together for moving 

to continuous or integrated processes,” 

says Cooney. “The right business case 

must be in place, and that case is typi-

cally based on one or more of four 

metrics: cost, quality, speed, and flex-

ibility,” he says.“If you own a big stain-

less-steel manufacturing plant and 

are making a good product, you’d be 

hard pressed to throw that all away and 

start over again with continuous, but 

if you’re expanding capacity and you 

want to be able to respond with greater 

agility to market trends and forecasts, 

then continuous becomes very attrac-

tive,” he explains.

Batch processes do pretty well, 

Cooney says, but if one or more of the 

Process Control
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four business-case criteria are of con-

cern, then continuous processing can 

offer an effective solution. Improved 

quality can be one incentive, he notes. 

Reduced capital expenditure and oper-

ating costs can be another. 

Obstacles to integration
Other issues make the move to con-

tinuous manufacturing and integrated 

process control more challenging. For 

example, Cooney says, continuous 

process requires adaption and use 

of different unit operations, and dif-

ferent integration and interfaces are 

required between them. The biophar-

maceutical industry is just starting to 

learn how to handle these interfaces,” 

he says.  

The third challenge is operating ex-

isting, successful batch processes if the 

batch unit operation is different from 

what would be done continuously. The 

emergence of single-pass TFF has been 

somewhat enabling to the adoption of 

membrane filtration to continuous 

manufacturing, says Cooney, as has 

the use of multicolumn or continuous 

chromatography, or replacing batch 

acidification for viral inactivation with 

a continuous reactor. Menezes sees the 

following as the top challenges to inte-

grated control:

• Operations stability over long peri-

ods of time

• The integration of upstream and 

downstream processes with very 

different unit operations, in terms 

of dynamics and duration

• Insufficient data aggregation capa-

bilities and a dearth of IT platforms 

that can extract information auto-

matically to support effective deci-

sions and control actions

• Insufficient end-to-end lifecycle risk 

and knowledge management

• Limited ability to provide regula-

tory reviewers and inspectors with 

evidence and rationale for risk-

based change management.  

Menezes predicts that plant modu-

larization and new designs will be a 

major driver in reshaping the indus-

try, and process control, for the next 

decade.
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D
espite the proliferation of new 

drug delivery systems for paren-

teral products, glass vials remain 

the most widely used primary contain-

ers worldwide. This trend is expected 

to continue for several years, with 

global demand for glass vials projected 

to rise to $5.7 billion in 2024 (1). 

In fact, borosilicate glass has been 

the primary packaging choice for par-

enteral products since its development 

more than 100 years ago due to its 

excellent barrier properties, chemical 

resistance, regulatory acceptance, and 

broad range of applications served. 

But glass is not the only choice, es-

pecially for sensitive biotech products, 

and polymeric materials have captured 

market share in recent years. Polymeric 

materials offer light weight, shatter re-

sistance, greater formability, tighter 

tolerances, strong barrier, and chemi-

cal compatibility. As a result, plastic 

packaging is gaining ground with 

global demand for plastic parenteral 

vials forecast to grow 7.7% per year 

to more than $1.6 billion (13.1 billion 

units) in 2021 (2). 

One popular polymeric option, cy-

clic olefin copolymer (COC), combines 

formability, break resistance, and light 

weight with a glass-like transparency. 

Other polymers such as cyclo-olefin 

polymer (COP) and polyethylene naph-

thalate (PEN) offer similar attributes. 

“The physical stability as well as the 

diverse design options make COC an 

attractive alternative for some drugs,” 

explains Tom Van Ginneken, global 

product manager SCHOTT TopPac at 

SCHOTT Pharmaceutical Systems, a 

supplier of glass and plastic packaging 

for parenteral products. Anna Malori, 

business development manager at 

Bormioli Pharma, a producer of phar-

maceutical primary packaging both in 

glass and plastic, agrees and predicts, 

“Some fields of application for COC 

will be highly sensitive drugs, biotech 

drugs and vaccines, and high-value 

drugs such as oncology treatments.” 

Glass or plastic?
With glass and polymers offering ad-

vantages and limitations in different 

scenarios, many factors must be con-

sidered to determine the better choice. 

Some pros and cons are listed in Table I. 

Commercializing new primary packag-

ing for parenteral products tends to be 

time-consuming due to the complex 

regulatory approval procedures that 

must be followed to adopt a new pack-

aging material. “The regulatory approval 

process can take years, and that is why 

each single change in the glass vial con-

figuration may be seen as an obstacle to-

ward the final drug product approval,” 

explains Malori. 

As a result, many producers of glass 

packaging for parenteral products are 

leaving glass chemistry unchanged, 

but they are fine-tuning processes and 

quality control practices and increasing 

inspection capabilities to ensure ship-

ment of flawless finished containers.  

Malori says: “Each packaging choice 

should be strictly related to the specific 

needs and characteristics of the formu-

lation that will be contained inside.” 

Working in close collaboration, the 

packaging supplier and drug maker 

identify the best packaging material 

and container-closure system for the 

formulation. Once that decision is fi-

nalized, suppliers provide support dur-

ing the validation process. 

Ginneken details the holistic ap-

proach: “We consider what we call the 

three Ps—product, process, and pa-

tient. For example, we examine specific 

requirements for the drug. Does it need 

a particularly inert packaging? We also 

look at the process requirements to 

consider how the product will be in-

tegrated into existing manufacturing 

lines or how to create a low-waste fill-

ing process, among others. Lastly, we 

focus on the patient as we aim to con-

tinuously meet the patient’s comfort 

and needs. Therefore, we study if drug 

delivery in a home setting is required. 

If so, the primary packaging must be 

Hallie Forcinio 
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Packaging for Parenterals

Packaging
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Packaging

easy to handle for the patient and work 

with self-administration devices.”

Expanding applications
The need for stability and design flex-

ibility have increased market share for 

polymeric materials, especially in the 

prefilled syringe segments. Applica-

tions include a variety of therapeutic 

areas within clinical settings, home 

care, or hospital-care environment. 

“Benefits such as break resistance 

and reduced risk of syringe clogging 

make prefillable polymer syringes ideal 

for emergency drugs and diluents,” says 

Ginneken. “Moreover,” he adds, “poly-

mer syringes are also suitable for highly 

viscous drugs, such as hyaluronic acid, 

which is used in the cosmetic field. 

