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from the editor

F
or more than 15 years, Pharmaceu-
tical Technology has conducted a 
survey of the bio/pharma employ-

ment environment to assess trends, 
patterns in salaries and benefits, and 
employee satisfaction with careers in 
the industry. 

In addition to the compiled statistics 
from the 2017 survey (1) reported in 
this issue (2), the survey gathers par-
ticipant commentary to open-ended 
questions on several employment-
related topics. As expected, when you 
ask people for anonymous feedback 
about their work, the answers range 
from amusing to angry to thoughtful. 
Most important, the comments pro-
vide honest feedback about a deeply 
personal topic: the employee’s chosen 
profession, source of income, and the 
contributions they make to a cause. 

Recurring themes in the comments 
included:

• The inf luence of outsourcing 
continues to grow, shifting em-
ployment opportunities from bio/
pharma companies to contract 
service providers.

• Staf f reductions occurred in 
some functional areas, but in-
creased in others.

• Leadership at the management level 
is lacking in some organizations. 

• The competitiveness of the job 
market depends on geographic 
location. In competitive areas, it 
is very difficult to find and retain 
qualified talent.

• The small-molecule market seg-
ment is contracting; as the biolog-
ics segment assumes more of the 
market share, some pharma vet-
erans are looking for biopharma 
opportunities. 

The need for adequate staff ing, 
skilled personnel, and training was 
another common theme. Respondents 
cited a need for training in leadership 
and management skills, regulatory 
science and affairs, technical manage-
ment, and advanced technology skills.

Limited availability of qualified 
workers can have a negative effect 
on bio/pharma industry growth. Eric 
Langer noted that employment con-
cerns are one roadblock to continuing 
growth for the biopharmaceutical in-
dustry (3). More than one-half of bio-
processing facilities experienced capac-
ity problems in 2017 due to difficulties 
in hiring needed operations staff. Out-
sourcing manufacturing processes due 
to staff limitations may not be a solu-
tion, he noted, as contract manufactur-
ers also face hiring problems.

Up to the job?
In the 2017 survey, less than 5% of 
the respondents said new hires were 

“extremely” well trained for their job 
functions. Nearly 85% of respon-
dents ranked new hires as “adequately 
trained, but not exceptional,” and 
more than 14% said the new hires were 

poorly trained, “I don’t understand 
how they got their jobs.”

Respondents also noted the need for 
training. Approximately 60% of the re-
spondents expressed some dissatisfac-
tion with the lack of training and con-
tinuing education at their organization. 
Nearly one-quarter said the company 
did not provide adequate training for 
basic skills; 40% said the company did 
not provide advanced training for em-
ployee professional growth.

Drug companies need highly skilled, 
knowledgeable scientists, engineers, 
technicians, and professionals to de-
velop and manufacture new therapies. 
Bringing a new drug to market is a 
long-time, high-investment endeavor. 
Demands for financial performance, 
however, have short-term horizons. 

Both employers and employees need 
to address the training questions.  What 
are the responsibilities of employees to de-
velop their own workplace skill sets? Will 
their personal investment in training and 
education result in career or salary ad-
vances? Are bio/pharma companies will-
ing to invest in training? Will that train-
ing be sufficient to provide for the skilled 
workforce needed to get the job done?

References
 1. 2017 Pharmaceutical Technology/Pharma-
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PRODUCT SPOTLIGHT

Telemanipulator for 
Remote-Handling Systems
The VERSA Telemanipulator from 

Central Research Laboratories 

(CRL), a Destaco company, is 

suited for remote-handling 

applications that involve spe-

cific customization require-

ments. The device is available 

sealed or unsealed and offers 

medium-duty (MD) and heavy-

duty (HD) models with lifting 

capacities of 20 lbs (9.0 kg) and 50 lbs (22.7 kg), respectively. Device 

features include a three-piece design, a manual Command Arm 

Z Indexing for operator height adjustment, removable/change-

able wrist joints, a remote-mounted drive system, an adaptable 

seal tube for interchangeable use with MD or HD models.

Additionally, according to the company, the device 

uses the VR8 Handle System, which provides adjustability 

and heel to prevent slippage, long handle length, a quick-

release clamp for efficient and tool-free changeouts, and 

user-friendly tang/hilt, base, and activation buttons.

Central Research Laboratories

www.destaco.com

Gas Analyzer for 
TGA/TA Analytics

The Hiden ExQ quantitative gas 

analyzer is a mass spectrometer 

system providing continuous 

on-line analysis of dynamic gas 

streams at pressures from sub-

atmospheric up to 30 bar. The system 

has a range of process interface 

options that enable adaptation 

of the system for direct connection to the majority of standard 

thermogravimetric analysis and thermal analysis instruments.

The system monitors gaseous species through the mass range 

to 300 amu. Minor species composition is measurable down to 

100 part-per-billion. External process data, sample temperature, or 

sample mass change can be imported for combined integration 

and presentation with the mass spectral data. An optional carbon 

monoxide analyzer monitors low levels of carbon monoxide. 

The inlet system operates at up to 200 °C with response times 

less than 300 milliseconds. The fully integrated system is config-

urable both for benchtop and for rack-mounting operation and 

is mountable as standard up to 2m from the sampling point.

Hiden Analytical

www.hidenanalytical.com

Oven Autosampler for 
Automated KF Titration
The InMotion Karl Fischer (KF) Oven 

Autosampler from Mettler Toledo 

is suited for KF titration and comes 

in two models: InMotion Flex and 

InMotion Pro. Features include a 

vial with a one-piece screw cap 

for sample preparation safety, an 

automatic gas flow meter for gas 

flow control, and a temperature scan function that can determine 

a substance’s ideal heating temperature in one run containing up 

to 120 samples without stopping, according to the company.

The instrument allows up to 26 samples to be analyzed on a 

25-centimeter platform. The Pro model offers three platforms 

and vial size, with customizable sizes available. The procedure 

calibrates both the oven temperature and the gas flow rate to the 

titration cell, complying with current Official Medicines Control 

Laboratory (OMCL) guidelines (Qualification of Automatic Titrators, 

2016). Details are documented with certificates, and the company 

provides service and support throughout the product’s entire 

lifecycle. Additionally, both models connect to the latest versions 

of the company’s Volumetric (V30S) and Coulometric (C30S) KF 

Titrators, as well as to the modular T7 and T9 Excellence Titrators.

Mettler Toledo

www.mt.com

CIP-Ready Ultra-
High Shear Mixer

The Ross, Charles & Son Ross 

X-Series is a clean-in-place (CIP) 

ready ultra-high shear mixer for 

inline emulsification, particle size 

reduction, and homogenization. The 

device features a patented rotor/

stator that runs at speeds more 

than 11,000 ft/min, and forces 

product through concentric rows of intermeshing teeth. The 

combination of high fluid velocity and close tolerances 

between interlocking channels in the rotor/stator subjects the 

product to mechanical and hydraulic shear in a single pass. 

CIP-ready models are driven by a washdown-duty motor. All 

wetted parts are type 316 stainless steel machined to 32 Ra finish. 

The mix chamber, rated for 150 psig at 250 °F, includes tri-clamp 

inlet/outlet connections and can be supplied with a heating/cooling 

jacket. It is designed for thorough cleaning and disinfection, with 

no dead zones where product can collect. The X-Series is equipped 

with a heavy-duty bearing assembly that comprises an oil sump 

with cooler and circulation pump for use in continuous operations.

Ross, Charles & Son

www.mixers.com



EVENT OVERVIEW

Successfully sourcing commercial products for comparative studies in an 

effective and efficient manner often proves far more challenging than 

assumed and involves input from several functional areas. All too often, 

however, these teams work in a linear versus collaborative fashion. This lack 

of synergy can may lead to a sourcing effort that falls short of timeline or 

budget targets. 

Building a comprehensive sourcing plan is a multidisciplinary effort. The 

plan should include insight from the comparator sourcing specialist and the 

clinical supply manager alike.  The sourcing specialist will have knowledge 

of any challenges associated with acquiring the necessary product(s), while 

the clinical supply manager will examine other study variables that may 

impact supply and compile demand forecasts. Tight collaboration between 

these two critical functional areas is crucial to executing an optimized and 

coordinated approach to comparator sourcing, inventory management, and 

supply chain performance. 

This webcast will examine the key areas of expertise that the comparator 

sourcing specialist and clinical supply manager each contribute to the 

development of a comprehensive sourcing plan. We will discuss how 

practical experience and having strong industry relationships not only 

impact the sourcing plan but can impact the willingness of innovators and 

downstream suppliers to make the requested product available as well. 

Key Learning Objectives

■ The importance of having a clear forecast (for sponsors and downstream 

suppliers alike)

■ The benefit of having both the comparator and clinical supply 

management functions working in synergy to optimize strategy

■ The importance of collaboration and transparent communication 

between all parties 

■ How using an optimized approach can improve inventory management 

and supply chain performance

For questions, contact Kristen Moore at kristen.moore@ubm.com

Sponsored by Presented by 

Beyond the Buy:  
The Critical Role of Data, Relationships, and  

Experience in Comparator Sourcing Success

Who Should Attend

■ Pharma/biotech clinical supply managers/

directors

■ Supply chain managers/directors/VP

■ Clinical operations mangers/directors/VP

■ Industry consultants, comparator sourcing/

commercial sourcing, procurement

Presenters

Chris Greco

Manager Comparator & 

Ancillary Supplies

Catalent Pharma Solutions 

John Davis

Senior Clinical Supplies 

Manager, Clinical Supply 

Services

Catalent Pharma Solutions

Moderator:  

Rita Peters

Editorial Director

Pharmaceutical Technology

ON-DEMAND WEBCAST    Aired November 9, 2017

Register for free at www.pharmtech.com/pt_p/sourcing 
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regulatory watch

A
dvances in biomedical science 
transformed medicine in 2017, as
seen in FDA approval of the first

gene therapy that modifies human 
cells to treat and possibly cure a deadly 
disorder. Recent months have wit-
nessed the emergence of truly break-
through therapies, led by Novartis’ 
CAR-T therapy Kymriah (tisagenle-
cleucel) for patients with relapsed
acute lymphoblastic leukemia; this
approval was followed by Yescarta 
(axicabtagene ciloleucel) from Gilead 
Sciences and Kite Pharma for broader 
treatment of a similar lethal condition. 
Spark Therapeutics’ Luxturna (voreti-
gene neparvovec) promises to cure a 
rare genetic eye disorder that causes
blindness. FDA reports that some
40 companies are developing CAR-T
technologies for multiple indications
and that it is monitoring more than 
600 active investigational new drug
applications (INDs) related to gene 
and cellular therapies.

Biopharma researchers also are 
achieving success in developing oligo-
nucleotide therapies, including anti-
sense drugs and short interfering RNA
treatments (siRNAs) that can modulate
immune pathways. Safety issues de-
railed advances in this area some 20 
years ago, but now better understand-

ing of oligo chemistry and product 
characterization are driving research 
programs. FDA set the pace in approv-
ing Biogen’s Spinraza (nusinersen) in 
December 2016, a first treatment for
spinal muscular atrophy, which is often 
fatal for infants. More controversial 
was FDA’s approval of Sarepta Thera-
peutics’ Exondys 51 (eteplirsen) to treat 
Duchenne muscular dystrophy, due to 
its reliance on an uncertain surrogate 
endpoint to demonstrate efficacy.

Scientific advances in genome edit-
ing technology, such as CRISPR-Cas9,
also expand possibilities for using 
gene editing techniques to correct 
disease-causing mutations. While 
systems that edit DNA are hard to 
reverse, changes from RNA-editing 
procedures disappear over t ime,
which can be a plus, or a liability, de-
pending on the situation. Although 
the long-term effects of these drugs 
are unknown, these initial successes 
have spurred optimism about fur-
ther development of treatments for
both rare and more prevalent serious 
conditions, particularly neurological 
diseases such as ALS, Alzheimer’s dis-
ease, and Huntington’s disease.

CMC challenges
Better understanding of manufactur-
ing, formulation, and pharmacology 
of these emerging products is impor-
tant in advancing development beyond 
early testing stages. At a conference in
October 2017 on oligonucleotide-based 
therapeutics sponsored by FDA and the
Drug Information Association (DIA), 
experts explored strategies for tackling
quality risk management, setting speci-
fications, and assuring compliance with

chemistry, manufacturing, and control 
(CMC) standards for experimental 
treatments. Presentations covered the
importance of control strategies and the
need to characterize and qualify impu-
rities, including the use of platform data 
in assessing oligo impurities.

Firoz Antia, director of technical 
development at Biogen, described the
complexities of addressing CMC issues 
in developing Spinraza, citing chal-
lenges in establishing impurity con-
trols for starting materials, achieving
process consistency, and classifying
critical vs. non-critical limits. Speci-
fications for clinical batches had to be 
negotiated, along with strategies for 
gaining waivers from in-country test-

New gene therapies and combination products 

require innovative regulatory approaches. 

Jill Wechsler

Transformative Medicines 
Challenge FDA and 
Manufacturers

Better understanding of manufacturing, 

formulation, and pharmacology of 

these emerging products is important 

in advancing development beyond early 

testing stages.
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ing requirements for limited clinical 
supplies. FDA approved Spinraza with 
a number of post-approval study and 
quality assessment commitments, in-
cluding programs to re-evaluate drug 
substance method validation data and 
acceptance criteria, to re-examine im-
purity acceptance criteria based on 
data from commercial batches, and to 
conduct stability testing on drug prod-
uct process validation batches. The 
company also may find it appropriate 
to tighten specification limits and may 
explore room temperature storage pos-
sibilities and a continuous manufactur-
ing system for future production. 

These challenges were echoed by Vid-
hya Gopalakrishnan, senior vice-presi-
dent at Quark Pharmaceuticals, which 
has several oligo compounds in clinical 
trials. Development involves controlling 
for impurities in clinical supplies and 
establishing CMC strategies for global 
product development, he observed. And 
process scale-up further requires identi-
fication and qualification of thresholds 
and specifications.  

Combos crucial
The process of developing and delivering 
cutting-edge gene therapies also involves 
ensuring reliable and accurate delivery 
and dosing for patients, objectives that 
increasingly involve devising combi-
nation products that utilize prefilled 
syringes and autoinjectors for safe and 
accurate patient treatments. Biopharma 
manufacturers thus face additional chal-
lenges in working with device makers to 
devise, test, and produce reliable and effi-
cient combination products, commented 
Bret Coldren, director of pharmaceutical 
development at Ionis Pharmaceuticals at 
the oligo conference. He emphasized the 
importance of establishing and evaluat-
ing device design controls early in drug 
development and of ensuring compat-
ibility of the components, as drug viscos-
ity may affect syringe design, and inhala-
tion devices need to efficiently target a 
lung treatment. 

Provisions in the 21st Century Cures 
Act and in the FDA Reauthorization 
Act (FDARA) approved in August 2017 
bolster FDA’s Office of Combination 

Products (OCP) and its role in advis-
ing on whether a new combination 
therapy should be designated as a drug, 
biologic, or device, key to determining 
which FDA center serves as the regula-
tory lead. OCP officials and other FDA 
staffers outlined the latest developments 
in this area at a DIA conference on com-
bination products, also in October in 
Bethesda, MD, highlighting efforts to 
update existing guidances and to pre-
pare additional advisories on labeling 
issues and bridging studies. 

A main OCP initiative is to provide 
more assistance to manufacturers, 
particularly those developing more 
complex cellular and gene therapies 
that seek to utilize auto injectors, me-
tered dose inhalers, and nasal sprays. 
OCP receives hundreds of inquiries 
on issues related to product classifica-
tion, many seeking early advice on the 
regulatory designation process. FDA 
officials emphasize the importance of 
achieving consistency throughout the 
agency in making timely decisions on 
combination product oversight to sup-
port the development and approval of 
innovative drug delivery approaches. 

Strategies for complying with good 
manufacturing practices (GMPs) are 
important in developing combination 
products, which face different rules on 
quality manufacturing for drug and de-
vice components. FDA has been working 
to explain and streamline the process for 
meeting manufacturing standards for 
both components, as seen in guidance 
that was finalized in January 2017 (1); 
further clarification of the process is due 
next year. FDA officials say they are open 
to considering alternative proposals from 
manufacturers for GMP compliance and 
advise firms to indicate clearly in sub-
missions how multiple facilities aim to 
achieve standards. 

Another key issue for combination 
products is to understand and comply 
with human factor study requirements. 
Guynh Nhu Nguyes, associate direc-
tor for human factors in the Division 
of Medication Error Prevention and 
Analysis in the Center for Drug Evalu-
ation and Research (CDER), outlined 
at the oligonucleotides conference how 

human factors testing can ensure ap-
propriate dosing and drug delivery and 
avoid medication errors and patient 
harm. FDA published a draft guidance 
in February 2016 on human factors 
studies for combination products (2) 
and is reviewing comments to finalize 
the policy. 

Strategies for 

complying 

with GMPs are 

important in 

developing 

combination 

products.

As FDA and industry continue to 
scope out regulatory pathways to bring 
critical new therapies to patients, they 
will be looking for strategies to address 
the high cost of gene and other break-
through products that threaten to limit 
patient access to treatment. Current 
processes for developing and deliver-
ing complex new drugs are expensive 
and contribute to higher prices for these 
vital therapies. The situation puts a pre-
mium on efforts by FDA and biopharma 
companies to identify efficiencies and 
improved methods for testing and pro-
ducing cutting-edge medical technolo-
gies. It also highlights the importance of 
strategies that encourage coverage and 
reimbursement for life-saving therapies 
by both public and private payers. 
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A
n efficient, effective drug de-
velopment and manufacturing 
operation is crafted by talented, 

experienced pharmaceutical scien-
tists and engineers. Synthesizing the 
recipe for success can be daunting in 
the current business environment. 

