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Vicky Qing Xia 

is project director at  

BioPlan Associates.

The past decade has witnessed robust growth in 

China’s biopharma industry due to rise in gross 

domestic product (GDP), expansion of China’s middle 

class, greater coverage of the national healthcare, 

as well as a rapidly aging population and massive 

urbanization. In 2014, the market was approximately 

US$5.0 billion, projected to be the second largest 

biologics market globally by 2020 (1). This represents 

a compound annual growth rate (CAGR) of 

approximately 20%.

Although the past couple years have shown signs 

of a cooling domestic economy, China’s biopharma 

industry has remained strong, as manufacturers both 

domestic and abroad make long-term investments. 

BioPlan Associates’ study of domestic Chinese 

bioprocessing capacity shows that both domestic 

Chinese and multinational pharma investments have 

dramatically grown since 2008 (2).

Analysis of the largest facilities indicate growth 

in both liters capacity and staffing for production of 

biologics. In addition, global companies continue to 

invest in construction of biomanufacturing facilities. 

Boehringer Ingelheim’s contract manufacturing facility 

in Shanghai and Pfizer’s biologics center in Hangzhou 

(3) are two prominent examples. Many more domestic 

companies, however, are moving in the same 

direction. Many of the established biologics makers, 

including China National Biotech Group Company, the 

biggest vaccine maker in China, are expanding and 

upgrading their existing biomanufacturing facilities. 

The group is also supporting one of its subsidiaries, 

the Chengdu Institute of Biological Products Co., 

Ltd., to become the first in China to get World Health 

Organization (WHO) prequalification with a patented 

Japanese Encephalitis vaccine. Newcomers in the 

biopharma industry also broke ground for new bio-

manufacturing facilities. Teruisi Pharma, for example, 

is building its 24,000-L antibody manufacturing 

facility, and WuXi Biologics began construction on 

a new $150-million biologics manufacturing facility. 

When complete, this new facility will be the largest 

mammalian cell-culture manufacturing facility using 

disposable bioreactors in the world. This makes the 

facility the largest biomanufacturing facility of any 

kind in China. In addition, several Chinese biologics 

facilities are under active construction.

The growth in market size also requires a more 

innovative biologics pipeline. According to data 

from China’s regulatory authorities, as of February 

2017, China had 171 monoclonal antibody (mAb) 

therapeutics under clinical development, from 82 

biologics manufacturers. In 2016 alone, 32 new 

projects entered clinical trials (3). Though China 

started commercialization of antibody drugs relatively 

late compared with the United States and Europe, 

and currently has only granted a new drug application 

(NDA) to fewer than 10 ‘made-in-China’ mAb 

therapeutics, more launches are expected in the next 

few years.

Staffing challenges
Over the past decade, China has been fixing problems 

related to funding, pipeline development, quality 

management, and facility upgrades. But what’s more 

difficult to fix is the looming shortage of talented 

staff to support the increase in capacity and quality 

production. This is likely to become a real bottleneck, 

as domestic biomanufacturers move ahead and target 

international, more regulated markets.

And, capturing market share internationally is 

clearly something Chinese manufacturers expect 

to be doing over the next decade (4). In a BioPlan 

Associates’ study, nearly 90% of responding Chinese 

biologics managers indicated their company currently 

plans to target global distribution of GMP-produced 

biologics within 10 years. Further, nearly half of 

respondents indicated the need for more ‘scientific/

technical expertise’ to succeed (4).

In another recent analysis of training in China, 

BioPlan interviewed more than a dozen experts 

and high-level biopharma industry managers in 

China. Many industry insiders lament that current 

degree programmes from academic organizations in 

China are relatively out of touch with industry and 

are not designed to meet the evolving demands of 

biomanufacturers. 

While multiple bioprocessing vendors (including GE, 

Sartorius, and Pall) currently offer product training 

Staffing for China’s 
Rapidly Growing 
Biomanufacturing Industry
New study shows China biopharma companies face staffing shortages.
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seminars, many core bioprocessing 

staff regard these as too general, or 

not comprehensive enough to meet 

their operational training needs. 

Vendor courses may also not fit 

systems provided by competitors. 

Those who need training most are 

new/entry level staff in bioprocessing; 

yet due to high turnover rates in 

China, many companies are reluctant 

to make investment in training. As in 

the US/EU, many companies must rely 

on existing experienced staff to train 

entry level new staff. But industry 

insiders agree that such real expertise 

in bioprocessing—those capable of 

training new core staff—can only 

be found in the EU/US or in returnee 

scientists.

Some companies are hiring 

consultants overseas to give 

training courses, and others have 

developed internal courses to 

meet needs. Manufacturers find 

quality control (QC) and formulation 

to be two specific areas where 

in-depth training is needed the 

most, and they are willing to make 

investments. Currently, there are 

training companies offering courses 

in drug formulation, QC, etc. Others 

are considering sending staff to US 

universities.

Overcoming talent  
shortages in China
With almost 100 Chinese companies 

developing mAb therapeutics at 

some stage, training staff and 

attracting returnee scientists 

to enable efficient, GMP-grade 

biomanufacturing in the near future 

may be just too challenging for some 

smaller and early-stage biotechs. 