In addition, large-format polymer sy-

ringes of 10, 20, or 50 mL are especially 

suited for infusion therapy in conjunc-

tion with syringe pumps, which allow 

continuous administration of a drug, 

such as anesthetics or cardiovascular 

medications, for a longer period of 

time. To ensure a seamless integration 

of the syringe and pump, packaging 

suppliers and device manufacturers 

must work closely together.”

The more complex molecular struc-

ture of biotech drugs requires packag-

ing with properties that ensure stabil-

ity. SCHOTT offers polymer as well as 

glass containers for the pharmaceutical 

market. Polymeric packaging can offer 

a lower extractables and leachables 

profile as well as tighter dimensional 

tolerances. As a result, polymeric pri-

mary packaging, such as the SCHOTT 

TopPac SD COC syringe, is gaining 

ground for highly sensitive products. 

Optimized glass containers, how-

ever, also address the need for stabil-

ity. A new option for glass containers, 

Valor Glass from Corning, is a coated 

aluminosilicate glass that became com-

mercially available in 2017. Eliminating 

boron from the formula and altering 

the ratios of other ingredients results 

in glass with a high degree of chemi-

cal durability and surface homogeneity 

and virtually eliminates delamination 

problems. An ion-exchange process 

helps minimize breakage, cracks, and 

particulate contamination, while the 

coating lowers coefficient of friction 

and eliminates cosmetic f laws. De-

spite the difference in chemistry, Valor 

Glass meets the current United States 
Pharmacopeia (USP) Type I hydrolytic 

criteria and has low extractable con-

centrations (3). 

Another optimized glass option, 

Gx Elite Type I borosilicate glass vials 

from Gerresheimer, relies on propri-

etary technology to produce an ex-

tremely durable, delamination-resis-

tant vial that is free of cosmetic defects. 

Compression and side-wall impact 

tests show the Gx Elite vials are sub-

stantially stronger than standard Type 

I glass vials (4). 

Gerresheimer also supplies poly-

meric vials. Its Gx MultiShell vial 

features a multilayer COP and nylon 

structure, which offers clarity, shat-

ter resistance, and barrier protection. 

Sizes include 2-, 5-, 10-, 15-, 50-, and 

100-mL vials, which can be supplied 

ready-to-use (including validated 

gamma sterilization). Gerresheimer 

also offers monolayer COP packaging 

for parenterals (5).  

A press-blow process gives Clareo 

Type 2 glass vials a more uniform wall 

distribution, f latter bottoms, and en-

hanced strength. “The vials perform 

better with less breakage and uniform 

heat transfer,” reports Kevin McClean, 

quality and technical manager, Amer-

icas for SGD Pharma Packaging. The 

Type 2 glass containers cost less than 

Type I and are an acceptable alterna-

tive to regulatory authorities for some 

molecules. Clareo vials currently may 

be ordered in 20-, 50-, and 100-mL 

sizes (6).  

Syringes also feature optimized 

glass. To maximize the quality of Ompi 

Nexa syringes from Stevanato Group, 

the production process eliminates 

glass-to-glass contact and minimizes 

glass-to-metal contact. Automated 

inspection checks each container. Op-

tions include a 1-mL long design and a 

2.25-mL design with staked needle (7). 

Whether glass or plastic, the highest 

levels of activity are being observed in 

the development of cartridges for pen 

and infusion pump systems and a tran-

sition from vials to prefilled syringes. 

In addition, “There’s a lot of activity 

in auto-injectors for insulin,” says Dave 

 Table I: Parenteral packaging pros and cons. 

Glass pros Glass cons Plastic pros Plastic cons

High barrier properties More susceptible to breakage if not 

handled properly

Break-resistant Semi-permeable (oxygen, gases)

Known material and commonly used Potential risk of drug/container 

interaction

Heavy metal and tungsten free, low 

or no siliconization

Must be handled carefully to prevent 

scratches 

Compatible with multiple filling 

machine vendors

May not be compatible with certain 

needleless Luer access devices

Light weight Sterilization process can cause haze 

formation, discoloration

Regulatory acceptance Greater design flexibility

Multiple sources Tight tolerances

Reference: SCHOTT Pharmaceutical Systems, “A Tale of Two Materials: What the Glass vs. Polymer Debate Really Means” and “Glass or Polymer: What’s the 

Right Choice for Prefillable Syringes?” http://blog.us.SCHOTT.com/a-tale-of-two-materials-what-the-glass-vs-polymer-debate-really-means/, accessed May 

11, 2018. 



A Rational Approach  
to Excipient Selection

For questions contact Ethan Castillo at ethan.castillo@ubm.com

Register for free at http://www.pharmtech.com/pt_p/rational 
Can’t make the live webcast? Register now and view it on-demand after the air date.

When developing a formulation for an immediate release tablet, 

critical attributes of the active ingredient, including concentration, 

FRPSDFWDELOLW\���RZDELOLW\�DQG�VROXELOLW\�W\SLFDOO\�JXLGH�H[FLSLHQW�

selection. They also determine the type of manufacturing process 

WKDW�ZLOO�EH�XVHG�LQ�FRPPHUFLDO�SURGXFWLRQ�

A tablet formulation guide has been developed that uses four 

DFWLYH�LQJUHGLHQW�DWWULEXWHV�WR�KHOS�VLPSOLI\�DQG�RSWLPL]H�H[FLSLHQW�

DQG�PDQXIDFWXULQJ�SURFHVV�VHOHFWLRQ��-RLQ�WKLV�ZHEFDVW�WR�OHDUQ�

KRZ�WKLV�IRUPXODWLRQ�JXLGH�V\VWHPDWLFDOO\�DQDO\]HV�HDFK�

combination of these four parameters to provide detailed guidance 

RQ�WKH�EHVW�ZD\�WR�DSSURDFK�IRUPXODWLRQ��

KEY LEARNING OBJECTIVES

̽� 7KH�LPSRUWDQFH�DQG�LPSDFW�RI�WKH�DFWLYH�LQJUHGLHQW̵V��DWWULEXWHV� 

in tablet formulation development

̽� ([FLSLHQWV̵�UROH�LQ�WDEOHW�IRUPXODWLRQ

̽� 6HOHFWLRQ�RI�PDQXIDFWXULQJ��PHWKRGV�WR�RYHUFRPH� 

formulation challenges

WHO SHOULD ATTEND

6FLHQWLVWV��0DQDJHUV��5HVHDUFK�DQG�'HYHORSPHQW��6DOHV��4XDOLW\�� 

and Procurement professionals at pharmaceutical, nutritional,  

contract development and manufacturing organizations.