The US unemployment rate, at 
4.1%, is at the lowest level in 16 
years. More complex molecules de-
mand more sophisticated formula-
tion methods. Advanced technology 
for pharmaceutical manufacturing 
will increase the required skill sets 
of bio/pharma workers. The industry 
also faces gaps in know-how and ex-
pertise as “baby boomer” employees 
head to retirement. 

These factors suggest a challenge 
for bio/pharma employers and a 
positive employment picture for bio/

pharma employees seeking to start 
or advance careers in the bio/phar-
maceutical industry. Mix in finan-
cial pressures from shareholders and 
payers, pressure to reduce costs, glo-
balization, and generic-drug compe-
tition, however, and the final result 
may be conf lict between employer 
priorities and employee career paths.

Respondents to Pharmaceutical 
Technology’s annual employment 
survey (1) shared opinions about 
the current employment environ-
ment, expressed reservations about 
compensation and workloads, and 
indicated that better career oppor-
tunities were a top priority. 

While nearly 40% of the respon-
dents reported that business in-
creased compared to 2016, fewer 
respondents felt “more secure” in 

their positions in 2017 (19.1%) ver-
sus 24% in 2016 (2); however, fewer 
respondents said they felt less secure 
in 2017 (27.8%) compared with 32.6% 
in 2016. 

Opinions about the job market 
varied. While 44.3% said the job 
market was moderately competi-
tive, one-quarter said the market 
for jobs was competitive; there are 
more qualified candidates than open 
jobs. The remaining 30% said there 
are few qualified applicants for open 
positions and employers must com-
pete for qualified candidates.

Survey respondent profile
More than 480 bio/pharma profes-
sionals from around the world re-
sponded to the survey, which was 
f ielded in September and October 
2017. Respondents primarily were 
fu l l-t ime, permanent employees 
(87.3% of respondents) at innova-
tor bio/pharmaceutical companies 
(33.8%), generic-drug manufacturing 
companies (11.6%), contract research 
and manufacturing organizations 
(15.8%), and consulting firms (6.4%).

The represented companies de-
velop or manufacture both small- 
and large-molecule drugs, vaccines, 
and cel l therapy or regenerat ive 
medicines at privately held compa-
nies (40.4%), publicly traded com-
panies (40.2%), and non-profit/aca-
demic/government groups (14.2%).

Respondents reported a range of 
job responsibilities from R&D, to 
manufacturing, to quality control/
assurance. More than 42% work for 
companies with more than 5000 em-
ployees; more than 34% work for com-
panies with fewer than 500 employees.

Compared with previous years, 
the respondents reported more ex-
perience working in the bio/pharma 
industry; 24.6% had fewer than 10 
years of experience, 28.8% had 10–20 
years, 37.4% had 20–35 years of ex-
perience, and 9.2% have worked in 
the industry for more than 35 years. 
About half of the respondents said 
they worked outside the bio/pharma 
industry for up to five years.

Formulating
a Recipe for 
Bio/Pharma 

Career Success 
Rita Peters

Attrraacting and retaiinning quuaalifiedd 

bio//ppharma expertss ddemanndds a miix oof 

recoognition,, rewarddss, and ooppportuunitties. 
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I am paid below market value, considering 
my level of expertise and responsibility.

18.7%

21.0%

I am paid within market value for 
my job function, but at the low end 
of the range, considering my level 

of expertise and responsibility.

35.3%

41.1%

I am paid fairly for my level of 
expertise and responsibility.

43.6%

36.7%

I am paid excessively for my level 
of expertise and responsibility.

2.3%

1.2%

I

60% How secure do you feel 
in your job compared 
with last year?

60%

4.7%

8.9%

34.5%

■ 2017

■ 2016

27.8%

32.6%

51.2%

43.4%

■ 2017

■ 2016

19.1%

24.0%

Does your current salary 
reflect a change over 

last year’s salary?

50%

$$$ $$$ $$$ $$$ $$$

$$$ $$$$$$ $$$ $$$

$$$ $$$ $$$ $$$ $$$

$$$ $$$ $$$ $$$ $$$

$$$ $$$ $$$ $$$ $$$

$$$ $$$ $$$ $$$ $$$

$$$ $$$ $$$ $$$ $$$
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Please rate your satisfaction with your current salary.
■ 2017

■ 2016

32.5%

56.5%

62.9%
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Bio/pharma workers contemplate 
job and career changes.

My company provides adequate 
training for basic jobs skills.

Due to rounding, 
some percentages 
may not add up 
to 100%. Some 
questions allowed 
multiple answers.

Results based 
on 2017 
Pharmaceutical 
Technology 
employment survey.

 ● Strongly Agree

 ● Somewhat Agree

 ● Somewhat Disagree

 ● Strongly Disagree

 ● Strongly Agree

 ● Agree

 ● Disagree

My company provides advanced training for 
employee professional growth.

 ● Strongly Agree

 ● Agree

 ● Disagree

I would like to leave my job, 
given the opportunity.

I do not expect to leave my 
job in the coming year.

I would like to change careers and 
leave the bio/pharma industry.

In your career, how long, 
on average, have you stayed 
with the same employer?

If it were necessary for you to change jobs this year, 
how would you assess the job market?

2017 2016

It would be straightforward to find a job 
comparable to the one I have now. 25.8% 20.4%

It would take a while, but I would be able to 
find a job comparable to the one I have now. 44.4% 46.9%

It would be straightforward to find a job, but it prob-
ably wouldn't be as good as the one I have now. 14.8% 15.8%

I would have to search hard and be pre-
pared to take what I could get. 15.1% 16.9%

 ● Less than 2 years

 ● 3 to 5 years

 ● 6 to 10 years

 ● 11 to 20 years

 ● More than 20 years
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More work, less play …
Workloads increase slightly in 2017, 
with 60.9% reporting increases com-
pared with 59.4% in 2016. More than 
one-third of the respondents (36.5%) 
say they worked more hours in 2017 
than two years ago, similar to re-
sponses in previous years. While 56.3% 
of the respondents said they were 
contracted to work approximately 40 
hours per week, only 21.6% reported 
working 40 hours. Nearly one-third 
(31.4%) said they were contracted for 
more than 40 hours per week; however, 
more than 70% of the respondents said 
they work 40 or more hours per week.

More than 42% of US-based em-
ployees reported two to three weeks of 
vacation time; 37.1% reported four to 
six weeks. In comparison, 87% of the 
European-based respondents reported 
four or more weeks of paid vacation. 
Of all respondents, 27.3% reported that 
they used their full allotment of vaca-
tion, personal, and sick time. A similar 
percentage (22.5%) said they used less 
than half of the available time off. Eu-
ropean-based respondents (70%) were 
more likely to use at least three-quar-
ters of their paid time off compared to 
US-based respondents (57.4%).

But more pay
Nearly two-thirds of the respondents 
(62.9%) reported pay increases in 2017, 
up from 56.5% in 2016, the highest 
percentage reporting increases since 
2014. Satisfaction with salary levels 
improved compared to the past two 
years; however, more than half (54%) 
were dissatisfied with their compen-
sation. More than 35% of the respon-
dents said they were paid at the low 
end of the salary range for their job 
function for their expertise and re-
sponsibility; 19% said they were paid 
below market value.

Benefits are also a key element of 
employee satisfaction. While more 
than one-third (36.2%) of the respon-
dents reported an increase in the cost 
of health insurance, only 8% noted an 
improvement in coverage. Retirement 
benefits were unchanged; less than 14% 
reported an increase in bonuses.

In for the long term?
While three-quarters of the respon-
dents have more than 10 years of ex-
perience in bio/pharma, 28.9% stayed 
with the same employer—on average—
for three to five years, a decline from 
34.1% in 2016. More than 30% of the 
2017 respondents said they stayed with 
an employer for an average of 6–10 
years; 35.3% stayed with the same em-
ployer for more than 10 years.

In addition to salary and benefits, 
employee recognition can play a role 
in job satisfaction. Most respondents 
said their work is fully valued by their 
employer (32.2% strongly agreed; 
46.2% agreed). More than three-quar-
ters of respondents said their skills 
and training are used to the fullest 
level. Only 56.8% see opportunity for 
career advancement in their current 
position; 68.4% reported opportuni-
ties for professional advancement at 
their current companies.

Compared to previous surveys, 
fewer respondents to the 2017 survey 
identified a single factor as motivation 
to work or a sole reason to change jobs. 
Challenging projects (33.2%), intellec-
tual stimulation (33.2%), a good work/
life balance (26.6%), and a high salary 
(26.3%) were the top factors respon-

dents cited as “the main reason I come 
to work.” Work/life balance (33.2%), 
professional advancement (30.6%), and 
salary (28.3%) were the top factors for 
changing jobs. Overall, respondents 
were tolerant of negative workplace ac-
tivity; only a small fraction cited single 
factors that would cause them to quit 
their jobs; issues with management 
(14.9%), low pay (12.3%), discrimina-
tion (11.5%), and negative attitudes 
(11.4%) were most frequently cited. 

Seeking better opportunities
More than half of the 2017 respondents 
(54.6%) “agreed somewhat” or “agreed 
strongly” that they would “like to leave 
their job, given the opportunity,” down 
slightly from the past two years. More 
than one-third said they were “likely 
to leave my job voluntarily in the com-
ing year,” and 13.5% expected to leave 
their job involuntarily. In a somewhat 
concerning result, nearly 23% said they 
would like to change careers and leave 
the bio/pharma industry.

While the desire to change posi-
tions is strong, the number of people 
actually changing jobs is significantly 
less, but growing. In 2016, 17.2% of 
respondents reported a voluntary job 
change; in 2017, that number jumped 
to 21.7%.

Confidence levels of those seeking 
new bio/pharma positions continued 
to rise in 2017; 25.8% said it would be 
straightforward to find a comparable 
new job; 44.4% said it may take a while, 
but they would be able to find a compa-
rable position. The percentage of less-
optimistic job seekers declined slightly, 
14.8% said it would be straightforward 
to find a job, but the new job probably 
would not be as good as the current 
position; 15.1% anticipated a difficult 
search and they would have taken 
whatever position was available.
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ceutical Technology Europe Employment 
Survey, Pharmaceutical Technology,  2017.

 2.  2016 Pharmaceutical Technology/Phar-
maceutical Technology Europe Employ-
ment Survey, Pharmaceutical Technol-

ogy,  2017.  PT

%
e 
0 
d 
d
r 
r, 
d 
.

m-
f
o 
e
d

Which statement best describes the 
job market for scientific or technical 
positions in bio/pharmaceutical 
development and manufacturing 
in your geographic area?

 ● Competition for open positions is strong.

 ● Competition for open positions is moderate.

 ● Employers compete for qualified candidates.
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F
low chemistry is no longer a novel 
technology largely relegated 
to drug discovery laboratories. 

Most pharmaceutical companies and 
some contract manufacturers have 
embraced continuous manufactur-
ing to some degree for both drug 
substance and drug product manu-
facturing. Several factors are con-
sidered when determining whether 
batch or f low production methods 
are warranted.

Considering the hazards
The switch from batch to flow chemis-
try is often driven by the need to per-
form hazardous reactions, according to 
Matthew M. Bio, president and CEO of 
Snapdragon Chemistry. “Flow chem-
istry is an excellent way to deal with 
gas/liquid reactions and reactions that 
are run under high pressures, at high 
temperatures, or that involve unstable 
intermediates that require low tem-
peratures,” he says.

At Hovione, the hazard source is 
f irst identified. In addition to the 
above examples, highly exothermic 
reactions and reactions with highly 
toxic/corrosive reactants are also good 
candidates according to Rui Loureiro, 
director R&D process chemistry devel-
opment with the company. “Reactions 
that involve hazards that cannot be 
easily controlled under batch condi-
tions are typically performed using 
flow chemistry,” he says. 

Loureiro does note, however, that 
not all hazardous reactions are auto-
matically switched to f low chemistry. 

“Many catalytic hydrogenations and hy-
drolysis reactions have been performed 
in batch for a long time in a safe man-
ner. In such cases where safety is not 
compromised, the decision to move 
to f low should consider the required 
throughput versus the investment in 
time and costs,” he observes.

Reactions that involve suspensions 
are also often a challenge in f low 
chemistry, particularly during the de-
velopment stages using smaller equip-
ment, according to Filipe Ataíde, team M

A
R

A
M

/S
H

U
T

T
E

R
S

T
O

C
K

.C
O

M

Foor mmanyyy prroocessess innnvoolvvinnng hhaazaaarddouus

chhemmmistrryy, ruuunnninggg innn flloww mmmoodee

haas saafetyyy annnd eeconnnommmicc aadvvvanntaageees.

Hazardous Chemistry: 
Choosing Batch or Flow
Cynthia A. Challener

leader of Hovione’s continuous manu-
facturing group. “Such processes often 
must be studied at much lower concen-
trations, which can make it difficult to 
define the benefits of flow versus what 
can be achieved in the batch process,” 
he comments.

The reaction time/rate is usually the 
primary indicator as to whether the re-
action is practical in flow, according to 
Bio. Long reaction times would result 
in tubular or continuous stirred-tank 
reactors that are quite large. For these 
slow reactions, however, flow chemistry 
still presents opportunities. “With the 
expanded processing windows avail-
able in f low (e.g., pressure, tempera-
ture), many reactions that at first glance 
would appear as poor candidates for 
flow can be successfully developed as 
continuous processes,” he asserts. 

Knowing the process kinetics also 
helps convert batch processes to f low, 
since the equipment can be designed 
to fit the kinetics, agrees Rudi Oliveira, 
an R&D chemist in Hovione’s continu-
ous manufacturing group. “The deci-
sion to use flow chemistry in a process 
should be taken as soon as possible, 
however, and preferably at the start of 
process development so reactors can be 
designed early and delays be avoided,” 
he notes. 

Equipment and cost considerations
Designing the equipment setup is key 
in f low conditions, according to Lou-
reiro. While the equipment must be as-
sembled to obtain the best performance 
out of the process, it should also miti-
gate the different hazards. “One exam-
ple is a very fast reaction (< 1 sec) that 
produces a significant exotherm. The 
equipment designed for this process 
must be dimensioned to perform the 
reaction in the appropriate time, but it 
should also be capable of removing the 
heat generated efficiently,” he explains.

Loureiro also notes that a variety 
of engineering solutions have been 
developed over the years to make it 
possible to perform certain hazard-
ous processes safely in flow and avoid 
the use of expensive reagents or long 
synthetic routes that in batch would be 
required to work around those issues. 
Ataíde points to tube-in-tube technol-

Cynthia A. Challener is a contributing 

editor at Pharmaceutical Technology.
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ogy for gas/liquid reactions, which pro-
vides a different type of control at the 
interface between the two phases than 
is possible when simply bubbling a gas 
into the liquid phase, as an example. 

“The evolution of f low chemistry is 
highly dependent on the engineering 
solutions that are developed,” adds 
Loureiro. The arrival of 3D-printed 
reactors is a good step towards the re-
quired flexibility to better address the 
various chemistries.

From a larger perspective, according 
to Bio, as f low chemistry has success-
fully moved from a laboratory curios-
ity to an actual production technology, 
there are opportunities to use continu-
ous manufacturing not just as a tool to 
address a single problematic step, but 
as a technology that allows new oppor-
tunities, both technical and economic, 
when an entire process end-to-end can 
be done in flow. 

He also notes that while the cost of 
developing a commercial batch pro-
cess need not be paid until late in de-
velopment, the cost of f low processes 
is generally paid up front, but in the 
long run can be significantly lower. 

“Flow provides unique opportunities 
in automation that promise to greatly 
reduce the cost of development,” Bio 
says. Snapdragon is currently build-
ing an autonomous flow chemical de-
velopment platform that promises to 
dramatically speed the discovery and 
development of flow processes.

Reasons for going with the flow
Flow chemistry is typically safer for 
hazardous reactions due to downsiz-
ing of the reactivity zone, which also 
provides increased heat and mass 
transfer, and higher precision in con-
trolling process parameters, according 
to Oliveira. “A flow system will always 
have a much smaller volume of reactive 
stream and thus is intrinsically safer 
than batch,” Bio explains. Flow sys-
tems are also typically small footprint 
reactors, so containment for highly po-
tent APIs is much easier.

Flow typically also provides much 
greater control over the process vari-
ables that could impact product qual-

ity, even if the quality of the input ma-
terial is variable, which can result in 
improved product quality relative to 
batch, adds Bio. 

From an economic perspective, flow 
systems typically have significantly 
lower capital costs than a comparable 
batch reactor and are readily auto-
mated, resulting in lower operating 
costs, according to Bio.

Barriers to switching 
from batch to continuous
Despite the fact that f low chemistry 
can enable hazardous reactions to 
be performed on a commercial scale 
that cannot be safely conducted under 
batch conditions, barriers to the ad-
vancement of f low chemistry do 
exist. “The biggest barrier is the lack 
of expertise needed by process devel-
opment chemists. To truly develop 
robust and scalable f low processes, 
practitioners need to have a good un-
derstanding of physical chemistry and 
reaction design, skill sets not widely 
available,” says Bio. Electrical engi-
neering and computer programming 
expertise are also needed for effective 
implementation of automation and 
real-time analytical technologies, also 
skills that many process development 
professionals do not have. Bio also 
notes that collaboration is needed be-
tween chemists, engineers, and ana-
lytical scientists.