A short-term alternative may be to 

avoid building biomanufacturing 

facilities, and training internal 

bioprocessing teams. Outsourcing 

manufacturing to contract 

manufacturing organizations (CMOs) 

may be the only option for some. 

China is already home to several 

technically advanced CMOs, such 

as JHL Biotech, WuXi Biologics, and 

Boehringer Ingelheim in Shanghai. 

Each has in-depth technological 

know-how in biomanufacturing and a 

team of bio-processing professionals 

with industry experience from 

Western countries. JHL Biotech, 

which kicked off operation in 2016, 

has already entered agreements with 

BeiGene, Ltd. for a new biologic. The 

company also announced a strategic 

alliance with Sanofi to collaborate on 

the commercialization of biologics in 

China. In 2016, Zai Lab of Shanghai 

and Boehringer Ingelheim also signed 

a cooperation agreement under 

which Boehringer Ingelheim will 

provide manufacturing services in its 

Shanghai facility for a mAb from Zai. 

China is currently reforming its 

rather restrictive CMO regulatory 

environment with a pilot programmes 

in market authorization holder (MAH) 

in certain provinces, to allow a drug 

developer to outsource manufacturing 

to a CMO. These changes are likely to 

expand in the future.

Although recent regulatory 

reforms have opened the door for 

CMO operations, many domestic 

biomanufacturers plan to build 

internal manufacturing capability. 

To staff such facilities, employers 

are actively seeking standardized 

programmes applicable across 

multiple systems and multiple 

vendors; for both entry level and core 

staff.  Potentially a supplier/industry 

association collaboration from 

Sino-US joint education programmes 

to develop certificate programmes in 

bioprocessing to address current and 

future needs.

Hiring difficulties  
in China vs. US/EU
There are no significant differences 

in the challenges faced by US/

EU facilities and their Chinese 

counterparts in terms of staffing 

challenges (2). Of the 222 qualified 

global industry executives, over 

a third cannot fill upstream or 

downstream process development 

positions (5). The magnitude of the 

problem is likely to be even greater in 

China as facilities rapidly expand (see 

Figure 1).

This ongoing hiring challenge 

will further confound the growth 

of manufacturing capacity to levels 

needed to support China’s domestic 

manufacturing. The industry can 

expect a capacity crunch due to hiring 

challenges as more biologics facilities 

compete for a limited pool of staff 

talent. While CMOs and others will 

likely alleviate some of this demand, 

manufacturing capacity may be at a 

premium in coming years, as available 

staff keep busy.
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Hiring Difficulties: “Which job positions at your facility
are you currently finding it difficult to fill?”

Process development staff, upstream

Process development staff, downstream

Process engineers

Downstream operations staff

Upstream operations staff

Data source: 13th Annual Report and Survey of Biopharmaceutical Manufacturing, April 2016
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35.1%

29.9%

22.1%

22.1%

Figure 1: Areas where hiring difficulties exist in biopharmaceutical 

operations (Selected areas).
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The European Union–United States mutual recognition 

agreement (MRA) on GMP inspections, announced in early 

March 2017 (1), was a big step forward in the EU’s eagerness 

to play a key role in the achievement of uniform standards in 

pharmaceuticals across the world. This quest for leadership 

in harmonizing standards is being driven by the EU’s network 

of regulatory agencies headed by the European Medicines 

Agency (EMA), which operates a uniform set of cross-border 

standards within the Union.

The trans-Atlantic deal is by far the biggest of the MRAs 

on GMP inspections reached by the EU. But its complexity 

is likely to lead to a more gradual, incremental approach to 

MRAs by EMA. The agency is in no hurry to negotiate new 

MRAs. “At the moment, there are no plans for MRAs with other 

countries in the short term, [although] this is not to be excluded 

in the future,” an EMA spokesperson told Pharmaceutical 

Technology Europe. The only MRA talks on the agenda is an 

extension of an existing 15-year-old MRA with Japan, which 

has restricted coverage of types of medicinal products (2).

Both sides want to make it “fully operational” so that it applies 

to the manufacture of all or most medicines on the market.

The EU–US MRA has highlighted the difficulties of forming 

mutual GMP agreements among other non-EU countries. 

The agreement has taken approximately 20 years to set 

up, mainly because of the time needed to create trust 

between the two parties to the deal. It still will not come 

fully into force until 2019, while its scope in terms of types of 

medicines covered may not be finalized until July 2022 (3).

The role of MRAs

MRAs, which essentially enable the granting of GMP certifi-

cates by regulatory agencies in one country to be recognized 

in another country and vice versa, could be important for the 

future of the globalized pharmaceuticals market. They cover 

the production of finished medicines and APIs, and could in 

theory be extended to starting materials as well. 

As pharmaceutical supply chains broaden across 

the world, the inspectorates of regulatory agencies are 

becoming severely stretched. MRAs are needed to make 

better use of limited resources, avoid repeated inspections 

of individual plants, encourage the exchange of information 

between agencies, and to disseminate best practices. 

“Mutual recognition agreements on GMP inspection have 

been important tools to reduce unnecessary, duplicative 

inspection of manufacturing sites,” says a spokesman

for the European Federation of Pharmaceutical Industries

and Associations (EFPIA), Brussels. MRAs also enable 

agencies to concentrate more of their inspection activities 

on higher-risk plants, particularly in developing countries. 