LIVE WEBCAST
Wednesday, June 20, 2018 at 10am EDT | 9am CDT | 3pm BST | 4pm CEST

Sponsored by

Presented by

PRESENTERS

Anthony (Tony)  
E. Carpanzano,  
B.S., RPh  
Director of R&D

JRS Pharma LP

02'(5$725

Agnes Shanley
Senior Editor

Pharmaceutical 
Technology 

All attendees will receive a free executive summary of the webcast!



50    Pharmaceutical Technology JULY 2018  PharmTech .com

Packaging

Dugan, account manager for Stevenato 

Group’s Ompi of America. 

One of the major forces driving in-

terest in auto-injectors is the growth 

in home care. Self-administration 

“lessens the burden on the healthcare 

system,” says Uzzo Calderaro, busi-

ness development manager at Duoject 

Medical Systems. “When a patient can 

stay at home, there’s cost savings and 

a better quality of life for the patient,” 

he explained. Well-designed auto injec-

tors also reduce the chance of sharps 

injuries, prevent loss of product, and 

deliver accurate doses. 

With auto-injectors, easy, consistent 

operation is essential, because the de-

vices are intended for patient use. Uni-

form silicone levels are needed to ensure 

consistent movement of the plunger and 

help keep injection duration at no more 

than 10 seconds. These features do not 

come without challenges. “When injec-

tion time needs to be reduced, the drug 

needs to be concentrated, which in-

creases its viscosity, necessitating more 

pressure on the syringe and increas-

ing the chances of breakage,” says Dr. 

Nicolas Eon, SCHOTT’s global product 

manager, syriQ. 

Made of highly inert FIOLAX bo-

rosilicate glass, the recently launched 

syriQ BioPure staked-needle syringes 

offer low tungsten and adhesive re-

siduals for a superior extractables and 

leachables profile, plus accurate dimen-

sions for optimal device compatibility. 

To maximize mechanical resistance 

and minimize the chance of break-

age, the syringes are produced under 

strict cosmetic defect specifications 

in a process that eliminates glass-to-

glass contact. A multi-camera quality 

control system provides 100% inspec-

tion of the complex shape from tip to 

flange. To accelerate speed to market, 

SCHOTT offers more than 40 validated 

configurations combining different 

f lange designs, 27-g or 29-g needles, 

and elastomer components along with 

full documentation. “The availability 

of full documentation reduces the risk 

profile for the drug maker and ensures 

the syringe and device work together,” 

notes Eon.  

Some auto-injectors, especially those 

integrated into wearable devices, rely 

on cartridges. “Cartridges occupy less 

space and cost less than prefilled sy-

ringes,” explains Duoject’s Calderaro. 

Duoject has developed a multi-dose 

auto injector with a diluent-filled car-

tridge. The modular, integrated Pen-

prep Evo system simplifies reconsti-

tution and ensures dose accuracy via 

patented vacuum transfer technology, 

which also minimizes drug hold-up 

in the vial and air transfer back to the 

cartridge. Configurations include 13- 

or 20-mm drug vials with various dilu-

ent fill volumes (8).

Another recent auto-injector de-

velopment, the SelfDose patient-con-

trolled injector from West Pharma-

ceutical Services, departs from the 

traditional spring-loaded design and 

is larger than most pen systems. “The 

SelfDose injector restores control to 

the user, particularly for the arthritic 

population who may find standard 

injectors difficult to use,” reports Carl 

Dabruzzi, director, Self-Injection Sys-

tems at West Pharmaceutical Services. 

The golf-ball size top of the larger-

than-usual injector features a 1-mL 

long syringe. To use, the patient sim-

ply removes the cover and pushes down 

to dispense. Injection speed is user 

controlled and may even be paused. 

A visual indicator ensures proper ad-

ministration. Needle depth can be cus-

tomized to optimize drug absorption, 

and the needle is not visible before or 

after injection (9). 

For wearable devices, West Pharma-

ceutical Services offers its SmartDose 

drug delivery platform. “We’re seeing a 

lot of IV [intravenous] products being 

developed for subcutaneous adminis-

tration via wearable devices,” explains 

Dabruzzi. Driving forces for the transi-

tion include cost containment and pa-

tient convenience. A wearable device, 

he notes, reduces the need for trips 

to an infusion clinic. “With one or 

more visits per week at $300 to $1200 

per visit, costs for infusions can eas-

ily add up to thousands of dollars per 

year, plus the cost of the drug product. 

Instead, the wearable device is applied 

and activated, and audible and visual 

indicators guide the patient through 

the administration process.”

The SmartDose drug delivery sys-

tem is based on a user-loaded, custom 

COP cartridge with septum/cap and 

FluroTec piston. Pre-programmed de-

livery times and duration can give the 

patient a more comfortable injection 

experience, particularly when deliv-

ering high-volume or high-viscosity 

drugs (10). Dabruzzi adds, “A patient 

who experiences pain or feels intimi-

dated about self-injection is less likely 

to be compliant. So increased patient 

comfort is likely to improve patient 

compliance, which leads to better 

outcomes.” 
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With the dramatic rise in the number of precision medicines 

and orphan drug designations in development—many of which 

are biologics—many companies are racing furiously to get 

these precious and expensive molecules to clinic as quickly as 

possible. Speed, small batch sizes, material losses, and economics 

are all major concerns for companies attempting to accelerate 

their molecule through early development. 
                                                                                                         

Learn how these shifting therapeutic trends have increased the 

need for fast, flexible development and these solutions that are 

helping companies overcome these challenges: 

■ Fast, flexible options for mammalian cell line development and 

process development

■ Advantages of integrated drug substance, drug product, and clinical 

trial logistics solutions

■ Selecting the right dosage form 

■ Benefits of having the right-sized filling lines that are appropriate for 

early development 
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■ Small and emerging biopharma:  

-  CEO, CSO, Head of R&D, CMC Director, Scientist/Process Scientist

■ Heads of Upstream/Downstream Processing, Heads of 

Bioprocessing, Heads of Biomanufacturing, Heads of Engineering

Key Learning Objectives

■ Factors behind the dramatic rise in targeted 

therapies in development

■ Challenges executives at small biopharma 

companies face getting to first-in-human 

trials

■ Solutions that small biopharma companies 

are leveraging to get to clinic quickly
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or the past few years, it has been no 

secret that many small to mid-sized 

pharmaceutical companies in the 

United States, the European Union, and 

beyond have not yet begun to prepare 

for serialization deadlines set by the 

US Drug Supply Chain Security Act 

(DSCSA), the EU False Medications 

Directive (FMD), and other traceability 

directives around the world (1).