From a technical standpoint, Bio 
notes that the laboratory tools avail-
able for f low chemistry development 
today typically don’t easily translate 
to pilot or commercial scale, which 
inhibits adoption of the technology. 
To address this issue, Snapdragon has 

developed laboratory platforms that 
directly translate to pilot-scale plat-
forms to facilitate a rapid design to 
delivery cycle. More analytical tools 
specifically designed to work with 
f low systems are also needed. “It is 
through these analytical tools and the 
integration of them into the process 
control strategy where the true power 
of f low over batch is to be realized,” 
Bio states. 

Real potential for 
supply chain improvements
The combination of small footprint 
and low capital and operating costs 
allows for new ideas in supply-chain 
management and supply risk mitiga-
tion, according to Bio. “Multiple f low 
plants can be built and deployed to 
ensure robust supply chains. The low 
cost also means that there is minimal 
penalty for over building production 
capacity, which can eliminate the risk 
of drug shortages.”

In addition, Bio says that process 
development chemists should strive 
to eliminate hazards where ever pos-
sible, and f low chemistry can be a 
critical tool. Rather than storing hun-
dreds of tons of temperature-sensitive 
intermediates on site for use in batch 
processes, small f low reactors can be 
used to convert stable, non-hazardous 
precursors to the required intermedi-
ates on-demand.

“An on-demand f low system is an 
intrinsically safer situation where no 
explosion can occur,” Bio says. This 
approach would also eliminate the 
need for trucks and rail cars to carry 
hazardous materia ls around the 
country. “The supply chain for most, 
if not all, of these materials could be 
re-imagined in terms of on-demand, 
point-of-use manufacture. Not only 
would this greatly reduce the human, 
environmental, and national security 
risk, but also create resilient supply 
chains able to tolerate local disrup-
tions,” he continues. 

“The question really should be, why 
do we need to run hazardous chemis-
try in batch; flow should be the default,” 
Bio concludes.  PT
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he pharmaceutical industry is 
mainly dominated by tablet for-
mulations, but softgels are gaining 

widespread acceptance as a preferred 
dosage form. “Softgel capsules are a 
popular dosage form in the consumer 
healthcare market because of their 
unique benefits, such as ease of swal-
lowing and quicker onset of action in 
relation to tablet formulations,” says 
Kaspar van den Dries, senior director 
of formulation sciences, solid dosage 
forms, and softgels at Patheon, part of 
Thermo Fisher. “These are important 
considerations for patients when they 
are choosing treatment of pain or al-
lergies.” He also notes that a softgel 
formulation can be used for lifecycle 
management approaches to prescrip-

tion, generic, and over-the-counter 
(OTC) drugs, for cases in which softgel 
technologies can be used to generate 
improved versions of existing drugs.

“In the consumer healthcare mar-
ket, there are plenty of examples of 
softgel success stories. Compounds 
such as ibuprofen, naproxen, and di-
clofenac, when formulated into soft-
gels, have improved performance, 
which is an important consideration 
for the patients,” van den Dries high-
lights. “Another example is chewable 
ibuprofen, a softgel formulation spe-
cifically designed for patients having 
difficulty swallowing. This product 
was launched through a lifecycle 
management approach to existing 
children’s suspension products and 

has been well-received in the Euro-
pean market.” 

According to van den Dries, it is in-
creasingly difficult and complex to de-
velop new compounds, especially with 
the majority of lead compounds in the 
drug development pipeline presenting 
with solubility and bioavailability chal-
lenges. “In this case, a lipid-based for-
mulation in a softgel capsule can pro-
vide significant advances by improving 
the bioavailability of these compounds 
and increasing the chance to obtain 
proof of concept for these molecules,” 
he explains. 

“Softgel is still the most popular 
enabling formulation for bioavail-
ability enhancement, compared to 
other solubilization approaches such 
as spray drying, hot melt extrusion, 
or particle size reduction,” van den 
Dries says, highlighting that most 
products being approved to date are 
lipid-based formulations. “Softgels 
based on lipid formulations make use 
of the body’s digestive pathways. This 
approach is, therefore, a well-estab-
lished route for improving bioavail-
ability, but it is sometimes overlooked 
or considered as a key risk in devel-
opment, mainly because of time and 
cost pressures in early development, 
as companies don’t want to overspend 
in early development, when the prob-
ability of success is still low. The ex-
perienced formulators and senior 
management responsible for these 
compounds are aware of these risks 
and options to reduce them. However, 
because not all companies have the 
internal experience or know-how on 
softgel technologies, you still see pro-
grams with suboptimal formulations, 
which could have been mitigated by 
considering softgel formulations early 
in development.” 

There are also other areas where 
softgel formulations are being con-
sidered, observes van den Dries. “For 
example, softgels can provide reduced 
exposure for highly potent compounds 
(because no powders are involved in 
the manufacturing process) and im-
proved uniformity for low-dose APIs 
compared to tablets,” he says. 

Opportunities 
with Softgels

Adeline Siew, PhD

Softgel capsules are a popular dosage 

form among patients but they also 

provide a number of manufacturing 

benefits over liquid-filled hardgel capsules.
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Softgel versus 
liquid-filled hardgel capsules 
In terms of the manufacturing process, 
softgels provide a number of benefits 
over liquid-filled hardgel capsules. “Liq-
uid-filled hardgel capsules are produced 
through a two-step process. The first 
step is to fill a two-piece hardgel cap 
with liquid, and the second step is the 
subsequent banding of these capsules. 
Small-scale batches are produced using 
a different type of equipment from that 
used to make commercial-scale batches,” 
explains van den Dries. “In contrast, the 
production of softgel capsules, for both 

large- and small-scale batches, can be 
done on the same equipment without 
the necessity of banding. This flexibil-
ity provides significant cost advantages, 
both on unit price and total development 
costs. In addition, a softgel formulation is 
more versatile. By changing the compo-
sition of the fill or the gel material, you 
can obtain a chewable, gummy formula-
tion that makes the medication easy to 
ingest for children, or people who have 
difficulty swallowing (e.g., elderly). With 
softgels, there are also opportunities to 
create an enteric-release formulation, or 
even a controlled-release, abuse-deterrent 

formulation. All of these formulations 
can be produced on the same equipment. 
Globally, there is more capacity available 
in softgel manufacturing than there is 
available for liquid-filled hardgel capsules, 
hence, providing more flexibility in the 
supply chain of products.

The burst strength test
Softgels are dynamic systems where the 
fill and shell compositions, fill–shell in-
teraction, and process parameters can 
have a substantial influence on the soft-
gel integrity, highlights Melanie Bayarri, 
formulation development scientist at 

Formulation

Bringing together the benefits of lipid-based formulations and modified-release drug delivery

Lipid-based systems with modified-release profiles present exciting oppor-

tunities for drug developers. “On the one hand, lipid-based formulations 

provide benefits such as solubility and permeability enhancement, modula-

tion of transporter, elimination of food effects, reduction of inter-patient 

and intra-patient variability, greater API loading, and the avoidance of dose 

dumping,” observes Julien Meissonnier, vice-president of Science & Tech-

nology at Catalent. “On the other, with extended or sustained drug release, 

dosing frequency can be reduced; peaks and troughs of drug levels in the 

blood are dampened, which consequently optimizes therapeutic effective-

ness while minimizing concentration-dependent adverse effects.”  

Meissonnier explains that in some cases, conventional approaches for 

modified-release drug delivery may prove difficult because of physico-

chemical and pharmacokinetic challenges posed by the drug compounds. 

“For example, most APIs in today’s development pipeline are poorly soluble 

or poorly permeable, and some have low melting points. When these 

physico-chemical challenges are not addressed properly by the formula-

tion technology, it often results in extensive positive food effects, which 

when combined with a narrow therapeutic window, can trigger a poten-

tial risk to the patient, with the potential risk of dose dumping,” he says. 

“Modified-release lipid-based formulations in softgel capsules can address 

these challenges. For poorly soluble compounds, lipid-based formula-

tions promote solubilization along the gastrointestinal tract; whereas for 

poorly permeable compounds, lipid-based systems facilitate transcellular 

or paracellular transport by exploiting the lipid assimilation pathway as 

well as potential uptake through the lymphatic pathways. Lipid excipients 

can be used to modulate transporter and pre-systemic metabolism. All 

these mechanisms result in increased drug exposure, reduction of inter-

patient and intra-patient variability, and elimination of food effects,” he 

explains. “In addition, dose dumping can be eliminated with lipid-based 

matrix systems.”

The dosage form of choice for a modified-release lipid-based formula-

tion is a soft capsule. “Soft capsules are the proven dosage form for lipid-

based formulations,” says Meissonnier. “They have good developability 

and manufacturability. They are compatible with the wider range of lipid 

liquid and semi-solid excipients and formulations. Moreover, soft capsules 

do not compromise the performance of the lipid-based fill.”

According to Meissonnier, there are various ways of modifying the 

release of actives through the lipid-based fill or the soft capsule shell. 

“Whereas monolithic softgels can be designed, the preference would be 

to leverage multi-particulate soft-gelatin capsules to further reduce vari-

ability. These softgels can be designed to have a solid lipid matrix core that 

will extend release rate through an erosion diffusion process. The other 

option is a film-coated soft-gelatin capsule with a liquid fill where the 

drug release profile is facilitated using coated beadlets, and controlled by 

the nature of the coating polymer.”

Meissonnier cites a case study where an extended-release lipid-based 

formulation was developed using Catalent’s OptiShell soft capsule tech-

nology. The formulation was approved by FDA in 2016. 

“This is the first FDA-approved treatment using OptiShell soft capsule 

technology to deliver an extended-release semisolid formulation in a 

softgel format,” says Meissonnier. “The active ingredients are used to 

increase vitamin D levels, but peak concentrations or ‘surges’ in 25-hy-

droxyvitamin D3 levels induce the expression of the metabolizing en-

zyme Cytochrome P450 subfamily 24, resulting in lesser activity attenu-

ating the inhibition of parathyroid hormone,” he explains. “Controlling 

the drug release maintains 25-hydroxyvitamin D3 levels in the blood 

above the 30 ng/mL concentration, avoiding peaks that result in lesser 

activity. In addition, gradual repletion of 25-hydroxyvitamin D3 could 

provide more predictable maintenance of serum levels below the poorly 

defined safe upper limit of approximately 100 ng/mL, allowing for more 

consistent dosage.”

The product’s controlled-release system is a semisolid lipid-based matrix 

and, according to Meissonnier, “lipid-based matrices, in which the drug is 

homogeneously dispersed/dissolved, are the system of choice for low-dose 

potent compounds. Catalent’s OptiShell soft capsule technology uses a pre-

cisely controlled hot-filling process for encapsulation of the lipid-based ma-

trix, providing content uniformity performance above standard oral solid 

forms.” He adds that the patented shell composition can handle encapsula-

tion of high-temperature fill formulations for semisolid and highly viscous 

fill formulations. It can also handle higher pH fill formulations.

—Adeline Siew, PhD
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Patheon, part of Thermo Fisher Scien-
tific. She observes that with increasing 
quality requirements, there is a need for 
pharmaceutical manufacturers to focus 
on making smart choices early in the de-
velopment program. “The burst strength 
test is an important technique to support 
formulation and process choices made 
throughout softgel product development. 
It is an established method to assess soft-
gels shell robustness,” she says.

“It is performed with a Dr. Schleuni-
ger Pharmatron 400 N model 6D(SG) 
softgel tester. The apparatus is similar 
to a tablet tester and compliant with the 
specifications as laid down in the Euro-
pean Pharmacopoeia—Chapter 2.9.8 and 
the United States Pharmacopeia—Chap-
ter <1217>. It is easy to operate,” Bayarri 
explains. “A softgel sample is placed in-
dividually between two jaws that com-
presses it at a fixed rate of 2.5 mm/sec-
ond until the sample bursts or until the 
maximum force of 400 N. The force (N) 
required to burst the sample is recorded 
and in case the softgel does not burst, the 
result is noted as > 400N,” she says. 

“The evaluation of softgels shell robust-
ness is not only based on the number of 
bursts and the withstood force before 
burst, but also on the relative shell flex-
ibility as the apparatus records as well 
the diameter (mm) of the softgels before 
compression and at maximum compres-
sion,” Bayarri highlights. “Using this test, 
we can evaluate the influence of critical 
parameters on the softgels shell robust-
ness related to the formulation design 
(e.g., fill formulation, gel formulation, fill-
gel interaction), process design (e.g., die 
design, ribbon thickness, hardness, and 
drying time), and storage temperature.”

“During product development, we as-
sess softgel shell robustness using the 
burst strength test, and we have been 
able to establish a good correlation be-
tween the burst strength test results and 
product performance,” Bayarri says. Ac-
cording to her, the generated data are 
used to support the selection of:

• Adequate shell formulation for a 
particular product

• The most suitable process param-
eters, such as the die design, for a 
specific fill and shell combination

• The optimal target hardness range 
per product, balancing water ac-
tivity (related to microbial safety) 
with hardness and drying time 
impacting shell robustness.

“The burst strength test is useful to 
establish formulation and process pa-
rameters that not only ensure optimum 
product performance through shelf life 
but also guarantee that the product will 

withstand physical stresses that can occur 
during packaging and transport activities,” 
Bayarri sums up.

References
 1.  EDQM, Ph. Eur., Chapter 2.9.8 (EDQM, 
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Cleaning Validation and Monitoring
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egulated companies that use auto-
mated cleaning applications have 
always struggled with correlating 

rinse sample quality or visual inspec-
tion to surface cleanliness. The process 
typically involves performing 100% 
spray coverage testing, rinse recovery 
testing, specific or non-specific ana-
lytical method qualification, surface 
sampling and recovery testing of the 
sampling technique, and visual in-
spection performed during the clean-
ing validation. Each element of the 
justification needs to be reviewed and 
evaluated during the cleaning process 

design stage to defend a lean approach 
in continuously monitoring the clean-
ing process. A risk-based approach, 
supplemented with laboratory studies 
and information from published litera-
ture, can be leveraged in the justifica-
tion to reduce testing during cleaning 
qualification and continuous monitor-
ing stages without impacting quality. 
Laboratory results from total organic 
carbon (TOC) and conductivity rinse 
sample for an alkaline detergent along 
with determining visible residue limits 
using multiple concentrations, light in-
tensity, viewing angles, inspectors, and 
distances have been used by multiple 
biopharmaceutical companies. This 
approach has helped correlate rinse 
sample quality or visual inspection and 
justify a lean approach to continuously 
monitoring surface cleanliness.

Cleaning validation 
regulatory guidance
FDA’s 1998 cleaning validation guid-
ance document focuses on general as-
pects and qualification of the cleaning 
process (1). The design and post-vali-
dation monitoring aspects are factored 
into the validation process, but are not 
specified in the regulatory guide nor 
in the industry practices. Today, this is 
referred to as the old or traditional ap-
proach to validation. Other countries 
used a similar approach to provide 
guidance to the industry of the regu-
latory expectations regarding cleaning 
and cleaning validation (2–3). 

In 2011, FDA issued a revised pro-
cess validation guidance document that 
introduced a concept known today as 
the product lifecycle model (4). This 
model separates the various steps 
and activities of validation into three 
stages: process design, process qualifi-
cation, and continuous process verifi-
cation. Since then, the lifecycle model 
has become the “gold standard” for all 
types of processes including cleaning 
validation; it provides a better under-
standing of the design and monitoring 
of the cleaning process (see Figure 1) 
and, consequently, it ensures a more ro-
bust cleaning validation program.

Along with the process lifecycle ap-
proach, other guides have been issued 
by FDA and the International Council 
for Harmonization (ICH), which in-
clude the concepts of quality by design 
(QbD), risk management, and process 
analytical technology (PAT) (5, 6). The 
purpose of these guidance documents 
is to promote enhanced understand-
ing of products and processes, to build 
quality into manufacturing, and to pro-
vide the basis for continuous improve-
ment of products and processes. Figure 2

shows the correlation between these doc-
uments and the lifecycle model. Conse-
quently, the lifecycle model places more 
attention on understanding the process 
and its design, and continued monitor-
ing of the operation to ensure the ex-
pected results. By comparison, the old 
validation approach placed most efforts 
on qualifying the process rather than 
understanding it.

Evaluating 
Surface Cleanliness 
Using a Risk-Based 

Approach
Elizabeth Rivera and 

Paul Lopolito
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Cleaning in the GMP industry is a 
critical process intended to prevent or, 
in more modern terms, reduce risk of 
contaminating the subsequent prod-
uct with undesirable residues that may 
impact patient safety. For that reason, 
it is important to make the right con-
nection between rinse sampling and/
or visual inspection to surface cleanli-
ness. Reducing the risk requires good 
understanding of the cleaning process. 
Some aspects of the lifecycle model 
must be considered to ensure that sur-
face cleanliness not only is feasible and 
consistent but also relates to patient 
safety. Figure 3 depicts a workflow that 
helps bridge the gap between sampling 

to surface cleanliness, which will be 
discussed in more detail.

Review engineering 
design and coverage testing
The design of the process equipment 
must be considered to ensure that 
the cleaning recommendations can 
be successfully scaled-up from labo-
ratory-scale experiments. For auto-
mated clean-out-of-place (COP) and 
clean-in-place (CIP) applications, it is 
important to review coverage and flow 
velocity in vessels and piping, drain-
ability of the wash and rinse solutions, 
surface finish, and materials of con-
struction (7–9).   