The EU is a significant force in the international expansion of 

MRAs because its own pharmaceutical market of 28 member

states—soon likely to be reduced to 27 by the exit of the

United Kingdom—is based on mutual recognition, not only of 

GMP inspections but also drug marketing approvals. Outside 

of the Union, the EU also has MRAs on GMP inspections with 

Switzerland, Australia, New Zealand, Israel, Japan, Canada, and

now the US. Only three of those MRAs—with Australia, New

Zealand, and Switzerland—are currently categorized as being 

fully operational. Some of these MRAs stretch back to the turn 

of the century or earlier when there was a spurt of mutual 

recognition deals between the EU and other countries embracing 

a range of product categories including pharmaceuticals. But

they had limited scope or failed to be fully implemented. 

Most of the EU’s new MRAs in medicines have been

reached through the framework of free-trade talks. The 

EU–US agreement was achieved during negotiations 

on the Transatlantic Trade and Investment Partnership 

(TTIP), an EU–US proposed pact on the removal of tariff 

and non-tariff barriers on which discussions are currently 

deadlocked. A new EU–Canada MRA was finalized in 2016 

during negotiations on a Comprehensive Economic and 

Trade Agreement (CETA) between the two partners (4), 

which has taken seven years to complete. Now there should 

be opportunities for more MRAs being reached through 

bilateral or sectoral agreements, which are likely to replace 

multilateral deals as the main means of increasing trade by 

lifting obstacles like different regulations and standards.

Competence and confidentiality

The updated EU–US MRA has effectively become a separate 

sectoral deal while TTIP itself is on pause. The original 

agreement was reached in 1998 as part of a mutual recognition 

arrangement between the EU and US that also included 

telecommunications and electrical equipment (5). But the part 

on pharmaceuticals, which was limited in scope anyway, was 

never completely implemented. Among the main issues on 

both sides was to what extent the confidentiality of commercial 

information should be protected and above all, from the point of 

view of the US Food and Drug Administration (FDA), was the 

recognition of the competence of all national regulatory 

authorities in the EU. This became a critical matter after 10 

new member states, most of them former communist Eastern 

European countries led by Poland, Hungary, Czech Republic, and 

Slovakia, joined the Union in 2004.

EU–US Mutual Recognition 
Agreement on GMP Inspections
Both the European Union and United States are still ironing out issues such as confidentiality of information 

and recognition of competence of each party’s regulatory authorities in their agreement on GMP inspections.

Sean Milmo

is a freelance writer based in Essex, 

UK, seanmilmo@btconnect.com.
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The momentum toward an updated MRA started to 

gather pace from 2014 when FDA began to send its 

inspection teams to observe EMA’s regular audits of the 

efficiency of the GMP inspections of EU national regulatory 

agencies. In the period between 2014 to 2016, FDA has 

observed 12 of these audits of which five were of Eastern 

European agencies. A further 12, with FDA acting as 

observers, have been scheduled to take place this year.

Under the EU–US MRA agreement, both parties are given time 

to complete final assessments of the competence of the other 

party’s regulatory authorities with regard to GMP inspections. 

For EMA, it just has to evaluate FDA’s efficiency in this area. But 

FDA has to assess the regulatory authorities in 28 countries.

Over the past seven years, EMA and FDA have been 

collaborating in GMP inspection activities to help forge trust. 

In addition to FDA observing EMA’s audit of national agencies, 

there have been a joint GMP inspection pilot programme, work 

sharing on inspections, and regular meetings on inspection 

plans and outcomes. The text of the agreement states that by 

November 2017, FDA must have assessed authorities in eight 

EU countries to trigger the start of the implementation of the 

MRA (3). FDA’s assessment of the other 20 national authorities 

must be completed by 15 July 2019 (3). The EU has made 

clear that the MRA covers all EU member states so that if FDA 

has not completed its assessment of all of the EU’s national 

agencies by the 2019 deadline, the deal will be terminated (3).

The EU is also taking a relatively tough line on the issue of 

the confidentiality of data generated by GMP inspections, such 

as proprietary information on manufacturing processes and 

other commercial secrets. “The foundation of this MRA is the 

ability to share information,” explained EMA’s spokesperson. 

“EMA and a majority of the EU countries can provide FDA with 

unredacted inspection reports as part of existing confidentiality 

arrangements. By contrast, currently, FDA is only able to 

exchange confidential information that is not classified as trade 

secrets in the US with EU authorities. FDA, therefore, redacts 

confidential information classified as trade secret information 

from inspection reports that it gives to the EU.”

EMA argues that the 2012 Food and Drug Administration Safety 

and Innovation Act (FDASIA) (6) allows FDA to share trade secrets 

with other regulators. “In the context of the MRA discussions, 

FDA has assessed and certified that all EU member states have 

the authority and can demonstrate the ability to protect trade 

secret information,” said the spokesperson. “This is an important 

step towards signing confidentiality arrangements with all EU 

member states in the future, which would enable FDA to share 

unredacted inspection reports with the EU member states.”