In the US, this compliance gap led 

FDA to postpone by one year the imple-

mentation deadline, moving it to No-

vember 2018 (2). The FMD’s deadline 

still stands at February 2019. 

However, in the second quarter of 

2018, Tracelink’s 2018 Drug Supply, 

Safety, and Traceability Report found 

that only one-third of 660 pharmaceu-

tical manufacturers, contract manufac-

turing organizations (CMOs), wholesale 

distributors, hospitals, and pharmacies 

were confident that they were ready to 

meet requirements, and only half had 

prepared their internal packaging lines 

of serialization or projected the number 

of units that would need to be serialized 

each year.  The survey found that, at that 

time, only 8% of pharmaceutical manu-

facturers had integrated serialization 

processes with their CMOs and only 

11% said their CMOs were ready to ship 

serialized product (3). Where executives 

from half of CMOs in the US felt ready, 

only a third of their counterparts in Eu-

rope did.  

EU behind schedule
Manufacturers and CMOs in Europe 

are well behind schedule, according to 

recent reports (4). Second quarter 2018 

data from the European Medicines 

Verification Organization (EMVO) 

suggested that 50% of countries whose 

manufacturers sell pharmaceuticals in 

the EU will be too late to meet the FMD 

deadline. Even for all European sup-

pliers to comply would require equip-

ping some 10,000 packaging lines at 

1500 pharmaceutical sites in a matter 

of months (5). Getting EMVO approval 

is itself a process that can take several 

weeks. First, a series of transactions 

must be submitted and reviewed before 

the company is allowed to submit rel-

evant production and other data to the 

EU Hub.

At the Serialization Innovation Sum-

mit, held on June 20, 2018 in Philadel-

phia and sponsored by the serialization 

IT supplier Adents, Maarten Van Baelen, 

market access director for Medicines 

for Europe, a generic-drug trade asso-

ciation, revealed the scope of the chal-

lenge. As of May 2018, he said, out of 

the 2200 pharmaceutical companies 

that will need to submit serialization 

data to EMVO for FMD, only 749 had 

done so. Meanwhile, further along the 

supply chain, only 10% of wholesalers 

were connected to the EMVO system, 

although they were working very hard 

to solve the “considerable technical chal-

lenges” involved, he told attendees at the 

June Summit.

Faster data submission
Solution providers have responded to 

these issues with a number of “quick 

compliance” tools—modular, template-

driven approaches designed to help 

companies meet serialization require-

ments quickly. In May 2018, TraceLink, 

a cloud-based IT serialization solutions 

provider, introduced the EU FMD Ex-

press platform, designed to help smaller 

manufacturers and CMOs in Europe 

meet requirements and send serializa-

tion data to EMVO (6).

As of June 2018, TraceLink reported 

that 34 companies had completed con-

formance testing using TraceLink’s kit. 

Of these, 11 companies received EMVO 

approval to submit data to the EU Hub 

and 14 companies were awaiting review. 

Biosyn is one company that reported 

good results from the program, while, 

Agnes ShanleyAAgggggggggAgggggggggggggggnnneneeesssssssssssssssssssssss SSSSShhS annnnlelelllllllllellellellelelelelllllelellellllelelelleleleelelleeleleleleleeeeeleeeeeyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy

Serialization: Scaling 
Down for the Final Stretch

Supply Chain

Vendors are offering template-based models 

and direct data-filing services to help smaller 

companies meet imminent deadlines.
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First-generation antibody drug conjugates (ADCs) have development 

challenges including non-uniform and non-optimized drug-to-anti-

body ratios (DAR). Lonza Pharma & Biotech has developed proprietary 

technologies to produce conjugation-competent antibodies with 

a defined number and location of bioconjugate attachment points. 

These technologies allow a high degree of control over conjugation 

site, DAR, and conjugation of cargoes in addition to cytotoxins. 

In this webcast, we will present a case study based on a model anti-

body and describe how variants containing one or two engineered 

cysteine residues achieved high levels of homogeneity and DARs of 2 

or 4, respectively. In vitro cytotoxicity and in vivo efficacy data will also 

be presented.

We will also outline a project plan for progressing an antibody with 

engineered cysteines to a second-generation ADC. Insight will be 

shared on the hands-on approach to the adaptation and develop-

ment of key process steps such as reduction, tangential flow filtra-

tion, reoxidation, conjugation, filtration, and formulation. Finally, we’ll 

demonstrate how to build successful ADC processes fit for production 

and scale-up.

Key Learning Objectives: 

■ Approaches for engineering and manufac-

turing second-generation bioconjugates.

■ How to progress an antibody to a 

second-generation ADC.

■ What does a successful ADC process entail 

and how do you develop it?

Who Should Attend: 

■ Bioconjugate developers, R&D, program 

management, product and process devel-

opment, drug safety, regulatory, product 

management, ADC engineers

For questions contact Ethan Castillo at ethan.castillo@ubm.com

Presenters

Ramón Gómez de  

la Cuesta, PhD

Principal Scientist

New Expression 

Technologies Group

Dr. rer. nat.  

Christoph Sklorz

Scientific Specialist

Bioconjugates

Moderator

Rita Peters

Editorial Director

Pharmaceutical 

Technology

Register for this free webcast at www.pharmtech.com/pt_p/generation

Engineering and Manufacture  

of Second Generation ADCs: 

Tools and Techniques

ON-DEMAND WEBCAST  Aired June 27, 2018



54    Pharmaceutical Technology JULY 2018  PharmTech .com

Supply Chain

in June, IBI Lorenizini, an Italian CMO 

and supplier, signed up.

Adents, another cloud-based IT 

vendor, is approaching the serializa-

tion readiness gap with programs of 

its own. Started up in 2007 in France 

by specialists with experience handling 

provenance and serialization issues 

in the fine perfumes and champagne 

markets, the company introduced 

Serisa, a line-level serialization solu-

tion supported by Siemens, in 2010. In 

2014, Adents released Prodigi, a cloud-

based system designed to facilitate se-

rialization data exchange. 