Spray devices should cover all the 
surfaces that they are intended to clean. 
These types of devices can be fixed or 
dynamic. Riboflavin (vitamin B

2
) testing 

using 0.2 g/L vitamin B
2
 and an ultravio-

let (UV) light ensures that the spray de-
vice gives full coverage during the wash 
and rinse steps. For vertical tanks, the 
flow rate of a static spray device should 
be about 2.5–3 gallons per minute per 
feet of internal tank diameter (10). Ves-
sel inserts such as agitators, probes, and 
baffles may be challenging to clean in 
place and hence, coverage testing be-
comes more crucial to designing for a 
successful cleaning. 

Flow rates in piping are important for 
proper coverage of solutions, as is pro-
viding turbulent flow. The flow velocity 
in piping should be five feet per second 
(approximately 1.5 m/s) to prevent air 
entrapment at vertical elbows. Dead legs 
should be minimized, and the length-
to-diameter ratio of less than or equal 
to 1.5 is preferred. Dead legs should also 
be oriented at an angle to allow for full 
coverage and drainage during washing 
and rinsing. 

The drainage of wash and rinse solu-
tion is also important. Pooling in ves-
sels and piping may lead to microbial 
blooms, biofilm, and carryover of pro-
cess and cleaning agent residues. The 
mixing of the drain solution (heel) can 
reduce residue deposition on the side 
walls. Horizontal tanks, equipment 
surfaces, and piping should be sloped 
at 1/8–1/16 inches per square foot (3.6–
1.8 cm per square meter) to allow full 
drainage.

The preferred materials of construc-
tion in the pharmaceutical industry 
are 304 and 316L stainless steel. Other 
materials of construction are used 
throughout the industry. The selec-
tion of materials should be based on 
both the manufacturing process and 
on the cleaning procedure required 
for reducing the amount of residue to 
safe levels. Surface roughness as well 
as other materials of constructions in 
use should be included in the labora-
tory studies to ensure that such levels 
do not adversely impact cleanability 
and recovery of residues. 

CCleanning VVaalidatiion aannd Moonnitoorinng

Figure 1: Example of cleaning validation activities in a lifecycle model.

Figure 2: Correlation between the lifecycle model, International Council for 

Harmonization (ICH), and process analytical technology (PAT) guidance documents.
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Cleaning agent and 
analytical method selection
Cleaning agents should be selected 
based on laboratory studies that sim-
ulate the process soil, soil condition, 
and cleaning method used, as well as 
performing a supplier qualification 
and technical support review. Further 
consideration should be given to for-
mulation, toxicity, analytical method 
for residuals, rinsability of components, 
stability of closed and open containers, 
and assurance that the product will be 
made consistently over the life of the 
product, which is often in decades for 
cleaning agents intended for GMP appli-
cations. Several cleaning agent options 
are available, including water, solvents, 
commodity chemicals, and formu-
lated cleaning agents (11). Formulated 
cleaning agents are blends of the latter 
components that help improve cleaning 
performance by incorporating several 
cleaning mechanisms in solution. Table I 
lists different components used in de-
signing cleaning agents (12). 

A variety of analytical methods are 
used to detect active ingredients, degra-
dation or byproducts, bioburden, endo-
toxin level, and cleaning agent residues. 
The selection may be based on multiple 
factors including the analyte of interest, 
analytical resources available, rinsability, 
and carry-over risk.

The rinsability of a cleaning agent is 
crucial in demonstrating that the com-
ponents within the formulation rinse 
freely from the surface with water. If 
the components within the formulation 
rinse at similar rates, then either non-
specific methods, such as conductivity 
or TOC, or specific methods, such as 
ultra high-performance liquid chroma-
tography (UHPLC), can be used (13, 14). 
If the components do not rinse at simi-
lar rates, then it is important to identify 
and set residual limits based on the last-
to-rinse component. Refer to Figure 4

to compare rinsing results with vari-
ous analytical methods for monitoring 
components within a formulated clean-
ing agent (13). 

Cleaning agents used for product 
contact surfaces must have toxicity 
information available, which is im-

portant in determining safe levels of 
cleaning agent residues. The toxicity 
of components is important, espe-
cially if they are the last to rinse from 
the surface or if they display mutagenic, 
reproductive, carcinogenic, develop-
mental, or chronic toxicity. In the case 
of cleaning agents, the sum of compo-
nents may have increased or decreased 
toxicity compared to individual com-
ponents, and toxicity of the cleaning 
agent should be available from the 
suppliers.  

Surface cleanliness
The ability to sample the surface for 
cleanliness is the preferred technique 
to demonstrate the equipment is ready 
to manufacture the next batch of prod-
uct, a new product, or to proceed with 
the next manufacturing process step. 
Surface testing, however, requires a sig-
nificant amount of time to: prepare the 
equipment for sampling; prepare and 
source sampling tools; sample the sur-
faces; transport samples for testing; test 
samples; and review results of testing.

Figure 3: Workflow to bridge the gap between sampling and surface cleanliness.
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Table I: Components in formulated cleaners.

Component Function

Water Solvent for salts, polar materials; carrier for additives

Surfactant

Wet, solubilize, emulsify, disperse, lubricate, soften, release, 

detergent, level, corrosion inhibitor, couple, foam, foam 

stabilizer, disinfectant

Chelants Tie up calcium, iron, and other metals

Solvent Solubilize

Bases Alkalinity source, hydrolysis

Acids Acidity source, hydrolysis

Builders Assist in detergency; multifunctional

Dispersants Suspend solids

Antimicrobials Kill, reduce microbes

Oxidant Oxidize, kill microbes
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In addition to the amount of time re-
quired for sampling and testing, there is 
allocation of labor for sampling and test-
ing, often scheduling between multiple 
departments, and more importantly lost 
time that could be used for manufactur-
ing or sampling and testing critical steps 
within the manufacturing process. The 
selection of sampling sites and test meth-
ods and performing surface sampling re-
covery will help in significantly reducing 
or even eliminating routine surface sam-
pling to demonstrate surface cleanliness.

Selection of sampling sites
The European Union GMP guideline, 
Annex 15 section 10.11, cites that clean-
ing validation protocols should specify 
or reference the locations to be sampled, 
specify the rationale for the selection of 
these locations, and define the accep-

tance criteria (15). A documented sam-
pling and testing plan must be prepared 
describing: location of samples (and ra-
tionale), number of samples per location, 
sampling test methods used, wetting 
agent, and surface area sampled. 

The use of diagrams, such as the 
one illustrated in Figure 5, provides the 
operator with a better picture of the 
sampling areas to focus on (16). They 
also aid in understanding the ratio-
nale behind the sampling site selection. 
Figure 5, for example, shows the interior 
of a vessel with multiple accessories that 
reduce the coverage provided through 
the spray device (top circumference) in 
a CIP system. The shaded area in the 
vessel represents the normal process air-
to-liquid interface, which is often an area 
where solids settle onto the surface and 
form a scum-like ring on the walls. 

Sampling sites should be defined 
based upon the geometry and design of 
the equipment, materials of construc-
tion, hard-to-clean areas, and locations 
that may have a higher risk to product 
contamination (i.e., risk assessment), or 
they may be based on historical refer-
ence from similar equipment on site (i.e., 
benchmark). The riboflavin testing used 
for spray device qualification in CIP sys-
tems also helps in identifying areas that 
must be sampled due to limited coverage. 

Risk-based surface-sampling 
locations and testing performed
A risk assessment should be performed 
to minimize the number of sampling 
sites. Table II is an example of a list of 
sampling sites and assigned risk factors. 

A risk assessment should also be per-
formed to minimize the number of tests 
performed, such as microbial, detergent, 
or active ingredient  testing. For example, 
a TOC swab may be able to demonstrate 
removal of the large molecule API as 
well as the cleaning agent used. A single 
UHPLC swab may be able to demon-
strate the removal of multiple detergents 
that are used in separate wash steps of 
the cleaning procedure (17). Applying a 
scientific, risk-based rationale can dras-
tically reduce the number of samples 
taken as well as testing performed.

Surface sampling recovery studies
Surface sampling recovery studies using 
swabs, wipes, or direct sampling tech-
niques should be performed as part of 
the design stage to ensure that testing of 
the surface can meet predefined accep-

Figure 4: Monitoring of cleaning agent residues on surface. TOC is total organic carbon.
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Table II: Risk assessment of surface sampling locations. MOC is material of construction.

Sampling 

location

Critical site: 

potential large 

contaminant 

area

Hot spot 

(historically 

hard to clean)

Affinity to MOC 

or surface 

fi nish

Role in process 

likely to lead 

to difficult 

residue

Cleanability 

of location/

coverage and 

access

Ranking

Sidewall 1 1 1 1 1 5

Bottom outlet 

valve
5 3 3 1 1 13

Dome lid 1 1 1 1 5 9

Instrument port 1 5 3 1 5 15

Sampling port 5 5 3 1 1 15

Agitator 1 1 1 1 3 7
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tance criteria. Surface sampling should define the swab or wipe 
used, surface location sampled, surface area sampled, mate-
rial of construction of the surface, number and condition of 
the swab(s) or wipe(s), sample storage and stability conditions, 
swab or wipe diluent, and sampling accessories; qualified ana-
lysts should perform the testing. The surface sampling recovery 
study should also consider, if applicable, the swab or wipe wet-
ting solution and various spiked amounts on the surface. The 
spiked amount and design of the surface sampling recovery 
test should challenge the sampling and analytical procedure. 

The analysis of swab recovery from various active pharma-
ceutical ingredients as well as cleaning agent residues from a 
single site using various materials of constructions (including 
metals, plastics, and elastomers) supported that stainless steel 
could be used as a representative surface for swab recovery (18). 
Forsyth, et. al. pooled recovery factors from 16 sites, 29 differ-
ent materials, and hundreds of samples. The reported recovery 
factor from a formulated alkaline cleaning agent, CIP 100 de-
tergent, from 316 stainless steel was 93% (18).

Visual inspection
Visual inspection is important to ensure that the equipment 
looks sufficiently clean to proceed with analytical testing. 
There are limitations, similar to surface sampling, with rou-
tine visual inspections, such as large equipment or lengths of 
piping, as well as the time and resources required for proper 
visual inspection. Visual inspection can be defined as the pro-
cess of using the unaided eye as the sensing mechanism from 
which judgments can be made about the condition of a unit to 
be inspected. A visual non-uniformity on equipment surfaces 
may present as an interruption of the normal pattern or grain 
either by residue or discoloration in amount as perceived by 
the unaided eye. This non-uniformity could be on the surface, 
such as visible residue, particulate matter, pooling of liquid, or 
rouge (oxides) or within the surface, such as scratches, corro-
sion, or etching. 

During the design and qualification stages of the lifecycle 
model, a correlation between visual inspection, surface sam-
pling, and rinse sampling should be performed, so that a visual 
inspection or rinse sample can be scientifically justified to de-
termine that the equipment, piping, or parts are cleaned. Visual 
inspection as the method to assess for cleanliness is ideal for 
small parts or open process equipment that are easy to inspect. 
However, “visually clean” as the only acceptance criterion will 
require a justifiable, scientific rationale that will need to be 
defended when inspected (15). Several published articles have 
evaluated the use of visual inspection procedures and the role 
of visible cleanliness in control of critical variables, as well as 
establishing visible residue limits of select analytes. 

Visible residue limits
In 1993, Fourman and Mullen specified a visual limit of 
small-molecule active ingredients of 1 to 4 mcg/cm2 (19), and 
this article was referenced in the FDA guide to cleaning vali-
dation (1) as well as Parenteral Drug Association (PDA) tech-

nical report 29 (20). Forsyth, et. al. have published several 
articles that include testing and defining critical variables 
as well as presenting various case studies. The case studies 
include spiking a 1 cm2 surface with residue at various con-

Figure 5: Sampling site selections.



34    Pharmaceutical Technology DECEMBER 2017  PharmTech .com

centrations and on different substrates. 
Once the residue is dried, it can then be 
inspected visually at different distances, 
angles, light intensities, with the use of 
mirrors, and by different analysts (21, 
22). By defining the operators’ quali-
fications, visual inspection tools and 
conditions, procedures, and training 
and retraining activities, a company 
can quantify and validate the visual 
inspection procedure. The Sidebar de-

scribes a VRL case study for a biophar-
maceutical facility.

Rinse sampling
Rinse sampling is commonly used to 
evaluate surface cleanliness of closed 
production equipment, hoses, and piping 
commonly cleaned by CIP systems (23–
25). The advantages of rinse sampling are 
that the entire surface can be sampled, 
with no disassembly of equipment and 

no direct sampling of the surface, and 
that rinse sample analysis via conduc-
tivity, TOC, UV, and other methods 
in-line or on-line can be adapted to PAT 
technologies. The disadvantages of rinse 
sampling are that the analyte measured 
may not be soluble in the rinse solution, 
rinsing may not pick up the residue due 
to poor coverage during rinsing, and the 
analyte may be too diluted in the rinse 
solution volume.
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Visible residue limit case study

A large biopharmaceutical manufacturer was designing a new facility for the 

final compounding and filling of their product. This standard parenteral facil-

ity consists of an automated parts washer, steam sterilizer, automated vial 

washer, depyrogenation tunnel, filling machine, closure machine to insert 

stoppers, capping machine, and product labeler. This product was being 

filled by a contract manufacturing organization (CMO), which was using only 

water for cleaning. 

During the design phase of the cleaning program, coupon testing was 

performed by coating the finished product onto stainless-steel coupons 

and evaluating the cleaning with water and a formulated alkaline cleaning 

agent to remove the finished product. Water-only cleaning at ambient to 

80 oC was not sufficient to yield a visual clean and water-break free surface. 

Cleaning the coupons with water was successful in meeting the gravi-

metric testing of around 1–2 mcg/cm2. In support of a visual inspection 

program of the items being washed in the parts washer, a visible residue 

limit (VRL) study was performed on the final drug product as well as on a 

formulated alkaline cleaning agent on stainless-steel and glass surfaces.

The VRL study procedure consisted of precleaning and drying 304 stain-

less-steel coupons with a 2B finish as well as borosilicate-glass coupons. The 

roughness of the 304 stainless coupons was comparable to the 316L stain-

less-steel specifications for the filling parts. The formulated acid and alkaline 

cleaning agents, as well as the finished product, were compatible with 304 

stainless steel, so the use of these coupons as a test substrate versus 316L was 

justified. The test samples were serially diluted, and 1 mcl of diluted sample 

and 20 mcl of low TOC de-ionized (DI) water were applied over a 1-cm2 area. 

The sample was then allowed to air-dry at ambient temperature for at least 

16 hours. 

After drying, the coupons were inspected by two analysts, in duplicate, at 

one of the following distances (0.45 m, 1.0 m, and 1.5 m); lighting conditions 

(250 lux, 500 lux, and 1000 lux); viewing angles (30o, 45o, and 90o); and with 

and without a viewing mirror.  A light meter (Cooke Corporation Cal-Light 400 

lux), digital protractor, and 1–5 mcl syringe (Hamilton) were used in the study. 

The acceptable results for both analysts on two coupons per set for the formu-

lated alkaline cleaning agent are noted in Sidebar Figure 1. The borosilicate 

glass surface was used in the construction of the viewing endcap on the final 

formulation compounding tank, so the higher VRL observed was not critical.

Visual inspection training

The visual inspection procedure as well as the inspector qualification study 

consisted of precleaning and visual inspection of the coupons before spiking. 

An analyst receives a yearly eye exam with 20/20 vision (glasses or contact 

lenses are acceptable), wears safety glasses during visual inspection, and 

is informed that some coupons may not contain a sample. This procedure is 

used to try to eliminate phantom residues or false positives. 

The coupons were placed flat on a table in front of a fume hood in groups 

of three, and the inspector stood back approximately 0.85 m and inspected 

the coupons at a 50o angle. The groups of three coupons were mixed in order 

as seen in Sidebar Table I. The lighting in the room was between 500 and 

1000 lux.

An acceptable result is that the inspector identifies all coupons with a 

loading of 10 mcg/cm2 and 12 out of 15 of the remaining coupons.

Table I: Visual inspection training test matrix 
example.

Coupon 

set 1
7 mcg/cm2 10 mcg/cm2 Blank

Coupon 

set 2
10 mcg/cm2 5 mcg/cm2 10 mcg/cm2

Coupon 

set 3
Blank 7 mcg/cm2 5 mcg/cm2

Coupon 

set 4
5 mcg/cm2 Blank 7 mcg/cm2

Coupon 

set 5
10 mcg/cm2 7 mcg/cm2 10 mcg/cm2

Figure 1: Visible residue limit (VRL) results for the 

formulated alkaline cleaning agent.

Increase in light to 1000 lux no issues, VRL at 1:600

Increased distance resulted in difficulty using mirror and operator variability

Adjustment in angle improved VRL but increased difficulty in using mirror

An angle of 90 degrees without mirror had a VRL at 1:600

Glass substrate was difficult and displayed variability even at lower

concentrations (1:10, 1:20 and 1:50)
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Rinse recovery studies
Rinse recovery studies can be used in addition to assessing the 
solubility of the active ingredient in the rinse solution. The 
studies are performed by adding a specified concentration, 
around the acceptable limit, of the residue on the surface. The 
selection of the residue, conditioning of the residue, surface 
material, roughness of the surface, rinse solution, volume of 
rinse solution per surface area, rinse solution temperature, and 
flow rate should all be considered in setting up a rinse solution 
recovery study. 