Collaborative schemes

The EU is currently negotiating approximately a dozen free-trade 

agreements (FTAs), the majority with countries in the Asia Pacific 

region. But with the exception of a proposed FTA with Japan, none 

currently include talks on MRAs on GMP inspections. One FTA 

under discussion is with New Zealand with which the EU already 

has a fully operational MRA on GMP inspections. EMA sees MRAs 

as being types of formalized mutual reliance that require a lengthy 

assessment of the each of the partners GMP inspection systems. 

“In the long-term, more MRAs with trusted international partners 

should be pursued as far as possible,” said the EMA spokesperson. 

In the meantime, other kinds of cooperation can be encouraged. 

Data from GMP inspections can be shared by agencies so that 

certain sites can be categorized as being low risk, and therefore, 

allow inspection resources to be reallocated to other sites more 

at risk, according to the agency. These collaborative schemes can 

provide the groundwork for the eventual achievement of MRAs. 

But the reaching of these mutual agreements will take a long time.
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The process, equipment, and technology for 

developing and manufacturing oral solid-dosage 

forms are well defined. Nonetheless, designing 

a drug product formulation that achieves the 

desired properties of the target profile both in 

magnitude and robustness is a multi-dimensional, 

and generally, constrained optimization problem, 

observes Aaron Goodwin, principal investigator, 

Research and Development, Capsugel. The ultimate 

goal in formulation development is to deliver the 

drug to the right place, at the right time, in the right 

concentration so that a beneficial therapeutic effect 

is achieved, John McDermott, executive director, 

Drug Product Optimization, Quotient, explains. 

“Historically, the focus of formulation optimization 

has been placed upon the manufacturing process 

because molecules and drug-delivery requirements 

were arguably more straightforward,” says 

McDermott. He points out that most new chemical 

entities (NCEs) entering the development pipeline, 

however, often have complex physicochemical 

properties that require enabled formulation 

technologies to overcome solubility and/or 

permeability challenges, or a modified-release 

technology to achieve a suitable treatment regime 

or protect patients from adverse events associated 

with peak plasma concentrations. “In all of these 

cases, optimization of the formulation composition 

is essential to ensure successful and consistent drug 

delivery without compromising other criteria, such as 

dosage form size, or wasting valuable drug,” he says. 

It is, therefore, imperative that key formulation 

and process parameters be identified and selected 

based on a quantitative and phase-appropriate risk 

assessment with regard to the clinical dosage form 

having suitable properties, Goodwin stresses. “This 

approach is crucial to ensuring a high probability of 

achieving the target pharmacokinetic (PK) profile and 

thus the desired efficacy and patient safety, as well 

as manufacturability and cost,” he says. 

For every drug product, the parameters that 

have to be optimized are different, notes Ravinder 

Kodipyaka, senior director and head, Formulation 

R&D, Custom Pharmaceutical Services, Dr. Reddy’s 

Laboratories. “For example, for a simple immediate-

release tablet that is wet granulated, key optimization 

parameters for formulation would be granulation 

end-point, blend particle size distribution, granulating 

media volume, blend moisture content, and granule 

size distribution. Key process parameters for 

optimization would be the mixing time, granulation 

time, and drying parameters, among others,” he 

says. “On the other hand, for a modified-release 

pellet coated with a polymer, the key optimization 

parameters for the formulation would be the film 

forming temperature, uniformity, and integrity of 

the film and its impact on drug dissolution and drug 

release. Key process parameters for optimization 

would be spray atomization, product temperature, 

and humidity control.” 

Although each drug product’s key parameters 

are unique to the individual drug molecule and 

delivery challenge, there are several key metrics 

that are ubiquitous throughout oral solid-dosage 

form development, Goodwin points out—for 

example, the PK (typically determined by the drug 

absorption, distribution, metabolism, and elimination 

[ADME] properties and drug release from the 

dosage form), drug substance and product stability, 

patient compliance, as well as manufacturability, 

Adeline Siew, PhD
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Designing 
Optimized 

Formulations
Design of experiment plays a crucial role in the 

optimization process of formulation development.





Formulation Optimization

processing throughput, and cost. 

“By establishing the relationships 

between formulation and process 

factors and the identified key 

parameters within these categories, 

formulators are able to not only study 

and address potential risks to key 

parameters, but also understand 

tradeoffs between them for a given 

formulation change,” he says. 

According to Goodwin, a typical 

optimization process for an oral 

solid-dosage formulation involves 

establishing multivariate relationships 

between formulation and process 

inputs (or factors) and output 

product properties (or responses) in 

a quantifiable manner. “Basically, you 

need to identify critical parameters, 

establish workable ranges, conduct 

experiments as per study design, and 

understand factor-response effects,” 

adds Kodipyaka. 

“Generally, the optimization 

process is initiated during the proof-

of-concept stage and continues up to 

commercialization,” says Goodwin. 

An empirical approach to optimization 

is common, observes Kodipyaka, but 

there is a rapid shift towards the use 

of mathematical models and software 

that can provide insights into product 

variables (dependent or independent), 

including the identification of 

constraints/limits and the design of 

experimental space. 