In 2017, the company established a 

collaboration with Microsoft, and the 

two partners introduced NovaTrack 

to the US market in June 2018 (7). The 

approach, utilizing Microsoft’s Azure 

Cloud technology, is designed to incor-

porate blockchain and artificial intelli-

gence, and to bring Internet of Things 

(IoT) technology to bear on cold-chain 

and other supply chain issues. Julien 

Faury, vice-president of operations for 

Adents Americas, says that the program 

features open architecture and works 

both at the centralized IT level and at the 

line level, using a “top down” approach 

and a cloud-native, vendor agnostic ap-

proach. 

The company offers users a certified 

gateway to enable faster transmission of 

data to EMVS. It has integrated with the 

Origin database in the US, operated by 

the Healthcare Distributors Association, 

and is developing a gateway to Russia’s 

serialization database.

The company is working with Micro-

soft to develop and optimize blockchain 

solutions using Microsoft’s Cocoframe-

work, which offers 20,000–50,000 trans-

actions per second. This speed is con-

siderably faster than solutions based on 

Ethereum, according to Tianna Umann, 

cross-domain solution architect with 

Microsoft, who spoke at the June sum-

mit. 

Both partners have assembled an in-

dustry workgroup lead by the Health-

care Distributors Association to evalu-

ate different approaches to blockchain.  

In addition, Adents and Microsoft are 

working on systems that would use Mi-

crosoft’s Hololens technology to train 

operators on serialization and make 

relevant documents accessible to them 

in their workspace via a wearable de-

vice. Hololens is based on the concept of 

Mixed Reality, which incorporates some 

of the digital elements of virtual reality, 

but operates in real space (8). Adents’ 

operations manager, William Minaeff, 

senior project director, shared some in-

sights into pharmaceutical serialization 

with Pharmaceutical Technology. 

Compliance outlook for 2018
PharmTech: What changes have you seen 

in the industry’s approach to serializa-

tion in 2018, as the DSCSA and FMD 

deadlines draw near? 

Minaeff: We have seen several changes 

since FDA offered a year-long extension 

in 2017.  FDA recognized that solution 

providers were finding it difficult to 

scale up to service the number of pro-

duction lines required by the various 

pharmaceutical companies. As a result, 

many serialization service providers 

have had to hire hundreds of employees 

in a short time frame to meet demand. 

The major hubs in the United States 

are in the San Francisco Bay Area, the 

Northeast, and of course, Research Tri-

angle Park. Additionally, we see a large 

opportunity for external manufactur-

ing in the Midwestern US. The beauty 

of cloud solutions is that they have 

unlimited scalability, so we are able to 

work with companies of all sizes and 

customize our solutions according to the 

size of the business. Further, Colombia 

and Brazil are emerging markets, while 

Canada will adopt serialization within 

the next five years due to changes in 

regulations. 

PharmTech: Just a few months ago, 

many small to mid-sized manufacturers 

and CMOs had not even started formal 

serialization programs. Where are you 

seeing the greatest challenges?

Minaeff: Serialization implementation 

faces the following challenges:

• Collaboration between thousands of 

parties

• An unstable regulatory landscape 

• Management’s view that serialization 

is a cost, not a benefit

• The need to share billions of terabytes 

of data.

PharmTech: There are already a num-

ber of cloud-based data management 

systems available for serialization.  How 

is Adents’ different? 

Minaeff: Adents was established to 

explore the new generation of serializa-

tion software. The major challenge with 

serialization is not the actual marking or 

reading of serial numbers but rather the 

data management expertise that backs 

up the serialization. Over the past few 

years, Adents has created a new software 

suite, with an open architecture. 

The first part of this software was re-

leased in 2010. This software-driven se-

rialization solution took off very quickly 

in the European market. The solution is 

not only used in the pharmaceutical sec-

tor but also in the wine and spirits, and 

health and beauty sectors. 

In 2012, pharmaceutical companies in 

the United States and Europe started to 

implement these processes and began to 

look into cloud-level solutions. Adents 

partnered with Microsoft in 2014 to 

codevelop Adents Prodigi, which was 

released in 2017. Adents has since grown 

to nearly 100 employees and more than 

half of its customer base consists of life-

science companies. 

Leveraging serialization efforts
PharmTech: What is needed to help more 

companies leverage the work that they 

have done to enable serialization to 

achieve broader business benefits?  

Minaeff: As a serialization project pro-

gresses, there are many challenges that 

need to be faced and many sources of 

complexity. Serialization failures most 

frequently come from a failure to under-

stand the scope of a serialization project, 

for example, failing to identify all stake-

holders and their requirements (e.g., 

packaging, label change, supply chain, 

IT, and Enterprise Resource Planning 

[ERP]).

contin. on page 61
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In a complex, costly bioprocessing operation, failure of a 

single-use component is not an option. Failure of a single 

plastic part can shut down an entire process, resulting in lost 

product and production time. The difference between good 

performance and long life—and failure—can be a seemingly 

small difference in the variables that affect plastics properties. 

While extractable and leachables studies identify potential 

contaminations in plastic materials, they do not reveal 

chemical resistance of polymeric materials under operating 

conditions. Understanding why plastic parts fail—through 

fractures or other methods—is crucial for the selection 

of materials and components; independent failure mode 

testing is crucial. 

In this presentation, materials and analysis experts will 

explain how to detect—prior to material qualification and 

selection—the potential for materials to fail, as well as the 

potential for contaminants to leach from the materials into 

the process stream. 

The discussion will cover the scope of testing requirements 

for single-use systems, the challenges of characterizing 

materials from multiple sources, standard test protocols, and 

compendia and regulatory requirements. 

In this webcast you will

■ Gain insight into regulatory requirements for 

failure and safety analysis testing of plastics 

■ Review the serviceability of standardized 

extraction protocols as per USP <1665/665> 

■ Understand the boundary between 

failure mode studies and extractables 

and leachables study designs as shown in 

practical examples

Who should attend

■ Biopharmaceutical development, CMC, and 

QC scientists

■ Process development managers 

■ Biopharmaceutical managers looking 

to outsource complex extractables and 

leachables and failure mode studies

For questions contact Ethan Castillo at ethan.castillo@ubm.com
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outsourcing outlook

S
ince 2003, BioPlan Associates, 

Inc. has published an extensive 

annual survey of bioprocessing 

professionals. Since the first survey, 

which was started in collaboration 

with the American Society for Micro-

biology, critical bioprocessing issues 

have grown. The annual report has 

expanded to include 60 questions with 

nearly 500 pages of analysis and data 

(1,2). Manufacturing capacity issues 

have always been at the core of the 

annual survey, but as the industry has 

matured, the factors impacting capac-

ity have become more complex.