Two rinse recovery studies are discussed as examples. The 
first rinse recovery case study includes a linearity between 
concentration and conductivity of a formulated alkaline clean-

ing agent (Figure 6) as well as the recovery factor from stainless 
steel, polytetrafluoroethylene (PTFE), rubber, and glass sur-
faces (Table III). The second rinse recovery case study includes 
a linearity between concentration and TOC of a formulated 
alkaline cleaning agent (Figure 7) as well as the recovery factor 

Figure 6: First rinse recovery study; linearity between 

conductivity to concentration of a formulated alkaline 

cleaning agent.

Table III: Conductivity and pH results, 24-hour air-dried samples; SS is stainless steel.

Sample Identifi cation Conductivity mS / cm
Average Percent 

Recovery, %

Relative Standard 

Deviation, %
pH

SS 5.608

66.1 0.1

8.05

SS 5.360 8.11

SS 5.387 8.08

Teflon 5.276

66.5 0.3

8.43

Teflon 5.361 8.55

Teflon 5.804 8.30

Rubber 4.915

63.6 0.3

8.44

Rubber 5.460 7.80

Rubber 5.362 7.93

Glass 5.081

63.0 0.2

6.85

Glass 5.378 7.44

Glass 5.121 7.29
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from stainless steel, PTFE, rubber, and 
glass surfaces (Table IV).

Three lots of the formulated alkaline 
cleaning agent were diluted at various 
concentrations between 1 and 100 ppm 
by volume using DI water and tested 
at ambient temperature. A conductiv-
ity meter (Radiometer/Copenhagen 
CDM83) was used, and the conductivity 
probe was standardized following the 
manufacturer’s recommendations with 
50 and 100 mcS/cm standards prior to 

testing. Temperature compensation was 
not used for this testing. The conductiv-
ity to concentration curve is reported in 
Figure 6. 

Three lots of the formulated al-
kaline cleaning agent were diluted 
at various concentrations between 
0.1 and 5 ppm C by volume using 
DI water and tested at ambient tem-
perature. A laboratory TOC analyzer 
(Sievers 900) was used for testing, and 
the TOC analyzer was standardized 

following the manufacturer’s recom-
mendations with reference standards 
for sucrose and benzoquinone. The 
TOC to concentration curve is re-
ported in Figure 7.  

Rinse recovery testing was per-
formed by applying 1 +/-0.1 g of the 
prepared 0.24% w/w formulated alka-
line cleaning agent to about 100 cm2 
area of one side of the stainless steel, 
PTFE, glass, and rubber coupons 
using an analytical balance (Mettler 
Toledo XS). Solution was applied in 
drops to provide a uniform coverage. 
Samples were air-dried on the cou-
pons in a horizontal position. After 
drying, 300 mL of DI water at ambi-
ent temperature was poured from a 
squeeze bottle over the coupon so that 
the flow cascades down the face of the 
coupon for approximately 30 seconds. 
The collected rinse water was agitated 
for 30 seconds to ensure uniformity, 
then 39 mL was poured into a labeled 
TOC vial, sealed, and measured for 
TOC (Sievers 900 laboratory TOC 
analyzer). The TOC recovery results 
are reported in Table IV. The remain-
ing sample (39 mL) was measured for 
conductivity (Fisher Scientific AB30 
conductivity meter). The conductiv-
ity recovery results are reported in 
Table III.

Table IV: Total organic carbon (TOC) results, 24-hour air-dried samples. SS is stainless steel.

Sample 

identifi cation

TOC 

experimental, 

ppb C

TOC 

theoretical 

(at 100 % 

recovery), ppb C

Net TOC, ppb C
Percent 

recovery, %

Average 

percent 

recovery, %

Relative 

standard 

deviation, %

SS 463 355 327 92.2

95.2 2.6SS 475 353 339 96.1

SS 488 362 352 97.2

Teflon 708 341 370 108.6

98.7 31.5Teflon 762 342 424 124.1

Teflon 564 356 226 63.5

Rubber 505 358 263 73.4

95.5 20.0Rubber 595 350 353 100.8

Rubber 525 356 400 112.3

Glass 452 354 290 82.0

92.7 9.4Glass 512 352 350 99.5

Glass 503 353 341 96.5

Figure 7: Second rinse recovery study; linearity between total organic carbon (TOC) 

and concentration of a formulated alkaline cleaning agent.
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Conclusion
Surface cleanliness is crucial in en-
suring that process residue, cleaning 
agent residue, and bioburden do not 
adversely affect the safety, quality, and 
potency of the drug manufactured. 
Surface cleanliness can be determined 
through surface sampling, rinse sam-
pling, and visual inspection. The pre-
ferred method is surface sampling 
through swabbing, wiping, or direct 
measurement. Surface sampling can 
add production delays, increased sam-
pling costs, and often increased safety 
risk to the analyst. If the engineering 
of the equipment, coverage testing of 
the equipment, and cleaning agent 
and analytical method selection have 
been well vetted during the design and 
qualification stages of the lifecycle ap-
proach, then rinse sampling or visual 
inspection can be successfully used to 
demonstrate surface cleanliness. At-
tention to detail and application of a 
risk-based approach during the design 
stage can provide justification for using 
either rinse sampling or visual inspec-
tion in determining surface cleanliness.
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In Part I of this article series, the authors discussed 

the regression control chart method for identifying 

out-of-trend data in pharmaceutical stability 

studies. In Part II, the by-time-point method and the 

multivariate control chart method are investigated, 

and improved approaches are suggested. The 

method is illustrated using real data sets.
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T
his article is a continuation of Part I, in which the 
authors discussed the identification of out-of-trend 
(OOT) data in the stability studies of single batches 
using a regression control chart method (1). 

If several batches are considered, there are two different 
time scales. The first one is the life within batches, which 
has been covered in Part I (1). The regression control chart 
uses this within-batch context. The second time scale is the 
order of batches. Two approaches are followed in this Part II 
article. The by-time-point method uses the between-batches 
context only, while the multivariate approach uses both be-
tween-batches and within-batches contexts.

Two statistical concepts have been suggested in the lit-
erature (2). The first concept was based on known variance 
and expected value of distribution of measurements. This 
method was referred to as the Shewhart method in Part I. 
In the current situation, however, where only a small sample 
size is available, it is not justified to assume known variance 
and expected value. The second method suggested was to 
use the tolerance interval, but this is not a proper approach 
either. The tolerance interval gives the limits within which 
a certain proportion of population falls and is not relevant 
for a single data point. The proper concept that one should 
use when a single observation is in question is the prediction 
interval, using t-distribution (1).

Detecting OOT data using the by-time-point method
In this method, the result for the new batch is compared 
with points of earlier batches belonging to the same time 
of batch life. 

Use of by-time-point method, original proposal
The Pharmaceutical Research and Manufacturers of Amer-
ica (PhRMA) Statistics and Stability Expert Teams (2) 
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suggest calculating the tolerance interval with ±ks limits 
around the mean of data of earlier batches at the same time 
point. From tables or calculating with approximations, k 
can be found. If the new data fall out of the interval that be-
longs to the respective time point, they are OOT. Along with 
the tolerance interval, Torbovska and Trajkovic-Jolevska (3) 
calculate the earlier described Shewhart control limits (as-
sumed known expected value and variance), based on a z 
(standard normal) statistic. 

Suggested use of by-time-point-method
In the by-time-point situation, neither the Shewhart interval 
nor the tolerance interval are the proper intervals to use. As 
explained previously, the prediction interval is to be used 
with Student’s t-distribution.

Equation 1 gives the calculation for prediction interval:

 

 
[Eq. 1]

where,  is the mean of the reference data that belongs 
to the ith time point,  is the new measured data at ith time 
point, s

y(i)
 is the sample standard deviation of reference data 

that belongs to the ith time point, and n is the number of 
reference data at the ith time point (number of historical 
batches). t

(α/2)
 is the critical value of Student’s t-distribution 

at one sided α/2 level with (n-1) degrees of freedom. If the in-
equality is satisfied, that is the  is within the interval, the 
data are accepted, otherwise they are OOT. In this method, 
a 5% significance level was used instead of the 0.27% level, 
which is accepted in quality engineering applications as 
discussed under Shewhart method in Part I (1). The reason 
for this choice is to keep the level of error of the second 
kind sufficiently low. A type II error (second kind) occurs 
when the null hypothesis is false, but erroneously fails to 
be rejected. 

The calculation can be improved using pooled standard 
deviation. For this purpose, it should be proven that the 
error variances at different time points are equal, which can 
be tested by Bartlett and Levene tests, for example. For the 
authors’ data, the hypothesis of homogeneity of variances 
is accepted (details of tests are not shown here). The pooled 
sample variance (s

p
) is calculated in Equation 2 as:

 

  [Eq. 2]

where p is the number of time points.
Also, a new t

α/2
 value is to be used in calculations, as the 

degrees of freedom of standard deviation is changed from 
(n-1) to p(n-1).

For illustrational purposes along with prediction limits, 
Shewhart limits (α=0.05), confidence limits (α=0.05), and 
tolerance limits (P=0.99, γ=0.95) are calculated as well. 
None of these limits are appropriate to use in the current 
situations, except the prediction limits. These limits are dis-
cussed in detail below.

Shewhart limits can be calculated by Equation 3:

  [Eq. 3]

where σ
y
 is the assumed variance, equal to s

y
. As the 

known variance is assumed, there is no room for pooling. 
One may, however, use the pooled standard deviation as a 
substitute of σ

y
. The latter is falsely assumed to be known be-

cause of the small sample size. When the pooled estimated 
variance is substituted, σ

y
 is taken to be equal to s

p
.

Confidence limits can be calculated by Equation 4:

   [Eq. 4]

For the calculations with pooled standard deviation, s
p
 

is substituted with s
y
 in Equation 4 and a new t

α/2
 is obtained 

with degrees of freedom of s
p

2.
Tolerance limits can be calculated by Equation 5:

  [Eq. 5]

To calculate the tolerance factor (k
1
), different approxima-

tions could be used. Howe (4) suggests the following formula 
(Equation 6):

 

 [Eq. 6]

This approximation is recommended if

 

 [Eq. 7]

conforms to the current situation. In Equation 6, n is the 
number of historical points, ν is the degrees of freedom of 

,  is the critical value of standard normal distribution 
at one-sided (1-P) level, and  is the critical value of chi-
square distribution at one-sided (1-γ) level with ν degrees of 
freedom. For the calculations with pooled standard devia-
tion, s

r
 is substituted with s

y
 in Equation 5 and the degrees of 

freedom of  (ν) is used in Equation 6 (  also changes) 
and in Equation 7. 
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It is important to note that the method does not use the 
time dependence function. This approach is an advantage, 
because an assumed function may falsify the conclusion. At 
the same time, it is a drawback, since the functional time 
dependence, which is an essential feature of stability data, is 
not used at all.

Example I: By-time-point method
Using the data set found in Part I (1), the statistical intervals 
based on calculations with the pooled standard deviation 
(Equation 2) are given in Table I. The grey coloring indicates that 
the observed data in the row of the grey pair of boxes are OOT 
considering the limits specified in the columns. Considering 
the correct interval (prediction limits), the data point at 18 
months is OOT, while the other data are accepted points just 
as they were at regression control chart in the first article of 
the series (1). The mistakenly used confidence interval would 
not contain y* at the 0-, 18-, 36-month time points; therefore, 
these would be OOT, while if the tolerance intervals were 
used, all the points would be accepted. The Shewhart limit 
approach would find the 18-month time point as OOT.

The calculated intervals at 0-month time point are illus-
trated in Figure 1. The confidence interval is narrow and even 
some historical points are out of that range.

Detecting OOT batch by multivariate method 
In this section, the observed batch is compared to earlier 
batches. As compared to the previous section, whole sets of 
data within the batch are compared (time function itself as 
with regression control charts) to those of historical batches 
(as with by-time-point method). 

The time function, if linearity is assumed, is character-
ized by two parameters: slope and intercept. If the time 
function is unchanged, both parameters are unchanged.

The originally proposed slope control chart method
In the seminal paper by the Statistics and Stability Expert 
Teams (2), only the slopes are considered in the stability 
study. It is checked if the slope of the new batch belongs to 
the same distribution as that of the earlier batches. More 
precisely, it is assumed that estimated slopes of batches fol-
low a normal distribution with the same expected value 
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 Table I: Prediction-, Shewhart-, confidence-, tolerance limits, by-time-point method using s
p
. LPL is lower prediction limit 

and UPL is upper prediction limit. LSL is lower Shewhart limit and USL is upper Shewhart limit. LCL is lower confidence 
limit and UCL is upper confidence limit. LTL is lower tolerance limit and UTL is upper tolerance limit. The observed data in 
the row of the grey pair of boxes are OOT considering the limits specified in the columns.

Time 

(month)
y s

p
y*

i
LPL UPL LSL USL LCL UCL LTL UTL

0 99.6 1.481 100.9 96.4 102.7 96.7 102.5 98.5 100.6 94.6 104.6

3 98.1 1.481 97.3 95.0 101.3 95.2 101.0 97.1 99.2 93.1 103.1

6 97.6 1.481 97.7 94.4 100.7 94.7 100.5 96.5 98.6 92.6 102.6

9 97.4 1.481 98.4 94.3 100.6 94.5 100.3 96.4 98.5 92.4 102.4

12 96.5 1.481 96.5 93.3 99.6 93.6 99.4 95.4 97.5 91.5 101.5

18 95.5 1.481 99.5 92.3 98.6 92.6 98.4 94.4 96.5 90.5 100.5

24 95.5 1.481 96 92.4 98.7 92.6 98.4 94.5 96.6 90.5 100.5

36 92.2 1.481 93.7 89.1 95.3 89.3 95.1 91.2 93.2 87.2 97.2

Figure 1:  Statistical intervals for the by-time-point method at 0-month time point.
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and variance. This assumption needs to be checked. The 
authors suggest constructing regression lines separately for 
each batch using data up to the time point in question. If 
the slope of the new batch is out of the tolerance interval 
calculated for those of the historical batches, the data in 
question are OOT.

Remarks to the originally 
proposed slope control chart method
As explained previously, the prediction interval is to be used 
given that the interval for one future observation (slope of 
a new batch) is in question. This is not only sound but ad-
vantageous as well, because the calculation of the predic-
tion range is simpler than that of the tolerance range. The 
prediction range is narrower than the tolerance range, thus 
the test criterion based on the prediction range is stricter. 
This method is an advantage for reducing the risk of false 
conclusion, enabling a manufacturing company to detect 
disorder earlier.

A more profound improvement considers the trend line as 
a whole, thus both parameters (i.e., slope and intercept) are 
considered. The authors do not see any reason for allowing 
different slopes but not different intercepts. The difficulty 
is that as the estimate of the intercept and slope are statisti-
cally not independent, the prediction intervals may not be 
calculated separately. For separate intervals of two mutually 
dependent variables, Bonferroni inequality could be used 
for example; whereas for a joint interval, Hotelling T-square 
distribution could be used. Using Bonferroni inequality, a 
rectangle prediction region is obtained, which is easier to 
calculate, but is less accurate. If using Hotelling T-square 
distribution, an ellipse region is calculated, which might be 
harder to handle but more accurate. This method is, in fact, 
profile monitoring, which is established in reference 5 and 
dealt with in many papers (6, 7). 

Another point of possible improvement is that for the 
historical batches, all points may be used for the regression, 
not just the ones until the time point in question (i.e., the 
most recent point of the test batch). This would lead to more 
sensitive test criterion because of the larger amount of infor-
mation used. This approach gives additional difficulty as the 
variance-covariance matrix of parameters estimated from 
previous batches and from the actual batch is different, thus 
the homoscedasticity assumption is not justified. Therefore, 
this improvement is not utilized for the time being; the same 
number of points is considered for all batches.

The calculations in the following can be used every time 
a new data point is obtained, and a new regression line is 
fitted with the new data included. The data of historical 
batches are taken into account only up to the time point of 
the new data of the observed batch, and separate regression 
lines are fitted to those data. 

The prediction region for the new pair of parameters is 
calculated in Equation 8:

 

 
[Eq. 8]

where n is the number of historical parameter pairs (his-
torical batches), p is the number of parameters (here 2), 
F

p,n-p,α
 is the upper critical value of F-test with (p,n-p) degrees 

of freedom at one sided α level. The (X-x*) is the matrix of 
the difference of mean vector of the historical parameters 
(X) and vector of the new parameters (x*):

 

 
[Eq. 9]

The (X-x*)T is the transpose of the matrix:

  
[Eq. 10]

S– is the inverse of the variance-covariance matrix:

 

[Eq. 11]

where det(S) is the determinant of S:

  
[Eq. 12]

Performing the matrix multiplications, Equation 13 is ob-
tained:

 

 

[Eq. 13]

where n is the number of reference batches, s
b0

 and s
b1

 are 
the sample standard deviations of historical intercepts and 
slopes, respectively, cov(b

0
;b

1
 ) is the estimated covariance 

between the parameters, and  and  are the means of the 
parameters of historical batches.