Design of experiments
Industry experts agree that 

design of experiments (DoE) is an 

essential element in drug product 

development. “DoE is an effective 

method of evaluating product 

parameters and identifying critical 

parameters that need consideration 

Key parameters to be optimized in the development and manufacturing of oral solid-dosage forms

Oral solid-dosage forms (typically, tablets and capsules) are manufactured 

using conventional manufacturing processes such as direct blending or gran-

ulation techniques—wet granulation, dry granulation/roller compaction, 

or fluid bed granulation followed by fluid bed drying, milling, compression, 

and coating. It is important to understand the critical processing parameters 

(CPPs) that impact critical quality attributes (CQA). The CQAs that impact the 

final outcome (i.e., the therapeutic efficacy of the drug product) usually are 

parameters such as in-vitro dissolution and drug product stability. In-vitro 

dissolution of the drug can influence the rate and extent of drug absorp-

tion. Drug substance properties such as particle size, morphology, dosage 

strength, and drug loading have a big impact on the blending process and 

can influence the homogeneity of the drug substance in the blend. Blend-

ing is a critical process that needs to be optimized and is considered a CPP 

that can impact the potency of the finished product. Similarly, each of the 

granulation techniques has a processing step that could cause variability 

and has the potential of impacting the CQAs. Key parameters that need to be 

optimized (see Table I online) will depend on the API properties, its stability, 

dose, drug loading, and other factors.

A typical process optimization methodology includes a systematic identi-

fication of CQAs, CPPs, and a risk assessment to identify the critical selection 

of key parameters. A plan can then be drawn up, using a statistical design 

of experiments (DOE), which can be a full- or partial-factorial design, based 

on the availability of API and the number of runs that can be manufactured. 

The DOE experiments involve running parameters at high, medium, and 

low values, as well as running a defined number of control runs at target 

parameters. By analyzing the data from the DOE runs, a design space can be 

identified. Knowledge of the design space enables a control strategy to be 

defined for the manufacture of the product.

A similar approach is taken for formulation optimization, in which critical 

functional formulation excipients are evaluated with high, medium, and low 

levels, and the impact of these variables is studied on output parameters of 

that functionality (e.g., disintegrant levels studies can be done with the rate 

of disintegration of tablets as the output).

A systematic DOE to optimize the formulation composition in an oral solid-

dosage form is important for two main purposes:

t� To ensure the optimum level of a functional excipient in the formulation. 

In an immediate-release tablet formulation, excipient levels of 

binder, disintegrant, and lubricant can be varied and the functionality 

challenged. A partial or full factorial DOE can evaluate multiple excipients 

at different levels of the excipient. For an extended-release tablet 

formulation based on a hydrophilic gel matrix, polymer levels will affect 

the release rate of the drug from the tablet. Hence, the level of polymer 

is selected based on the specifications or the target release profile.

t� To optimize the drug load in a formulation to reduce the pill burden, 

especially for a large dose drug product. Many oral solid-dose products 

need to be formulated in doses above 100 mg per unit tablet or capsule. 

There are quite a few new chemical entities that need a much higher dose 

up to a 500 or 750 mg per unit dose. Fixed-dose combination therapies 

are becoming more popular, due to synergistic therapeutic effects and 

as a lifecycle management strategy. The number of actives and the 

dose per unit tablet are increasing. Thus, there is a need to formulate 

such products in a way that the tablet size is reasonable to swallow, 

especially for geriatric patients. It is important, therefore, to optimize the 

formulation so that the drug load in a tablet is as high as possible, which 

also means that there is little room for inert excipients. Selecting the right 

functional excipient in the right quantity thus becomes more crucial. 

Products with multiple doses use a “dose weight proportional” strategy᜴

using the same formulation composition (drug to excipient ratio) and com-

pressing the larger dose into a larger tablet size. This strategy has the benefit 

of avoiding a separate stability study as the drug to excipient ratio is the 

same; however, the disadvantage is that the higher dose becomes a large 

tablet, which may present “patient compliance” issues because of difficulty 

in swallowing. The limited time available for developing clinical trial formu-

lations often makes optimization of drug load and tablet size a low priority. 

During this stage, however, it is important that the choice of excipients, 

level of excipients, the drug load, and reduction of pill size and burden are 

optimized. Polypharmacy is a huge problem, and patients would benefit 

greatly if better drug products that are easier to swallow can be developed. 

Optimizing the formulation at the right stage in the development pro-

gramme by increasing the drug load per unit tablet or capsule, thereby, re-

ducing the pill burden, would be beneficial. 

—Anil Kane, executive director, Global Head of Formulation Sciences, 

Pharmaceutical Development Services, Patheon
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during product optimization,” says 

Kodipyaka. “Unlike the conventional 

method of evaluating one variable/

parameter at a time, which can 

sometimes provide incomplete 

information when other parameters 

exist, DoE allows for simultaneous 

evaluation of various parameters, 

as well as their interactions 

and influence on target product 

parameters (TPP),” he adds. “By 

using DoE, there is an increased 

probability of product success 

because of large datasets that 

are generated systematically and 

evaluated statistically.” 

According to Kodipyaka, 

inputs from the early stages of 

development, such as the selection 

of excipients, manufacturing 

technology, and packaging, among 

others, inevitably have a significant 

impact on the optimization activities 

that have to be performed as the 

product progresses through further 

stages of development. “You need to 

have a good understanding of R&D 

and product scale operations, the 

impact of upscaling and downscaling, 

and factors that influence product 

robustness,” he stresses. Kodipyaka 

believes that a combination of an 

empirical approach (experience-

based) and software/artificial 

intelligence is the best way to 

optimize drug products. 