This article highlights some of the 

significant changes in biopharmaceu-

tical manufacturing (bioprocessing) 

that have occurred from 2003 to 2018. 

Most all of the changes in bioprocess-

ing that have occurred over the past 15 

years have generally been for the bet-

ter. Examples of these changes can be 

found in Table I, which compares 2003 

and 2018 survey data. 

In retrospect, many of these trends 

were not always predictable, and some 

have gone counter to expectations at 

the time. Predictions of periodic capac-

ity crunches, for example, have not ma-

terialized as the industry has matured. 

The industry has also become fairly ef-

fective at addressing production costs 

by developing efficient, more f lexible 

processes. 

Trends in adoption of diverse mam-

malian expression systems have also 

not materialized, as Chinese hamster 

ovary (CHO) cell lines have become the 

dominant expressions systems. In fact, 

nearly 80% of respondents now report 

their organization has mammalian 

manufacturing capacity, up from 54% 

in 2003. The percent reporting use of 

microbial has not increased much in 15 

years. As discussed in the current an-

nual report, companies prefer to con-

centrate on one or a few platforms to 

be applied to as many products as pos-

sible. Most have or are moving to adopt 

mammalian systems as their primary 

manufacturing platform. This move 

toward single-platform manufactur-

ing is continuing, even when alterna-

tives have been shown to be more cost 

effective. 

Also unpredicted 15 years ago was 

the rate of adoption of single-use de-

vices. While 15 years may seem a long 

adoption cycle, in the bioprocessing in-

dustry, where regulators are involved 

in most decisions, change comes 

slowly. At present, pre-commercial bio-

processing is now dominated (approx-

imately 85%) by single-use systems. 

And much of the current growth in 

capacity involves single-use adoption 

at commercial scales. 

Geographically, 15 years ago, the 

industry did not predict the rise in 

bioprocessing in developing regions 

such as China and Latin America. In 

a BioPlan survey of 100 participants 

at the BIO conference 10 years ago, 

China was noted nearly universally 

as an unacceptable potential partner 

in biopharmaceuticals due to the lack 

of intellectual property protection and 

the virtual absence of quality manage-

ment systems. Today, many Chinese 

companies are expanding through 

biosimilars, contract manufacturing 

organization (CMO) partnering, and 

other means to reach Western markets. 

For example, China’s WuXi Biologics, 

a contract development and manu-

facturing organization (CDMO) with 

global reach, is investing $60 million 

to build a manufacturing operation in 

Worcester, MA, in addition to its plans 

to build a $392-million biologics facil-

ity in Dundalk, Ireland (3,4).

BioPlan has also reported data and 

trends for bioprocessing titers and 

yields over the past 30 or more years 

(5). Average commercial-scale titers 

have increased from estimated 1.1 g/L 
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Outsourcing Outlook

in 2003 to current 3.2 g/L, a nearly 

300% increase. Also, during this pe-

riod, the number of FDA-approved re-

combinant therapeutics has increased 

by approximately 400% (6,7). In 2017, 

FDA set a record for the number (31 

approvals) and percent (93%) of ap-

proved biopharmaceuticals being 

recombinant-based compared with 18 

approvals in 2003 and 69% for recom-

binant products (with 2003 a relative 

outlier in the early 2000s, with higher 

number of approvals). 

Industry outsourcing views and 

practices have changed significantly in 

the past 15 years (8). Outsourcing or 

the use of CMOs or contract research 

organizations (CROs) has significantly 

increased. The percent of respondents 

citing any current outsourcing of man-

ufacturing task has doubled, from 35% 

in 2003 to 70% in 2018. Similarly, the 

percent reporting outsourcing mam-

malian manufacturing tasks has in-

creased 164%, from 44% in 2003 to 

72% in 2018.

Capacity issues: Changes in 15 years 
Back in the early 2000s, a signifi-

cant shortage in capacity, a “capacity 

crunch,” was a major concern. With 

commercial manufacturing capacity 

then being tight, and in high demand, 

facilities were generally operating at 

much higher levels of capacity utiliza-

tion rates than currently—79% overall 

in 2003 compared with 2018 rates of 

less than or equal to 60% overall and 

63% for mammalian manufacturing. 

As discussed in the current report, 

having a lower—but still greater than 

50%—capacity utilization rate is much 

healthier for the biopharmaceutical in-

dustry versus operating at high rates 

(e.g., the 79% reported in 2003). Pro-

 Table I: Comparisons of 2003 vs. 2018 annual survey data.

Parameter 2003 Findings 2018 Findings Significant change?

Capacity utilization rate, all 

biopharma 
79%

≤60% (63% for mammalian; 

53% for microbial)
Yes, for better

% seeing “severe” or 

“significant “ constraints on 

facility capacity now

33% 20% Yes, for better

% expecting “severe” or 

“significant “ constraints on 

facility capacity in 5 years

44% 19% Yes, for better

% with mammalian and 

microbial manufacturing, 

respectively

54%, 41% 79%, 48% Yes; more mammalian use now

Facility utilization rate, average 

mammalian manuf.
79% 63% Yes, for better

No capacity constraints at my 

facility
10% (2004 data) 28% Yes, for better; 280% increase

Top 2 factors creating capacity 

constraints at facility

Staffing: “Lack of trained and 

experienced production staff” 

and “Lack of availability of 

trained experienced scientific 

staff”

“Facility constraints;” “Inability 

to hire experienced technical 

and production staff”

Yes; Facility constrains 

replaced staffing as primary 

cause of constraints

Top 2 key areas to address 

to avoid future capacity 

constraints

Optimizing cell culture 

systems; Improving 

downstream purification 

technologies

“Develop better 

Continuous Bioprocessing-

DOWNSTREAM 

Technologies”; “Develop 

better downstream purification 

technologies”

Yes; Downstream processing 

now the dominant problem 

area

Average planning facility 

capacity expansion in 5 years
79%

<30% [32% mammalian; 24% 

microbial]

Yes; Capacity being added 

orderly vs. rushed 

Average titer, commercial 

scales, mammalian
1.1 g/L 3.2 g/L Yes, for better; 291% increase

% Outsourcing any 

manufacturing tasks
35% 70% 200% increase

% Outsourcing any 

manufacturing tasks, 5 years
44% 72% [for mammalian] 164% increase

Recombinant proteins/mAbs, 

FDA-approved
~100 ~400

Yes, for better; ~400% 

increase
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cess lines and facilities tend to become 

bottlenecked, and bioprocessing lim-

ited, when utilization rates approach 

and exceed 80%. The percent of re-

spondents currently reporting severe 

or significant capacity constraints at 

their facility has fallen dramatically 

in 15 years, from 44% in 2005 to 20% 

in 2018. In 2018, lower percentages of 

severe constraints were projected as ex-

pected in five years, with this now fall-

ing from 44% in 2003 to 19.6% in 2018. 