Covariance is estimated as follows:
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 [Eq. 14]

If the inequality (Equation 13) is satisfied, the (b
0

*, b
1

*) is 
within the region and the batch is accepted, otherwise it is 
OOT. The acceptance region is a spatial shape. By calculat-
ing and plotting b

0
* and b

1
* pairs to the critical value of F, 

the region can be obtained, as illustrated in the following.
For illustrational purposes, regions calculated by the 

Shewhart method (Shewhart region) (α=0.05), confidence 
region (α=0.05), and tolerance region (P=0.99, γ=0.95) are 
calculated as well. These calculations, however, are not ap-
propriate to use in the current situations.

The Shewhart region is calculated by (8):

  
[Eq. 15]

The confidence region can be calculated as follows (8):

 

 
[Eq. 16]

while the tolerance region is calculated by (8):

  [Eq. 17]

where k
2
 is the tolerance factor taken from reference 9 for 

P=0.99 and γ=0.95. Its value is 48.77.
This method is not sensitive enough when a single point is 

in question. The reason is that a single OOT data will not have 
an impact big enough on the stability profile to make the ob-
server detect the batch as an OOT batch. However, the method 
is more sensitive and, therefore, should be used when the ques-
tion is whether the observed batch is OOT (in other words, all 
the points are OOT in the batch). Parameters of stability profile 
with less data are less certain, therefore, the acceptance region 
is wider. As more data become available, the uncertainty of pa-
rameters gets smaller, and detection of OOT batch becomes 
more certain. One should start using this approach after the 
third data point is obtained in the observed batch, and keep 
using the method at every time point when new data are ob-
tained, until the end of the stability study. In the example cal-
culation, all data of the observed batch (and, therefore, all data 
of historical batches) are considered, including the last point.

Example II: Hotelling T-square joint prediction region
In the example calculation, all data of the observed batch (and, 
therefore, all data of historical batches) are taken into account. 
Intercepts and slopes of Batch I –VIII from Table II were used 
as reference data and the method was used to observe data of 
Batch IX. 

Using the terms from Table III, Equation 18 is obtained from 
Equation 13:

  
[Eq. 18]

Where F with degrees of freedom 2 and 6, at one-sided 0.05 
level is 5.14. As the Equation 18 is satisfied, the batch can be ac-
cepted as non-OOT. The prediction region can be illustrated by 
calculating max values of (b

0
*, b

1
*) to F

2,6,0.05
 that satisfy Equation 

13. Every (b
0

*, b
1
*) within the region is accepted as non-OOT. 

Figure 2 illustrates the calculated regions. One should keep in 
mind that the prediction region is the proper approach in the 
current problem.

As the new data (slope and intercept) are found within the 
prediction region, they are non-OOT. By mistakenly using the 
confidence region, some of earlier batches and the new batch 
are found to be OOT. If the tolerance region approach is 
used, all batches would be accepted as non-OOT.

 Table II: Parameters of regression lines of batches.
 Intercept Slope

Batch I. 97.92 -0.14

Batch II. 98.31 -0.14

Batch III. 99.19 -0.19

Batch IV. 97.74 -0.19

Batch V. 99.09 -0.17

Batch VI. 98.98 -0.26

Batch VII. 99.84 -0.17

Batch VIII. 100.88 -0.20

Batch IX. 99.38 -0.14

Table III: Terms to calculations in Equation 13.

 d

1.073 0.0015 -0.0124 -0.39 -0.04 8

Figure 2:  Joint statistical regions for slope and intercept.
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Transdermal Patch Manufacturing
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ransdermal patches are used to 
deliver drugs through the skin 
for either a local or systemic ef-

fect. This route can improve patient 
compliance by avoiding the difficul-
ties associated with swallowing or 
with injecting drugs. Transdermal 
patch manufacturing, however, is 
relatively complex because it gener-
ally has more process parameters 
and material attributes that can 
impact performance, compared to 
some other dosage forms, says Cor-
mac Lyons, vice-president of R&D 
at Tapemark, a contract manufac-
turing organization specializing in 
transdermal patches, oral thin films, 
and topical drug delivery. A quality-
by-design approach can help address 
these complexities, he says. Pharma-
ceutical Technology spoke with Lyons 
to learn more about the manufac-

turing parameters and quality con-
trol testing involved in transdermal 
patch manufacturing. 

Critical attributes
PharmTech: What are the critical qual-
ity attributes (CQAs) of a transdermal 
patch? 

Lyons (Tapemark): The CQAs of a 
transdermal patch are the attributes 
essential or detrimental to the prod-
uct’s safety and efficacy. These may 
include: drug delivery, drug dissolu-
tion, patch assay, content uniformity, 
residual solvents, patch adhesion, 
patch removal from liner, adhesive 
shear resistance, adhesive cold f low, 
bioburden, crystallization, skin sen-
sitization, and product stability in 
primary packaging. These CQAs will 
be different based on the type of patch 
being developed. 

PharmTech: What are the critical ma-
terial attributes (CMAs) or critical pro-
cessing parameters (CPPs) that affect 
these CQAs?

Lyons (Tapemark): There are CMAs 
and CPPs for each process involved in 
developing a transdermal patch: blend-
ing, coating, converting (i.e., mak-
ing the coated film into the finished 
patches), and pouching (i.e., packaging 
individual patches). The CMAs are as-
sociated both with the raw materials 
and the intermediate materials made 
from these raw materials. 

In blending for example, the raw 
materials are the adhesive, the API, 
and the different excipients. The vis-
cosity of the adhesive and the purity 
and particle size of the API are im-
portant CMAs for these raw materials. 
The resulting blend is the raw material 
for the coating process. After blending, 
the intermediate blend’s CMAs are ho-
mogeneity, viscosity, and solids con-
tent. The blend CPPs that impact the 
final blend CMAs are blending time, 
speed, and equipment design.

Another example is the coating pro-
cess. In this process, the blend CMAs of 
homogeneity, viscosity, and solids con-
tents are key because they will impact 
the drug-in-adhesive laminate (another 
intermediate) CMAs such as drug ho-
mogeneity, assay, and residual solvents. 
In addition, the CPPs that also impact 
the CMAs of the output drug-in-adhe-
sive laminate are coating thickness, line 
speed, and drying conditions.

Quality control
PharmTech: What quality control tests 
should be performed on patches? 

Lyons (Tapemark): There are specific 
quality control tests for each of the 
CQAs noted previously. Two main 
types of testing are in-process testing 
and finished-product testing. 

In-process testing involves under-
standing how materials are affected 
during manufacturing. This testing 
can help create a more robust pro-
duction process and ensure the right 
controls are in place. In-process test-
ing can include methods to ensure 
the blending process has achieved a 

Critical 
Parameters
in Transdermal 
Patch Manufacturing
Jennifer Markarian

A QbD approach can address 
manufacturing complexities. 
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homogenous mix. It also can include 
measuring and quantifying adhesion 
characteristics throughout the manu-
facturing process.

Finished-product testing analyzes 
the final product’s physical properties 

to help ensure the patch is produced 
with the desired physical character-
istics and performs as expected. Ad-
hesion and tack testing, for example, 
can help determine if the product will 
adhere to a user’s skin for a given pe-

riod of time. Manufacturers must 
first define what levels of adhesion 
level and tack are required in a fin-
ished product and then implement 
the methods or tools to measure for 
those levels.  PT

Advances in transdermal patch drug delivery and measurement

Medherant, a bioadhesives company formed as a spin-out from the Uni-

versity of Warwick (UK) in 2015, is developing its TEPI Patch technology, a 

higher-dosage drug-delivery patch with a constant rate of drug release. 

The patch is formulated by mixing the drug with an adhesive that enables 

high drug loading. The company’s first patch, containing ibuprofen, is being 

manufactured for clinical trials. 

Dr. Gabit Nurumbetov, principal scientist at Medherant, has developed 

an improved instrument to test the release of drugs from a transdermal 

patch. The device, patented by Medherant, is an improved, miniaturized, 

and multiplexed version of a Franz or diffusion cell, which is a device 

commonly used to measure the amount of drug that permeates across 

human skin. 

“In essence, the cell is a vial with a modified top part where you can place 

human skin and your formulation (gel, cream, or patch). The volume below 

the skin is filled with a biological fluid, which is taken out for analysis through 

a sampling port,” explains Nurumbetov. “The amount of drug permeated 

across the skin is then measured by means of chromatographic and/or spec-

troscopic methods allowing estimation of parameters such as API flux, patch 

area efficacy, and others.”

The improved diffusion cell, which is patented by Medherant, can test 

more than 100 formulations per day, compared to approximately 12 in the 

same period with traditional Franz cells, reports the company.

Drug release in a transdermal formulation is complex. “It is affected by 

physico-chemical properties of the adhesive and drug and the presence or 

absence of additional excipients in a formulation,” says Nurumbetov. “Some 

adhesives can chemically ‘hold’ drug molecules leading to a lesser amount of 

drug delivered. Also, if the molar mass of a drug is higher than 500 Daltons, it 

is likely to be not suitable for transdermal applications. Additional chemicals 

(permeation enhancers) in the formulation can also affect the drug-delivery 

performance.” The new instrument will allow high-throughput testing for 

faster development. 

—Jennifer Markarian

Conclusion
The by-time-point method and multivariate control chart 
were discussed in this article as methods that could be used 
to identify OOT data and OOT batches in pharmaceuti-
cal stability studies. The earlier suggested methods are im-
proved here. The most important part of the improvement 
is the use of the prediction region concept instead of the 
tolerance interval or Shewhart method concepts. Also, for 
the earlier suggested method, the slope control chart is 
improved so that not just the slope of the observed batch 
is considered in the stability study but also the intercept. 
The multivariate control chart using Hotelling T-square 
distribution satisfies the requirements mentioned. The by-
time-point method is a way to identify OOT data, while the 
multivariate approach is less sensitive to detect this kind 
of phenomena and should be used to detect an OOT batch 
instead. Also, the multivariate approach uses the time de-
pendence function within the batch, which means more 
information from the data set is used, hence, giving sound 
conclusions. The three methods discussed in Part I and Part 
II are possible ways to identify OOT data or batches in sta-
bility studies. The sensitivity of the methods to detect OOT 
results are not studied yet, therefore, one should decide if 
the data can be accepted by using all methods and drawing 
the conclusion from the results.
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yophilization, or freeze drying, 
was a crucial development in 
pharmaceutical manufacturing, 

because it allowed heat-sensitive vac-
cines, antibiotics, and protein-based 
drugs to be dried safely, forming 
powders with long shelf lives that can 
be reconstituted at the point of use. 
Its strategic importance continues to 
grow, as injectable biopharmaceuti-
cals become a more prominent part 
of the overall drug market. 

In 1998, lyophilized pharmaceuti-
cals accounted for 11.9% of all new in-
jectable or infusible drugs, but by 2015, 
they made up half of all such new drug 
introductions (1). The process is used 
widely to process monoclonal antibod-
ies and antibody drug conjugates, and 
half of the world’s 10 top-selling drugs 
are lyophilized. 

Yet, the basic pharmaceutical freeze 
drying process has seen little change 
since it was introduced in the 1940s. 
Lyophilization made a considerable 
difference during World War II, al-
lowing medicines such as penicillin 
(Photo) to be shipped long distances 
and to remain stable. According to ex-
perts who work in the field, lyophiliza-
tion remains one of the most time-con-
suming and expensive of pharma’s unit 
operations, with energy efficiency of 
less than 5%, dominance of open loop 
processing, and lack of inline quality 
monitoring (2).  

To help reduce variability and de-
velop more uniform, consistent, and 
efficient lyophilization processes, the 
National Institute of Standards and 
Technology funded the Advanced 
Lyophi l izat ion Technolog y Hub 

(LyoHUB) as part of its advanced man-
ufacturing technology consortium in 
2014. Based at Purdue University, its 
members—14 pharmaceutical manu-
facturers and equipment vendors, as 
well as universities, independent con-
sultants, and scientists with regulatory 
agencies—are developing more mod-
ern approaches to lyophilization equip-
ment design, analytics, instrumenta-
tion, training, and control. The group 
launched a demonstration facility at 
Purdue University in 2016 to facilitate 
R&D and pilot testing.

In September 2017, LyoHUB re-
leased a 10-year technology roadmap  
(2) for pharmaceutical freeze drying, 
identifying priorities for lyophiliza-
tion in terms of process technology, 
training, analytical methods, and 
equipment design. The roadmap re-
f lects the opinions of more than 100 
industry and academic experts whose 
views were elicited, analyzed, and sum-
marized using methods developed at 
Cambridge University (3). 

LyoHUB members currently view 
the development of sensors and instru-
mentation, including wireless sensors, 
and process models for primary dry-
ing as key short-term priorities for the 
industry. They have also been focusing 
on publishing “best practices” papers 
in open-access journals to summarize 
current practices and describe the state 
of research into alternatives. 

Experts see these papers as the best 
way to promote uniform approaches  
to pharmaceutical freeze drying.  The 
goal is to counter the “because it’s al-
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ways been done that way” response 
that can prevent continuous improve-
ment. One of the first such white pa-
pers describes best practices for pro-
cess monitoring (4). 

Inherent complexity
Part of the reason why pharma is still 
on a learning curve in understand-
ing lyophilization may be because the 
multi-step process is so complex com-
pared with other pharma operations. 

“Lyophilization involves complex heat 
and mass transfer,” explained Alina 
Alexeenko, Purdue University profes-
sor of aeronautics and astronautics, 
and co-director of LyoHUB, in an 
April 2017 webcast (5) on use of mod-
eling in lyophilization. In primary dry-
ing, some of the heat-transfer processes 
are pressure dependent, while others 
can be affected by differences between 
containers and even by the finishes on 
the surfaces of individual vials or con-
tainers, she stated.  

For this reason, LyoHUB is advocat-
ing greater use of modeling and simu-
lation, including advanced modeling 
tools such as computational f luid dy-
namics (CFD). These approaches can 
offer more detailed views of what’s 
happening in lyophilization equip-
ment than sensor information alone 
can give. For example, they facilitate 
mapping, and can show important 
details about vapor concentration and 
temperature and pressure distribu-
tion that might not otherwise be seen, 
Alexeenko said. 

She recalled one case, where model-
ing an industrial-scale lyophilizer re-
vealed the impact that design features 
can have on performance. In this case, 
a short section of clean-in-place and 
steam-in-place (CIP and SIP) piping, 
which accounted for only 3% of total 
area, had a significant impact on over-
all results, reducing vapor f low rate 
and overall throughput by 20%.

Use of modeling and CFD programs 
could help improve lyophilizer design 
and allow existing equipment to be 
used more efficiently, and LyoHUB is 
advancing those efforts. Among the 
other technological goals mentioned 

most prominently in LyoHUB’s road-
map are:

• Development of continuous or 
semi-continuous processes based 
on technologies that include spray 
freezing, agitated vacuum drying, 
rotary shell freeze drying, and 
electrospinning. Over the past 
few years, the food industry has 
moved to continuous operations, 
which has resulted in tremendous 
improvements in product unifor-
mity. LyoHUB members expect 
the same to be possible for phar-
maceutical freeze drying.

• Use of improved heating meth-
ods involving infrared heaters or 
volumetric heating via microwave, 
which would allow for closer con-
trol of the process.

• Use of spray-freeze drying, par-
ticularly for making bulk APIs.

• Development of alternative ster-
ilization methods, such as hy-
drogen peroxide and cold-plasma 
sterilization. Steam sterilization, 
using steam at over 120 oC, is 
most often used today. The pro-
cess, however, requires heating 
and recooling, which  can result 
in equipment wear. In addition, 
sterilization can take more than 
six hours to complete. LyoHUB 
members are evaluating the use 
of  lower-temperature alternatives.

• Establishment of standards for 
characterizing lyophilization 
equipment performance, which 
would facilitate scaleup using dif-
ferent vendors’ equipment.

• Improvement of process control, 
especially during primary drying 
when the ice crystal structure is 
set, and with it, mass transfer and 
drying rates. Currently, control 
is based on traditional open-loop 
approaches.  As a result, product 
temperature, drying rate, and re-
sidual moisture content are not 
monitored directly, so deviations 
may not receive enough attention. 

• Development of process analyti-
cal technology (PAT) tools that 
will enable closed-loop control by 
monitoring variables in real time. 

• Improvement in container and 
closure systems. Currently, prod-
uct is freeze dried in glass vials 
with rubber stoppers. LyoHUB 
members are evaluating the use 
of plastics and developing data 
on the chemical and physical in-
teractions between pharmaceuti-
cals and containers. Another idea 
being considered is using vials or 
stoppers that have been embedded 
with sensors to monitor tempera-
tures and pressures during pro-
cessing and transport. 

Farther off in the future, LyoHUB is 
evaluating freeze drying’s potential use 
with novel treatments such as cell- and 
gene-based therapies.  Below are some 
recent developments that have taken 
place within the roadmap’s focus areas.

Spin freezing 
For the past few years, RheaVita, based 
in the Netherlands, has been working 
on a continuous lyophilization process 
based on spin freezing. Collaborating 
with Ghent University, researchers 
have developed a prototype and pub-
lished comparative process data (6). 
The researchers recently presented a 
model and theoretical design space for 
the continuous process (7).

Use of miniature mass spectrometers
In November 2017, Atonarp, an in-
strumentation company in Tokyo, 
and IMA Life North America estab-
lished a venture to commercialize a 
new lyophilization monitoring pro-
cess, based on research they did with 
Pfizer (8). 