Among the benefits to drug 

product formulation optimization 

are improved patient safety and 

compliance, reduced unit cost, and 

reduced probability of a failed batch, 

notes Goodwin. However, there are 

downsides, he says. “Optimization 

studies can be costly and increase 

time to market. Moreover, 

optimization can be somewhat 

recursive if done in a univariate 

manner without regard for tradeoffs 

between key parameters.”

Reducing optimization costs
There are many strategies to reduce 

the time and cost associated with 

optimization, observes Goodwin. 

“Capsugel, for example, uses two 

strategies when optimizing oral 

solid-dosage forms containing 

amorphous spray dried dispersions 

(SDDs),” he says. “The first approach 

is the integration of drug product and 

drug intermediate, while the second 

is the application of modelling and 

simulation.”

The first strategy, according to 

Goodwin, is difficult to apply if the 

drug is in the crystalline form, but 

works well when the amorphous 

form is used. “This is because many 

of the crystalline drug attributes that 

are set by its crystal structure and 

habit cannot be ‘tuned’ or modulated 

significantly by the crystallization 

process. For this reason, the drug 

substance and drug product are 

traditionally developed and optimized 

independently,” he explains. 

On the other hand, producing an 

amorphous drug form by spray drying 

can substantially change the drug 

attributes. The development and 

optimization of the drug substance 

and drug product can, therefore, be 

efficiently integrated, Goodwin points 

out. In doing so, it is often possible 

to significantly reduce the risk for 

multiple drug product and drug 

intermediate key parameters more 

so than conducting two independent 

optimization studies, he says, and this 

can save experimental and testing 

time and the cost of an additional 

optimization study.

The second strategy uses 

modelling and simulation, and is 

employed twofold, according to 

Goodwin. “First, the approach is 

leveraged to think fundamentally 

about process and formulation, 

and generate hypotheses 

and constraints about a given 

optimization problem statement. 

This type of thinking allows 

hypothetical correlations between 

inputs and outputs to guide efficient 

experimental design. Outputs allow 

these models to be refined as a 

fundamental knowledge base is 

built,” he says. Goodwin explains 

that this strategy saves time, cost, 

and drug substance because it not 

only reduces the total amount of 

experiments, but also maximizes 

the information from each. Second, 

the science of scale is taken into 

account. “The use of scale up and 

down predictive models enable a 

higher degree of confidence when 

scaling processes,” Goodwin says. 

“It also allows the formulator to be 

proactive about how a formulation 

will scale, even at the prototype 

stages.” 

Quotient has also developed a 

platform to enable formulations 

to be designed, manufactured, 

and clinically evaluated rapidly. 

Traditionally, formulation 

development studies involve 

expensive and time-consuming 

screening of multiple prototypes 

in preclinical species to identify a 

limited number of pseudo-optimized 

systems for human clinical PK 

studies, notes McDermott. The 

success of this approach, however, 

is contingent on the preclinical 

model being predictive of the human 

response, and one of the selected 

formulations achieving acceptable 

performance in man. 

“There is a lack of predictability 

between animal bioavailability 

and human bioavailability owing 

to substantial inter-species 

physiological differences affecting 

dissolution, absorption, and 

metabolism of the drug molecule,” 

says McDermott. “A frequent 

outcome from the traditional 

approach is the need to conduct a 

further cycle of in-vitro and in-vivo 

studies, resulting in additional 

delays and cost to the development 

programme.”

According to McDermott, 

Quotient’s approach has been 

built on two premises—firstly, the 

desire to make decisions based on 

human PK data rather than non-

representative preclinical models; 

and secondly, the need to expedite 

the critical path for chemistry, 

manufacturing, and control (CMC) 

activities for prototype screening 

in humans by removing non-value 

added tasks and activities. “By using 

this approach, a drug product can be 

manufactured within seven days of 

dosing, removing stability package 

generation from the critical path 

to obtain clinical data on product 

performance,” he says. “Integrated 

GMP manufacturing with clinical 

testing allows clinical data from one 

study period to be used to select 

the product to be manufactured 

for evaluation in the next period.” 

Quotient’s rapid formulation 

development and clinical testing 

(RapidFACT) approach enables 

companies to select and optimize 

formulation technology in human 

subjects quickly, and according to 
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McDermott, increases the accuracy 

of the optimization process. 

“The product development 

approach taken by Dr. Reddy’s 

consists of three phases—product 

design; design testing and 

optimization; and production,” 

Kodipyaka highlights. Formulation 

optimization is done during the 

product design phase as the 

company believes this approach 

helps to bridge the gap between 

R&D and commercial production of 

the final drug product. Kodipyaka 

explains that all activities—from 

characterizing the input materials 

to defining the target features of 

the final product—will be divided 

into a unit stage and assessed 

both in-part and holistically, to 

identify important parameters. 