This “future projection” is also an in-

dication of the level of comfort many 

in the industry now have for managing 

their facilities, projecting operational 

needs, and dealing with intermittent 

capacity problems.

Bioprocessing lines/facilities need 

some downtime, including for switcho-

vers, maintenance, new equipment instal-

lation and validation, staff training, and 

cleaning and sterilization of stainless steel 

facilities. Current survey data continue to 

show that downstream operations still 

are struggling to keep up with improve-

ments in upstream output, so downtime 

with upstream versus downstream equip-

ment is normal. 

Fixing capacity 
problems then vs. now
The “capacity crunch” perceived in 

the early to mid 2000s was largely re-

solved by industry responding with 

construction of many new facili-

ties, including many for commercial 

manufacturing, combined with in-

cremental technology improvements. 

These have included the rather steady 

increase in titers (5). In 2003, 79% of 

respondents reported planning for 

facility expansion in five years. In 

contrast, less than 30% overall (32% 

mammalian, 24% microbial) now re-

port planning facility expansions in 

five years. The percentage of respon-

dents reporting no current capacity 

constraints at all has increased sig-

nificantly from 10% in 2003 to 28% 

in 2018. 

The factors cited as the primary 

causes of facility capacity constraints 

have changed somewhat over the 

past 15 years. Lack of experienced 

production and scientific staff were 

the top issues in 2003. In 2018, “fa-

cility constraints” has become the 

primary bottleneck factor, suggest-

ing another round of industry capac-

ity expansions may be coming, while 

inability to hire staff moved to sec-

ond place. 

Survey respondents now report 

that downstream, compared with 

upstream, operations are where most 

bottlenecks in their bioprocesses are 

continuing to occur. The advances in 

upstream titers are reflected in survey 

responses regarding the top areas in-

dustry needs to address to avoid future 

capacity constraints, with developing 

better continuous and better overall 

downstream purification technologies 

now the top two most-cited responses. 

In contrast, upstream concerns, “opti-

mizing cell-culture systems,” was num-

ber one in 2003.

Exciting technologies have come and 

gone over the past 15 years. For exam-

ple, back in 2003, transgenic animals 

for in-vivo manufacture of recombi-

nant proteins was considered a “hot” 

topic, with fully 73% of respondents 

then citing this as likely to become a 

viable manufacturing alternative in the 

future. Transgenic animals are now a 

relatively ignored area of bioprocess-

ing. Today, cellular and gene therapies, 

many of these involving both technolo-

gies (genetically-modified cells), are 

shaping-up as the next big biophar-

maceutical manufacturing trend and 

also problem area in terms of capacity 

issues. BioPlan has reported an ongo-

ing ‘capacity crunch’ in cellular/gene 

therapy areas (9). This includes a sig-

nificant shortfall in capacity (e.g., five 

times the current capacity could be 

used if available). 
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incorporated graphically using [swim 

lane diagrams] and similar tools like 

Visio (Microsoft) and include them as 

part of the document.” 

“In my opinion, in order to ensure 

that quality procedures are effective, it 

is necessary to involve those who know 

the process or operation being docu-

mented,” Moreton agrees. “This may 

mean sitting down with the operator 

and finding out exactly what is being 

done and how, not what management 

thinks should be done and how they 

think the operation(s) should be car-

ried out.”

According to Schniepp, procedures 

should be mapped out, committed to 

paper, reviewed periodically, and up-

dated as necessary. “Companies need 

to remember that their processes and 

procedures are not carved in stone 

and need to be changed to stay com-

pliant with the operations being per-

formed and the current interpretation 

of regulations,” says Schniepp. New 

technologies and new product types 

may necessitate an update to proce-

dures. Companies should be careful to 

not try and fit technology or product 

advances into current procedures but 

should instead take the time to review 

their processes and procedures and up-

date them appropriately in responses to 

these advancements, she says. 

Consistent review of procedures is 

important, especially if a change in 

equipment, facility, or regulatory re-

quirements has occurred, experts note. 

“Written procedures should be re-

viewed and updated as often as needed. 

However, if a process and procedure is 

being updated frequently then it prob-

ably wasn’t very well written in the first 

place,” says Schniepp. “This being said, 

procedures that are fairly stable should 

be reviewed at least every two years to 

make sure they are still current and 

reflective of regulatory expectations.” 

When developing written proce-

dures, says Lynch, “each process and 

procedure should be tailored to its 

specific purpose, so they don’t include 

unnecessary steps that add time to the 

process without applicable value to the 

procedure at hand.” 

Companies often lack details that 

will help operators understand the 

process, says Lynch. “The most im-

portant concept to remember when 

writing procedures is to include the 

detailed instructions for the opera-

tion or processes being defined by 

that procedure and not include extra 

explanatory or extraneous informa-

tion that has no bearing on the opera-

tion or process being defined,” agrees 

Schniepp.

It doesn’t hurt to ask for help
In warning letters, FDA commonly 

suggests the hiring of a third-party 

GMP consultant to help compa-

nies address their GMP deficiencies. 

Schniepp says these consultants can 

provide a “fresh perspective” when re-

solving GMP issues. “A new and fresh 

approach is valuable because the con-

sulting firm has no preconceived ideas 

and can offer new insight to what may 

seem to be an old and uncorrectable 

problem,” says Schniepp. These con-

sultants can be helpful even when not 

suggested by regulators “because they 

are looking at the quality with eyes not 

steeped in the corporate culture,” ac-

cording to Moreton. 

Consultants also have knowledge 

and expertise the company does not 

have. “[Consultants] can offer a vari-

ety of approaches and suggestions for 

remediating current problems as well 

as offering solutions to maintain and 

improving systems moving forward. 

One of the most important aspects to 

consider when hiring a consulting firm 

is to make sure they not only have the 

expertise, but they also have the time 

to devote to fixing the problem,” says 

Schniepp.

When hiring a GMP consultant, 

Moreton suggests companies look at the 

experience of the contractor as a whole 

as well as the qualifications of the in-

dividual consultants “to ensure there is 

a good fit with the contractee’s needs.”