Work will focus on Atonarp’s minia-
ture mass spectrometer, which is said 
to take up less than half a cubic foot of 
space. Work with Pfizer evaluated the 
device’s performance in monitoring 
the presence of silicone oil (a sign that 
heat transfer f luids are leaking from 
lyophilizer shelves). Researchers also 
used the device successfully to detect 
endpoints for both primary and sec-
ondary drying, and to test for vacuum 
leaks inline.

contin. on page 53



48    Pharmaceutical Technology DECEMBER 2017  PharmTech .com

Facility Design and Operations

P
E

T
R

M
A

L
IN

A
K

/S
H

U
T

T
E

R
S

T
O

C
K

.C
O

M

E
nvironmental sustainability is a 
growing concern in many manufac-
turing industries, and the pharma 

industry is no exception. Facilities and 
operations that are designed to conserve 
resources, such as energy and water, can 
improve a company’s “green” image as 
well as reduce its manufacturing costs. 
Although there are some instances 
where GMP requirements may not be 
the most energy or water-conserving 
mode of operation, it is possible to attain 
both GMP compliance and efficiency, 
say experts (1, 2). Big Pharma compa-
nies have already made progress toward 
reducing water, energy, and waste, thus 
improving carbon footprint (3, 4). 

Water
Drinking water, a crucial input to 
pharma manufacturing, is expected to 
become an increasingly limited resource, 
which means its cost will rise (2). Care-

ful use, including repurposing discharge 
water from pharma processes for other 
uses (e.g., cooling towers or building 
sanitation systems) would help address 
this problem (2). Discharge of polluted 
water from some API manufacturing fa-
cilities, particularly effluents that could 
cause antimicrobial resistance, is also a 
growing concern that is beginning to be 
addressed (5). 

Energy
Although different types of pharma-
ceutical manufacturing processes use 
energy in different amounts, HVAC 
(heating, ventilation, and air condi-
tioning) systems, used to control the 
air quality of the process environment, 
consume more energy than any other 
system across all types of manufactur-
ing. In API manufacturing, for exam-
ple, HVAC may account for 35–40% of 
manufacturing site energy use, and in 

drug product manufacturing, HVAC 
may account for 60–75%, says Keith 
Beattie, Life Science lead at EECO

2
, a 

UK-based energy efficiency consultancy. 
“Optimizing other utilities, such as in-
stalling a more energy-efficient chiller 
or implementing control strategies, can 
improve efficiency by a few percent, but 
improving HVAC is the quickest return 
on investment,” he adds.

There are some straightforward 
methods for reducing HVAC energy use, 
often using existing systems and reengi-
neering or optimizing them. “The first 
step is to minimize the quantity of air 
used,” suggests Beattie. “Cleanrooms 
often use higher air change rates than 
required to meet their classification, 
and reducing air flow by even a small 
amount can result in significant sav-
ings.” A second step is to minimize 
the energy going into conditioning of 
the air. Systems can be set back or even 
switched off when not needed, and wid-
ening the set points for temperature and 
humidity can allow the system to run 
more efficiently. Conditioning more ef-
ficiently—using high-efficiency motors 
and fans, for example—also creates en-
ergy savings. Finally, says Beattie, com-
panies should maintain their systems 
by monitoring, optimizing, and not 
neglecting mechanical maintenance. 

EECO
2
 has developed an innovative 

approach to make cleanroom opera-
tions even more efficient using a con-
trol system that maintains a fixed air 
quality level (i.e., particulate count) by 
varying air flow rates, rather than the 
traditional method of fixed air change 
rate. The company has been able to re-
duce energy consumption by nearly 70% 
using this method of model predictive 
control in the company’s test facility, 
which is representative of a commercial 
cleanroom, says Beattie. He reports that 
this energy savings using the adaptive, 
demand-based system is measured from 
an already energy-efficient baseline tra-
ditional system. “Our adaptive system 
analyzes the data from particle counters 
in real time and uses these data to con-
trol the air change rate. From a compli-
ance point of view, we are controlling 
the contamination level and we have 
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data on the real performance of the cleanroom. This control 
system can thus assure quality and improve efficiency.” How 
to validate such a system is a question that needs to be an-
swered, because the current validation methods were based 
on traditional methods, notes Beattie. 

Single-use systems impact 
in biopharma manufacturing
In biopharma manufacturing, single-use systems are consid-
ered beneficial for various reasons, including significantly 
reducing the water use required for cleaning of traditional 
stainless-steel systems. Another benefit is that, because 
they are closed systems, single-use systems can operate in 
a cleanroom with a lower grade classification, which cor-
responds to operational savings (6). 

To better understand the factors affecting the sustainability of 
a biopharmaceutical facility, the M+W engineering construction 
company conducted a lifecycle assessment (LCA) on a facility 
model. LCA is standard methodology used to evaluate environ-
mental impact of a product, process, or service (or in this case, 
a facility), explains David Estapé, technology manager for Life 
Sciences in the Global Business Unit, Life Sciences & Chemicals, 
of M+W Group. An LCA can look at different environmental 
impact categories; this study considered climate change impact 
(i.e., carbon footprint in carbon dioxide equivalents). An LCA 
from “cradle to grave” takes into account not just the facility 
operation, but all materials and resources from construction to 
demolition of a facility. Facility operation, however, is the largest 
contribution to carbon footprint, the study confirmed (7).  

Using a software program designed to evaluate LCA via 
mass and energy balances, M+W looked at process, build-
ing, and utility systems for a generic monoclonal antibody 
production process using single-use systems and modular 
construction for a manufacturing facility located in China. 
The study concluded (7) that transportation of the building 
modules (by ship) had a small percent of the total environ-
mental impact of the facility (only 1%). The building systems 
(particularly HVAC) had a significant impact that varied by 
facility output (28–38%). Surprisingly, the production and 
disposal of single-use components accounted for only 9–11% 
of the total impact, while transportation of the consumables 
to the facility site accounted for 25–30% of the total. “The 
waste generated by consumables has been raised as a pos-
sible concern for single-use systems, but we found that waste 
was, in reality, a relatively small component. For a facility 
located at a long distance from the single-use system source, 
air transportation of the consumables was the biggest im-
pact,” reports Estapé. Optimizing the supply chain for con-
sumables is thus important. “Facility location is significant 
for transportation as well as for the ‘greenness’ of the energy 
source used in the LCA,” he adds. 

“Sustainability of facility design is increasingly important, 
and programs like LEED [the United States Green Building 
Council’s Leadership in Energy and Environmental Design] 
certification are desired,” notes Estapé. “It is necessary, how-
ever, to understand what exactly contributes to the environ-
mental impact for a particular facility, given its location and 
all aspects of its operation, not only factors such as energy-
efficient lighting and HVAC. We can design the best facility 
but not truly solve the problem, if the majority of the impact 
is outside the facility, in transportation, for example. Look-
ing at the LCA is crucial to addressing the real impacts.” 
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T
he world of pharmaceutical produc-
tion is changing rapidly, as therapies 
and global supply chains become 

more complex. Manufacturers must not 
only speed product delivery but ensure 
quality, safety, and efficacy. Success de-
mands consistent discipline and rigor 
from supply chain and manufacturing 
operations, as well as programs and pro-
cedures that mitigate risk and variability.

This article discusses efforts that have 
been underway at Janssen Pharmaceuti-
cals for the past few years to help achieve 
these goals. Corporate leaders wished 
to create a program with a transparent 
structure that would allow employees in 
different functions throughout the com-

pany to measure performance against in-
ternal benchmarks, but with a clear focus 
on patients and healthcare providers.

Inspiration for this program came 
from the Toyota Production System prin-
ciple, obeya. Grounded in pure, funda-
mental data analytics, this concept can 
be roughly translated as “gathering all 
the information that is required to make 
fast, sound decisions that enable robust 
and sustainable improvements.” 

In 2011, Janssen Supply Chain (JSC) 
used obeya to create and implement 
global, cross-functional reliability rooms 
(RRs). These centers are designed to 
analyze data and provide insights for 
production forecasts, identify planning 
and risk metrics, and predict trends and 
areas of improvement across all supply 
chain functions and manufacturing sites. 

So far, Janssen has set up more than 
20 reliability rooms across its global 
supply chain facilities, each with its own 
set of performance goals. Teams at each 
facility track goals on a weekly basis to 
discern new and emerging issues. This 
approach allows the team to get ahead of 
and mitigate any supply chain problems 
in the making. 

Once a problem has been identified 
and addressed, teams collaborate to dis-
cover the root cause of the supply disrup-
tion and to locate any patterns that might 
be behind it. They then share these in-
sights to drive action with respective 
business process owners. 

Continual improvement
This process of continual improvement 
and internal readjustment allows for 
consistent and sustainable improve-
ment across the supply chain. It ensures 
that employees from different functions, 
each with different perspectives, review 
performance and escalate issues or near-
misses to identify their root causes and 
identify any risks that might be embed-
ded in future plans. 

In the six years since they were first 
rolled out, RRs have become essential 
for monitoring the vital signs of the sup-
ply chain. They also serve as a forum in 
which teams can meet and discuss plans 
for procurement, production, quality, lo-
gistics, and engineering. This approach 
ensures that one plan, executed by one 
team, delivers results against a set of 
shared priorities. 

A central group is charged with dis-
covering systemic issues that affect the 
supply chain and working with partners 
at various sites to find robust, sustainable 
preventative and corrective actions. At 
the same time, the central RR identifies 
best practices that can be shared with the 
company’s supply-chain partners.  

A core tenet of the RRs is risk identifi-
cation and assessment, achieved through 
a stratification of metrics and other fac-
tors based around supply balancing. 
Supply-chain-performance metrics are 
monitored against thresholds for which 
performance has been correlated to im-
pact. Thresholds then indicate whether 
or not the problem is under control.

Reliability Rooms and the 
Move to Proactive Supply 
Chain Management 
Ian Elliot 
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For example, there is a statistical cor-
relation between certain metrics that 
are associated with stock outs in certain 
markets, which are fed by certain sites. 
Knowing these correlations allows tar-
gets to be set so that any supply disrup-
tions can be avoided.

Similarly, data have been correlated on 
the types of product-quality issues and 
their impact on the supply chain. These 
correlations, and thresholds, are then 
used to guide inventory stocking and 
business continuity planning.

Using planning to track risk
Demand and planning can be used to 
track risk. The RRs, for example, engage 
in monthly demand reviews to measure 
and monitor mean-absolute-percent 
error and bias to forecast.  

The company has also introduced a 
bias-tracking signal that effectively mea-
sures and identifies patterns in under- 
and over-forecasting. Using this signal 
helps ensure that the assumptions made 
in business forecasts are regularly and 
thoroughly reviewed. Regular review is 
essential to minimizing variability.

The supply-chain function is utiliz-
ing advanced analytical techniques to 
determine the optimum algorithm for 
each product and market. For example, 
for planning, teams typically look at the 
demand/supply balancing during a 13-
week period.  When and where gaps in 
supply or atypical reductions in inven-
tory show up, the RRs raise and review 
a short-term exception management 
(STEM) action. 

Individuals from different functions 
within the company jointly decide on 
the best course of action, and results are 
monitored weekly. In addition, the RRs 
keep a log of every potential supply in-
terruption, early warning indicator, and 
critical stock out, tracking each issue and 
its resolution. 

So far, experience has shown the 
importance of monitoring conditions 
closely. Results have shown that, if a 
[potential] supply interruption can be 
detected more than eight weeks before 
it actually happens, the company will be 
more than 80% successful in mitigating 
its impact. 

Monitoring suppliers 
Assessment tools also provide a holistic 
picture of contract partner and supplier 
risk and performance. The granularity of 
tracking will depend on the company’s 
level of dependency on the individual 
partner, but, generally, the RRs track 
data on suppliers’ quality, delivery, cost 
and risk profile, technology usage, in-
novation, audit results, and strategic 
alignment. In some cases, their internal 
performance is monitored in terms of ca-
pacity utilization, schedule attainment, 
raw material and work-in-progress levels, 
as well as audit status. 

These data provide transparency and a 
window into their internal performance, 
giving early warning signs of possible 
trouble. Data sharing takes place within 
a framework of partnership that encour-
ages periodic business reviews and a 
spirit of mutual improvement.

Managing information
At this point, RR’s collect data from 
sources that include the following: 
• Business warehouses that store data 

on commercial performance
• Online portals, laboratory infor-

mation systems, and enterprise re-
source planning systems that store 
product quality data

• Procurement systems that provide 
supplier performance data.  

These data are then interfaced into an 
enterprise data warehouse (EDW), using 
business filters and calculations to derive 
performance data. The EDW is built on 
a Teradata platform, and staged data are 
visualized and analyzed using a number 
of different software programs, includ-
ing products from Spotfire, Tableau, 
Qlikview, and Qliksense.

During the initial planning stages of 
the Janssen RRs, there were concerns 
about gathering the data, making them 
visible, and ensuring attendance from 
the stakeholders at each site amid busy 
schedules and eminent deadlines. Grad-
ually, as the teams adopted the approach 
and started to see and feel the benefits, 
each team adapted the approach to make 
it work best for them. Each room has a 
standard configuration and standard 
data, but the sites have the freedom to 

incorporate extra information to opti-
mize their effectiveness and efficiency.  

Training approaches
Because the company is global in out-
look, training for the RRs tends to be 
built around a central communication or 
training plan, utilizing short video clips 
that explain system utilization.

This basic structure is then reinforced 
with traditional presentations, both self-
study modules and interactive. This 
standard is maintained by a central team 
and then made accessible via internal 
networks. Training is also augmented 
based on local or regional practice to ac-
commodate local needs. 

Since their inception, RRs have had 
a measurable impact in in preventing 
supply chain disruptions by allowing 
the company and employees to visualize 
any constraints, understand the business 
from an end-to-end perspective, and 
drive a more predictive mindset. The 
RRs solve challenges and problems every 
day, ranging from missed deliveries from 
suppliers to accommodating changes in 
demand to equipment improvements. 

One of the issues monitored has been 
availability and correctness of narcotics 
licenses that permit sales of some prod-
ucts in regulated countries. Through 
data collection and analysis, key themes 
were identified related to timeliness, cer-
tain countries’ response rates, and the 
quality of documents. 

A cross-functional team from qual-
ity, customer logistics, global planning, 
and affiliate services, facilitated by the 
global reliability team, has put in place 
a revised process, simplified procedures, 
developed personnel training, and in-
stalled performance monitoring on the 
process. As a result, the company have 
seen a 35% reduction in issues, meaning 
more “right-first-time” deliveries from 
affiliates and less risk of stock outs.

Janssen has seen a number of ad-
ditional improvements and successes 
from the RRs. Since 2015, the company 
has delivered a 100% “launch on time” 
success rate for new products. This is 
based on a supply chain that can deliver 
these new products to customers follow-
ing regulatory approvals and within the 
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timeframes that have been committed to. 
As RRs continue to develop, they remain 
centered around the following : 

• Commitment and connection 
to the customer. Thinking about 
partners enables an organizaton to 
make the best decisions and com-
promises that are required to sup-
port those partners.

• Ability to see and articulate priori-
ties for the business and the com-
mitments that have been made. 

• Use of a standard for tracking per-
formance, not only in reliability, but 
in safety, quality, cost, and impact 
on customers. 

• Looking at progress versus larger 
business goals to ensure that the or-
ganization is on track to meet com-
petitive goals, deliver on the sites’ 
missions, and launch new products.  

Janssen has had to revise its approach. 
In 2016, for example, the company made 
functional groups more accountable 
for reliability so that the supply-chain 
function could take more of a support-
ive role. This has helped the functional 
teams remain the drivers of the various 
parts and has meant the solutions have 
greater internal buy-in, while also sup-
porting broader-based improvement.  

The company has also updated the 
RRs’ daily performance management to 
standardize them around the Johnson & 
Johnson Production System (1), which 
brings a single standard to all sites. This 
is being rolled out across the company’s 
network, increasing the rigor in root 
cause analysis and execution.

Looking to the future, performance 
metrics will need to blend both site and 
supply chain performance. Those met-

rics, observations, and staff can then be 
used to identify and eliminate any waste 
in the system and make sure everything 
possible is being done to keep products 
continually affordable.  

In the future, the RRs will become 
increasingly connected.  There will 
also be a need for faster data collec-
tion, because data analytics are already 
proving to be crucial to developing the 
optimal scenario for supply.  As they 
evolve, the RRs are proving to be a key 
process and capability. They help en-
sure that the organization can predict 
and visualize issues, rather than simply 
react to them.
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Wireless monitoring  
and heat-flux sensing
Other process-monitoring solutions 
developed for lyophilization. They 
include IQ Mobil’s Tempris wireless 
temperature monitoring technology, 
as well as Millrock Technology’s mea-
surement platforms based on heat-flux 
sensing, which allows users to measure 
and control heat transfer within the ly-
ophilizer. The technology was recently 
evaluated at Purdue and showed posi-
tive results (9). The company, which 
has developed LyoSim for modeling 
and simulation, also offers LyoPAT 
sensors and control software, to help 
ease the scaleup of lyophilization pro-
cesses from lab to facility. 

Coriolis Pharma Research has evalu-
ated heat-f lux sensing as a PAT tech-
nique for lyophilization (10). In com-
paring the data with data derived from 
comparative pressure measurements, 
thermocouple readings, and Karl 
Fischer titration, researchers report 
that they found that direct measure-
ment of heat transfer provided more 
insights into the thermodynamics of 
the freezing process.  

The research team also reports that 
the PAT approach allowed them to use 

a “vial heat-transfer coefficient,” as a 
non-invasive way to monitor product 
temperature throughout the primary 
drying process. In addition, the re-
searchers said, the technology allowed 
them to determine the primary drying 
endpoint as effectively as the tradi-
tional industry approach of measuring 
via a thermocouple.