“A tentative control strategy is 

designed for each parameter, 

and then it is assessed whether 

that parameter is major, minor, or 

critical. Accordingly, an optimization 

plan is devised for the product 

composition and the manufacturing 

process,” says Kodipyaka. “By 

using this approach, we are able 

to see a virtual product on paper. 

Unlike trial-and-error methods, a 

systematic product design approach 

that uses simulations, software, and 

algorithms can reduce conventional 

experimentation methodology, 

hence bringing substantial time and 

cost benefits when optimizing a 

formulation.” PTE

Developing cannabis-based therapeutics

David Fulper, PhD, director of technology support at Catalent, shares in-

sights on the challenges and opportunities for cannabis-based therapeutics.

PTE: Why is there an interest in cannabis-based therapeutics?

Fulper (Catalent): The discovery of endogenous cannabinoid receptors 

has led to studies to investigate the potential effects of cannabinoids in 

the treatment of diseases such as cancer, diabetes, and neuromuscular 

disorders. There are potential benefits in pain relief, for use as a muscle 

relaxant, and for nausea and loss of appetite. With further research and 

studies, it is possible cannabis could help in the treatment of cancer, HIV, 

arthritis, multiple sclerosis, and other medical conditions. Movements by 

individual US states to legalize the medical use of cannabis also have cre-

ated a medicinal market and significant interest.

PTE: Could you tell us more about the physicochemical properties of 

cannabis and the challenges in formulation development?

Fulper (Catalent): Cannabinoids are typically highly lipophilic com-

pounds with poor solubility. Tetrahydrocannabinol (THC) exists as a vis-

cous, oily resin that is oxygen-sensitive and requires special handling and 

formulation considerations to provide adequate stability. Other cannabi-

noids can exist in a crystalline state, but are often administered with THC 

or cannabis entourage materials that, again, result in an oily liquid. As a 

plant extract, there is also the challenge of standardization of cannabis 

content to assure consistent dosing. Lastly, cannabis’ status as a Drug En-

forcement Agency (DEA) Schedule I drug greatly complicates working with 

these compounds, making it much more difficult to perform formulation 

studies compared to other compounds.

PTE: In the European Union, there are cannabinoids currently available 

as pharmaceutical formulations. Are there any limitations with these mar-

keted formulations? Do you see a need for an improved dosage form?

Fulper (Catalent): Oral THC formulations generally suffer from poor 

or variable bioavailability due to first-pass metabolism. Disease state can 

also play a role in the type of delivery profile desired. Some of these issues 

can be addressed by route of delivery. GW Pharmaceuticals’ Sativex oro-

mucosal spray attempts to avoid first-pass metabolism through absorp-

tion via the lining of the mouth. Teva has signed a marketing agreement 

with Syqe Medical to distribute Syqe’s high-tech vaporizing inhaler (Syqe 

Inhaler), which, similar to vaping, avoids first-pass metabolism and has 

a fast onset of action. There is also interest in topical and suppository 

formulations. However, there will always be a desire and need for oral 

cannabis, and lipid-based formulations are considered as a top choice due 

to the lipophilic nature of cannabinoids. Additional work is still needed to 

further improve the oral performance. 

PTE: What is a suitable drug-delivery approach for cannabis-based 

therapeutics? What would you consider an effective formulation to deliver 

cannabis molecules?

Fulper (Catalent): Formulation development can be complicated, as 

cannabis-based therapeutics could include a single entity API, a combina-

tion of APIs, an API in combination with entourage materials, or as the 

plant extract. Disease states also could include situations where it would 

be desirable to allow the patient the ability to titrate their dose. Cannabis 

has a history of being delivered by smoking, and while this route of admin-

istration can effectively deliver cannabis, it also brings with it a number of 

undesired consequences, including concerns that this delivery route may 

be carcinogenic and that it may damage the lung’s epithelia over time; a 

regulator will, therefore, want to ensure that these concerns have been 

adequately addressed in any cannabis formulation. As a result, there is a 

strong desire to develop oral dosage forms to avoid the negative effects of 

smoking or vaporization. For any given API scenario, there will be various 

delivery approaches that will make more sense than others based on the 

disease being treated, patient needs, absorption, distribution, metabo-

lism, and excretion (ADME) characteristics, and regulatory acceptance.

PTE: There is evidence that fats and lipid excipients can increase sys-

temic exposure to orally administered cannabis—can you discuss exploit-

ing this pathway in formulation development?

Fulper (Catalent): Natural cannabinoids tend to fall into the Devel-

opability Classification System (DCS) IIb category where lipid formula-

tions are known to improve absorption. Good absorption, however, does 

not always translate into sufficient systemic exposure. Gershkovich 

et al. showed that a formulation that promoted lymphatic absorption 

significantly increased the bioavailability of the synthetic cannabi-

noid PRS-211,220 from 13% to 35%, compared with dexanabinol using 

long-chain triglyceride formulations (1). THC is highly metabolized 

by the liver and could benefit from formulations that promote lym-

phatic absorption and, by doing so, avoid first pass metabolism. More 

work is needed to be able to screen compounds for lymphatic absorp-

tion and to optimize formulation systems for lymphatic absorption.  