Lynch warns, however, that pharma-

ceutical companies should not rely too 

much on outside help. “Consultants 

can help companies get back on track 

if companies lack the resources inter-

nally. However, eventually companies 

have to sustain compliance themselves. 

Third-parties should provide expertise 

in the needed area and technology and 

have demonstrated success. Then, they 

should be able to teach and mentor 

personnel for improved behaviors and 

provide flexible models to fit company 

operations and culture. Usually, this 

is more than one-time training, but a 

program of measurement and support 

over time.”
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Essentially, five key elements are re-

quired for a successful track-and-trace 

serialization solution for the pharma-

ceutical sector:

• Configurability, so that no specific 

software development is needed, in 

a platform that can be easily updated 

and upgraded, reducing human error.

• Scalability, so that after initial roll-

out, additional lines can be deployed 

seamlessly without having to dupli-

cate the entire process.

• Interoperability (i.e., increased flex-

ibility) so that users can choose the 

hardware that fits the best with their 

objectives, use existing equipment 

when possible, and minimize costs 

and delays in delivery.

• Site-level management capabilities 

to cope with change management. 

One centralized point from which 

configuration and processes can be 

managed can help to facilitate config-

uration management, data exchange, 

reporting, change management, and 

validation support as well as IT gov-

ernance. Site-level management ca-

pability minimizes risks and help 

users prepare for future track-and-

trace challenges.

PharmTech: How is the industry mov-

ing beyond serialization to the larger 

goal of traceability?  

Minaeff: Modern software companies 

rarely look past three-to-five-year plan-

ning cycles, due to the rapid change of 

technology and business requirements. 

However, if we look at the current pace of 

change in automation, robotics, regula-

tory requirements, consumer demands 

(from both customers and manufactur-

ers), we begin to see the increasing role 

that software must play in manufactur-

ing, to provide lifecycle management and 

support ‘right first time’ production goals.
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Q. Our company is a young, modern enterprise, and our 

management decided to apply modern, state-of-the-art 

technologies and methodologies in our manufacturing facility. 

We have installed automated systems that allowed us to 

establish process analytical technology (PAT) to formulate a 

quality-by-design (QbD) approach and enable us to perform 

parametric release. We intend to submit our application in the 

United States and in Europe in 2019 or 2020. We were advised 

by consultants to seek advice from the regulators to confirm 

that we are on the right track. However, our senior manage-

ment rejects this idea. Can you give any advice on how to 

convince them otherwise?

A. First, let me congratulate your management on being a 

progressive company that embraces modern technology 

and science as promulgated by regulatory agencies around the 

world. Though regulators encourage the industry to leverage 

automation and new technologies, they themselves are not 

necessarily that familiar with these and may find it difficult to 

understand the full impact each of them has on product quality 

and, thus, patient safety. So the question is: when are you going 

to tell the agency about your innovative approach, at the time 

of the submission or before?

Regulatory agencies, including FDA, the European Medicines 

Agency (EMA), and the national authorities, all offer scientific 

advice—all prior to an applicant submitting an application. 

There is a good reason for that, namely that the regulators are 

interested in assuring that when they receive an application, 

it not only complies with the regulations, but it also meets the 

agency’s expectations. Though the healthcare regulations are 

detailed, they can never cover each and every aspect of the drug 

lifecycle. There is always room for ambiguity and interpretation. 

If these issues can be addressed well before an application, 

then so much the better, as they will not unnecessarily delay the 

approval of your drug. A win-win situation one should assume.

So why not take advantage of the offering? Maybe there 

is a thorough belief in one’s capabilities and approach to 

compliance. Maybe you don’t dare ask for fear of asking a 

silly question? Remember the old adage: There’s no such 

thing as a silly question! Avoiding an uncertainty warrants 

certain disaster. Maybe you expect your questions will not be 

answered. You won’t know until you have tried asking. Maybe 

you fear you may not like the answer. Isn’t it a lot better to 

know about the agency viewpoint early on?

Clearly, there is a good case for seeking a meeting with 

the agencies to present your innovative approach. Yes, a lot 

rides on preparing thoroughly for such a meeting, making 

sure you present clearly, succinctly, and convincingly. Make 

sure you seek feedback on those areas that you think may get 

challenged. 

Even if you still cannot convince your senior managers 

of the undoubtedly great benefits of seeking regulatory 

advice through such meetings, you can still pursue some 

alternative channels. These include attending conferences or 

workshops, where you can meet with peers and regulators, 

thereby exchanging views and seeking feedback. Or you could 

actively engage in (special) interest groups through industry 

associations. You may not get feedback from agency staff, but 

certainly from industry peers.

It’s usually better to ask than to run into unexpected issues 

with regulatory agencies at the time of your submission. 

Every day your drug approval is delayed is not only a day of no 

revenue, it is one day more the patients have to wait for your 

product. PT
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Seeking Regulatory Advice

Knowing and addressing regulatory expectations early on can avoid 

unexpected delays later, says Siegfried Schmitt, principal consultant at PAREXEL.
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pharmtech.com/marketplace

Let us introduce you.

Pharma Marketplace is an online directory that 

connects you with 2,000 bio/pharmaceutical 

suppliers around the world. 

ADVANCING DEVELOPMENT AND MANUFACTURING

Brought to you by



Successful treatments require superior real 

world outcomes driven by patient acceptance 

that ensures success with doctors and 

payers. Catalent OptiDose‰ CR and OptiShell‰ 

technologies offer modified release profiles 

for enhanced clinical outcomes and patient 

experience from development to commercial 

supply along with unsurpassed capacity.
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Catalent. More products. Better treatments. Reliably supplied.™    

us + 1 888 SOLUTION (765-8846)  eu 00800 8855 6178  catalent.com

better treatments by design.™

overcoming compliance 
challenges in patients

improved patient 
acceptance & adherence

better outcomes for 
patients & innovators

early phase dose 
design optimization

OptiShell‰ Technology: The only FDA 

approved non-gelatin softgel with expanded 

API compatibility, delivering semisolid 

formulation for extended drug release

OptiDose‰ CR platform: With 50+ modified release 

products on market, OptiDose‰ CR provides a 

comprehensive development and manufacturing 

solution for a wide-range of solid oral dosage forms 

for patients 

Lower Dose Burden & 

Frequency. Improved 

therapeutic profiles.

for molecules 

Optimal API Release. 

Gastric Protection. 

Dose Uniformity.

OPTIDOSE‰ CR 

OPTISHELL‰ 

come & visit 
us at

crs 2018

booth 53
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