Advances are also being seen with 
Tunable Diode Laser Absorption 
Spectroscopy (TDLAS). A platform 
has been optimized for lyophilization, 
using a spectrometer developed by 
Physical Sciences, Inc., and SP Scien-
tific’s LyoFlux sensors to measure criti-
cal process parameters. 
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outsourcing outlook

O
utsourcing in the biopharmaceu-
tical industry had a productive 
2017. A flurry of acquisitions, an 

expansion of biotechnology needs, and 
a growth in new facilities and services 
offered were seen. The following are 
some of the highlights from the year in 
pharmaceutical outsourcing.

Mergers and acquisitions
Acquisitions were robust in 2017, with 
more than 25 companies making moves 
to gain new facilities and services. On 
Jan. 19, 2017, WuXi AppTec announced 
the acquisition of the biology-focused 
preclinical drug discovery contract re-
search organization (CRO), HD Biosci-
ences (HDB), which is headquartered in 
Shanghai and has operating facilities in 
Beijing and San Diego, CA. HDB offers 
plate-based pharmacology and screen-
ing capabilities, hit identification, lead 
discovery, and in vivo pharmacology, 
among other services  (1). 

Catalent completed the acquisition of 
Accucaps, the Canada-based developer 
and manufacturer of over-the-counter 
(OTC), high-potency and conventional 
pharmaceutical softgels, in February. 
The acquisition complements Catalent’s 
global OTC and prescription pharma-
ceutical softgel capabilities and capacity, 
adding a portfolio of products supplied 
to pharmaceutical companies in North 
America and two facilities offering in-
tegrated softgel development, manufac-
turing, and packaging (2). 

In June, Lonza completed the acquisi-
tion of Capsugel S.A. from KKR for $5.5 
billion in cash, including refinancing of 
existing Capsugel debt of approximately 

$2 billion. The acquisition is in line with 
Lonza’s strategy to accelerate growth and 
deliver value complementing its existing 
offerings and by creating market oppor-
tunities in the pharma and consumer 
healthcare and nutrition industries (3). 

Lonza also acquired Micro-Macinaz-
ione (Switzerland), which provides mi-
cronization of active ingredients for the 
pharmaceutical and fine chemical indus-
tries, in July. The acquisition boosts Lon-
za’s micronization services at its existing 
micronization clinical and commercial 
manufacturing site in Quakertown, PA, 
which Lonza gained through its acquisi-
tion of Capsugel. Capsugel had gained 
the Quakertown facility in January 2016 
when it acquired Powdersize, a contract 
manufacturer specializing in particle 
engineering. Lonza/Capsugel has since 
invested in significant additional capac-
ity at the Quakertown site (4). 

On Aug. 29, 2017, Thermo Fisher 
Scientific announced its completed ac-
quisition of Patheon, a contract develop-
ment and manufacturing organization 
(CDMO). Patheon will become part of 
Thermo Fisher’s laboratory products 
and services segment. The acquisition 
adds Patheon’s CDMO capabilities to 
Thermo’s clinical trials services and 
bioproduction technologies (5). 

MilliporeSigma, the life-science sub-
sidiary of Merck KGaA, announced in 
August an agreement to acquire Natrix 
Separations, an Ontario, Canada-based 
provider of hydrogel membrane prod-
ucts for single-use chromatography. 
This acquisition is part of Millipore-
Sigma’s efforts to drive next-genera-
tion bioprocessing. Specializing in the 

manufacturing of biopharmaceuticals 
through disposable downstream pro-
cessing products, Natrix markets an 
anion exchange membrane and cation 
exchange membrane, and is develop-
ing additional products to enable a fully 
single-use, full-scale biological purifica-
tion process (6). 

Charles River Labs announced in Au-
gust that it has acquired Brains On-Line, 
a CRO that provides data used to ad-
vance therapeutics for the treatment of 
central nervous system (CNS) diseases. 
With operations in San Francisco, the 
Netherlands, and Germany, Brains On-
Line uses in vivo efficacy and pharma-
cokinetics testing to provide data neces-
sary to advance potential CNS therapies 
through the development process (7). 

In September 2017, Eurofins Scientific 
entered into an agreement to acquire 
EAG Labs, a scientific services company 
specializing in analytical and testing 
services to the agrochemical and phar-
maceutical industries, from Odyssey 
Investment Partners. This acquisition by 
Eurofins Scientific was the latest move in 
a series of transitions for EAG Labs. In 
July 2015, EAG (Evans Analytical Group), 
a scientific services company that serves 
technology- and life-science-related in-
dustries, acquired Analytical Bio-Chem-
istry Laboratories (ABC Laboratories), 
which it later rebranded as EAG Labs 
in July 2016. With this acquisition, Eu-
rofins Scientific aims to expand its reach 
in North America (8). 

Catalent acquired Cook Pharmica, 
a Bloomington, Indiana-based biolog-
ics CDMO, in October. The acquisi-
tion strengthens Catalent’s position in 

Pharma Outsourcing: 
A Year in Review

In a productive year, 2017 was filled with acquisitions, 

facility expansions, and new biopharma technology. 
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biologics development and analytical 
services, manufacturing, and finished 
product supply (9). 

CordenPharma entered into definite 
agreements to acquire the former Ho-
spira Boulder high-containment API site 
from Pfizer, the company announced on 
Oct. 10, 2017. Located in proximity to 
the existing CordenPharma Colorado 
facility, Hospira Boulder produces APIs 
and intermediate products with special-
ized capabilities in small- to medium-
scale highly potent and cytotoxic API 
manufacturing (10). 

Partnerships
In January, GEA and Siemens AG an-
nounced a partnership to bring continu-
ous manufacturing to the pharmaceutical 
and life-sciences industries by offering an 
integrated continuous tablet manufactur-
ing line. Comprising GEA’s ConsiGma 
continuous manufacturing platform 
equipped with a Siemens Automation & 
Industrial IT solution, including Sipat for 
PAT Data Management, the combined 
technologies offer both wet granulation 
and direct compression for continuous 
tablet production (11).

Catalent Pharma Solutions an-
nounced in July that it has entered 
into an exclusive long-term supply 
agreement to produce Pfizer’s Advil 
Liqui-Gels Minis (ibuprofen), which 
uses Catalent’s softgel platform Opti-
Gel Mini technology. The new format, 
Advil Liqui-Gels Minis, delivers the 
formulation in a more concentrated 
fill, resulting in smaller capsules that 
are easier to swallow (12). 

On Aug. 29, 2017, MilliporeSigma an-
nounced a collaboration with Angiex, a 
biotechnology start-up based in Cam-
bridge, MA, to support the development 
of TM4SF1, Angiex’s lead oncology anti-
body drug candidate, to clinical use. The 
treatment is an antibody-drug conjugate 
(ADC) therapy for cancer against a vas-
cular target. The collaboration is the first 
project to take place at MilliporeSigma’s 
biodevelopment center in Burlington, 
MA, set to open in October 2017. Angiex 
will be given end-to-end process devel-
opment tools, education programs, and 
training by the company (13).

New facilities and services
In April, Catalent Pharma Solutions an-
nounced that it is increasing spray-drying 
capacity at its Pharmatek, San Diego, CA 
facility with the installation of an ad-
ditional GEA Niro Mobile Minor unit. 
The expanded capabilities are being in-
troduced in response to market demand 
for solubility enhancement solutions. 
To further support the development of 
spray-dried dispersions, Catalent has also 
installed a third Gerties Mini-Pactor, a 
high-pressure roller compactor, at its San 
Diego site (14). 

EAG Laboratories announced on 
April 25, 2017 that the company is ex-
panding a dedicated cell bioassay lab-
oratory in Columbia, MO, tripling the 
footprint of its existing facility.  The 
expansion includes cell-culturing in-
cubators and new instrumentation to 
increase capacity and assay through-
put (15).   

On May 8, 2017, Patheon completed 
an expansion project at its Greenville, 
NC manufacturing site. The company 
invested approximately $26 million to 
update its sterile pharmaceutical develop-
ment service (PDS) suite and to build an 
integrated sterile PDS suite that is com-
pliant with regulatory authorities. The 
PDS suite will manufacture sterile liquid 
and lyophilized drug products (16).

In July, Avantor opened a new re-
search center in Bridgewater, NJ, to 
help customers with a full range 
of upstream and downstream pro-
cesses, from gene to protein expres-
sion through final formulation and 
drug delivery. The center includes 
life sciences and advanced materials 
research tools, including cleanroom 
facilities, multiple mass spectrometers, 
specially constructed bioreactors, and 
particle size analyzers to help compa-
nies with customized drug develop-
ment (17).

On August 30, 2017, Cambrex an-
nounced the expansion of its High 
Point, NC facility. According to the 
company, the investment is a response 
to customer demand for analytical 
development and validation services 
in support of cGMP products at the 
clinical stage (18).
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Lonza in Gene 
Therapy Licens-
ing Agreements
On Nov. 30, 2017, Lonza an-

nounced strategic license 

agreements with Massachusetts 

Eye and Ear (MEE), a specialty 

hospital, and Akouos, a new bio-

technology company focused 

on restoring and preserving 

hearing, for exclusive rights to 

an ancestral adeno-associated 

viral vectors (Anc-AAV) gene-

therapy platform for hearing 

and balance disorders.

The agreement with Akouos 

will accelerate AAV gene therapy 

for hearing and balance disorder. 

This agreement builds on an ex-

isting Anc-AAV partnership be-

tween MEE and Lonza. It brings 

together expertise and resources 

in hearing-science research and 

development, clinical research, 

and AAV manufacturing.

Based on the close of a 

$7.5-million seed round led by 

investors 5AM Ventures and New 

Enterprise Associates (NEA), with 

participation from Partners In-

novation Fund, Akouos plans to 

build a gene therapy company 

focused on hearing and balance 

disorders. Kush Parmar, manag-

ing partner at 5AM Ventures, and 

Ed Mathers, partner at NEA, will 

join the Akouos board of direc-

tors as a result of the investment.

Anc-AAVs are in silico-de-

signed AAVs, first developed in 

the laboratory of Dr. Luk H. Van-

denberghe, assistant professor 

at Harvard Medical School and 

director of the Grousbeck Gene 

Therapy Center at MEE, accord-

ing to the companies.

“Our cornerstone partner-

ship with MEE, the world’s 

largest hearing research cen-

ter, and with Lonza, a global 

leader in viral gene and cell 

therapy manufacturing, sets 

a strong foundation for the 

important work to be done in 

this emergent field. Together 

with these strategic partners 

and our founding investors at 

5AM Ventures, NEA, and Part-

ners Innovation Fund, Akouos 

is poised to translate scientific 

breakthroughs into life-

changing treatments,” said Dr. 

Manny Simons, founder and 

CEO of Akouos, in a company 

press release.

Binding Site Expands 
mAb Portfolio
Binding Site’s Immunologi-

cals Group has expanded its 

monoclonal antibody (mAb) 

product offerings. In addition 

to the established conjugated 

and unconjugated versions 

of the IgG4 Clone-HP6025 

and the CD23 Clone BU-3438, 

Binding Site has introduced a 

number of new mAbs targeting 

infectious diseases, including 

cytomegalovirus, hepatitis (A, 

B, C, and D), herpes, human 

immunodeficiency virus (HIV), 

rubella, and toxoplasma.

These antibodies are highly 

specific and demonstrate high 

levels of purity, extended 

shelf-life stability, and lot-to-

lot consistencies, according 

to Binding Site. The infectious 

disease mAbs are all available 

in a standard-sized 1.0-mg fill 

format, while the rest come in 

a standard 0.2-mg fill format. 

In addition, bulk packaging 

and customer-specific pack-

aging options are available for 

all of these mAbs.

pharma capsules
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• General description: This describes in paragraph form 

the necessary elements that need to be performed to 

successfully execute the SOP requirements. 

• Play script: This is a simple step-by-step instructional SOP. 

Its format is a written set of instructions with a logical 

sequence flow (operator does a, then b, then c, etc.). It 

is similar to following a recipe for making a cake. The 

majority of SOPs utilize this type of format.

• Flow chart: A flow chart SOP translates the elements of 

the written step-by-step instructions into a sequence 

of pictures that define what is needed to perform the 

operation in the defined sequence of steps displayed in 

the flow chart.

• Pictorial: A pictorial SOP uses only pictures to 

communicate to the user the appropriate steps in the SOP 

and the order they are to be performed. This type of SOP 

can be useful when there are language concerns.

• Combination: A combination SOP uses multiple methods, 

such as both words and pictures, to communicate to the 

user the critical information in the SOP and the order in 

which the steps are to be performed. 

Training for effective SOPs

The final consideration for effective SOPs is training. The 

traditional read/understood acknowledgement may not be 

enough to assure that an employee understands the content 

of the SOP. Companies should consider group trainings and 

comprehension evaluations for determining the effectiveness 

of the SOP. Keep in mind, however, that just because an 

employee does not pass an SOP comprehension test does not 

necessarily mean the employee doesn’t understand. It could 

be an indication of a poorly written SOP or ineffective training. 

Companies should also consider training on SOPs through 

the use of video recording. This could include presenting 

video demonstrating proper technique as well as using video 

recordings as on the job training tools to evaluate proper 

technique of an individual. The use of video recording could 

be most helpful for people who need to gown appropriately to 

enter into an aseptic manufacturing area. 

Remember there is no set rule dictating the format of the 

SOP instructions, and it is up to the company to determine 

what works best for your facility. SOPs should be written 

to reflect a company’s business practices, allowing them 

to optimize efficiency and productivity of their operations. 

It is important to tailor your procedures to the personnel 

performing your operations whether highly experienced or 

relatively new to the regulated environment. The training on 

an SOP is equally as important as the information contained in 

the SOP, and companies need to consider the most effective 

way to train personnel on an SOP. The training presented 

may not be the same for all SOPs. Bottom line, SOPs and the 

associated training should be easily understood and able to be 

followed by the employees who rely on them to perform their 

job responsibilities.  PT
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SOPs need to reflect a company’s specific manufacturing or other operations, 

says Susan Schniepp, distinguished fellow at Regulatory Compliance Associates.

Q:I recently transferred to the document control depart-

ment and am working with people on creating and/or

revising standard operating procedures (SOPs). My colleagues

have very different ideas on how much information should be

included in the SOPs. Some want very detailed instructions and

others want minimal information. Can you please advise on

how detailed SOPs should be to fulfill regulatory expectations?

A:There is no right or wrong answer regarding how much 

or how little information should be contained in an SOP.

Whether you work in the medical device, pharmaceutical, or

bio-technology industry, you are relying on SOPs to help you

perform the day-to-day activities associated with your job.

The purpose of an SOP is to define the steps, in logical order,

needed to perform a repeatable task and achieve a repeatable

outcome. SOPs document the steps of key processes to help 

ensure a consistent, quality output. SOPs are useful tools for

operationalizing, optimizing, and communicating important 

corporate policies, government regulations, and best prac-

tices for ensuring consistent, reliable, and safe medications or

medical devices to patients.

SOPs should be written to allow your personnel to conduct

operations in a consistent manner that will assure regulatory 

compliance and product quality. They need to reflect a com-

pany’s specific manufacturing or other operations. The more

repeatable and consistent an operation or procedure becomes, 

the less waste there will be in the process. Consistency 

in work performance will lead to fewer deviations and

investigations associated with the process, which translates

into less down time and fewer product rejections. This is just

good business sense.

Regulations and SOPs

SOPs should not be written for regulators, but should reflect

a company’s operations. Writing SOPs to appease regulators

or because you think the regulatory authorities require them 

will only lead to confusion and regulatory citations. Writing 

an SOP for a process, procedure, or operation that you do 

not perform just because it is listed in the regulations is

not advised. This concept is particularly important when

taking into consideration today’s environment. They are many 

virtual and small companies that outsource much of their

operations. US 21 Code of Federal Regulations (CFR) 200.10 

discusses the relationship between a contract provider and a 

contract giver by stating, “The Food and Drug Administration 

is aware that many manufacturers of pharmaceutical

products utilize extramural independent contract facilities,

such as testing laboratories, contract packers or labelers,

and custom grinders, and regards extramural facilities as an 

extension of the manufacturer’s own facility.” Companies 

that outsource all or some of their operations should rely 

on their quality agreements and the SOPs of their contract 

providers to define how they perform the services being

outsourced. Contract providers should not write an SOP 

that defines something they are not doing that they have

contracted for another entity to do. 

Some companies, in particular start-up companies, might

be tempted to purchase pre-written SOPs. This activity might

be acceptable on the condition that the purchased SOP is

reviewed and the appropriate changes be made to reflect the

actual operations of the company who purchased the SOP. 

Failure to tailor purchased SOPs to the actual specific process

will most likely result in a regulatory citation for failure to

follow written procedures.

SOP format

Another considerat ion for an SOP is the format for

communicating the information. A company needs to keep an 

open mind to various SOP formats and communication types. 

All SOPs, regardless of format, should offer clear step-by-step

instructions and may utilize various presentation styles as a

means of communicating the details of the SOP. The following

examples are presentation styles to be considered when 

writing SOPs:

What’s in Your SOP?

D
A

M
IA

N
 P

A
L
U

S
/S

H
U

T
T

E
R

S
T

O
C

K
.C

O
M

SOPs should be written to 

allow your personnel to 

conduct operations in a 

consistent manner. 

Contin. on page 57
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