Reference

1. Gershkovich et al., Eur. J. Pharm. Sci. 31 (5) 298 – 301 (2007).
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Continuous API manufacturing has the 

potential to provide tremendous benefits to 

the pharmaceutical industry—smaller plant and 

environmental footprints, reduced costs, and improved 

processes with more consistent quality. Extensive 

process and product knowledge and the ability to 

control process conditions in real time are necessary 

for achieving these goals. Effective process analytical 

technology (PAT) for online monitoring during research, 

development, and commercial manufacturing is 

therefore essential. While notable advances have 

been made, there are numerous challenges yet to be 

overcome. Manufacturers, instrument suppliers, and 

data analysis and process control system vendors are 

working collaboratively to design effective solutions.

Many choices
PAT can be used for many different objectives, 

including reaction/process characterization, process 

development, and long-term, robust installations. 

At Eli Lilly, PAT implementation is used to pursue all 

three, according to Todd Maloney, principal research 

scientist. During process development, adds Nuno 

Matos, head of continuous manufacturing within R&D 

with Hovione, the main driving force for using PAT is 

to enhance knowledge gathering. Therefore, more 

versatile, complex technologies with high dynamic 

ranges are used.

Spectroscopic methods are most widely used 

because they are non-invasive and non-destructive. 

Chromatographic separation combined with various 

detection techniques is increasingly used due to 

the additional specificity, higher sensitivity, and 

resolution it offers and with the advent of faster 

technologies such as ultra-performance liquid 

chromatography (UPLC) or ultra-high pressure LC 

(UHPLC), according to Ernie Hillier, principal systems 

manager, Waters Corporation.

Early efforts typically emphasize elucidation of 

the chemical mechanism along with gaining kinetic 

information relevant to the reaction. Eli Lilly heavily 

leverages flow–nuclear magnetic resonance (NMR) 

along with other in-situ spectroscopic measurements 

including Fourier transform infrared spectroscopy (FTIR) 

and Raman spectroscopy. “These data-rich experiments 

drive process development by providing critical 

information at an early stage and also serve as inputs 

to reaction modelling efforts,” says Gordon Lambertus, 

senior research scientist with Eli Lilly. At Hovione, the 

most widely use technologies also include mid-IR 

and Raman spectroscopy, in particular for reaction 

and crystallization monitoring, according to Matos. 

Chemometrics are applied to collected spectra to 

maximize the information that can be extracted. 

As chemical mechanisms become understood, more 

emphasis is placed on process development, with 

efforts focused on monitoring reaction conversion and 

tracking process-related impurities to optimize reactor 

platforms and reaction conditions. “Process monitoring 

attributes of interest at this stage are typically focused 

on supporting the overarching control strategy for 

the process, commonly including removal of many 

low level process impurities,” Maloney observes. He 

adds that online chromatography is the single most 

important platform technology used to support process 

development because no other analytical tool offers 

the specificity and sensitivity required for analysis of 

these low-level species. Eli Lilly largely employs online 

high performance liquid chromatography–ultraviolet  

(HPLC–UV) detection, but also uses HPLC–mass 

spectrometry (MS), gas chromatography–thermal 

conductivity detection (GC–TCD), and GC–flame 

ionization detection (GC–FID) when appropriate. 

Spectroscopic tools such as FTIR, Raman, 

near infrared (NIR), UV, refractive index (RI), and 

fluorescence are strategically implemented for 

specific applications, as are simple sensors that 

cover additional analytical space and often offer 

more robustness over the course of a long-term 

installation, according to Lambertus. These sensors 

include some spectroscopic measurements (UV, 

RI, fluorescence), monitoring of specific chemical 

entities (e.g., pH, dissolved oxygen), and physical 

property measurements (e.g., turbidity, viscosity, 

conductivity). “A key point is that there is no single 

solution, so we have built quite an extensive 

toolbox that includes a wide range of analytical 

technologies,” asserts Lambertus.

Advances in process analytical technology  

have been achieved, but significant challenges remain.

PAT for Continuous API 
Manufacturing Progresses

Cynthia A. Challener is 

a contributing editor to 

Pharmaceutical Technology 

Europe.
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Valuable information
Process dynamics in continuous 

manufacturing should be well 

understood, namely how process 

parameter variability will affect the 

quality attributes of interest or how 

predetermined changes in process 

parameters and material attributes 

will influence the outcome of the 

continuous step, according to Matos. 

“Capturing this information requires 

analytical technologies that can 

output in real-time the data of interest 

(either directly or via prediction). As 

a result, experiments for determining 

residence time distribution, building 

kinetic models, or executing design of 

experiment approaches will be data- 

and information-richer,” he explains.

The more data that can be collected 

from a single experiment, the more 

efficient the process development 

model becomes, agrees Lambertus. 

The two most widely used PAT tools 

in his department are flow-NMR and 

online HPLC because of the amount of 

information they provide. 

“Flow–NMR provides information 

relevant to understanding chemical 

reaction mechanisms through 

elucidation of transient species or 

monitoring reactive intermediate 

species, readily generating kinetic 

information and providing valuable 

inputs to chemical reaction models 

that help in optimization,” Lambertus 

notes. It also allows for access to 

reactions that could not be run in 

static NMR tubes (e.g., heterogeneous 

reactions, high pressure reactions). 

Online HPLC is used in R&D and 

manufacturing at Eli Lilly to support 

various control strategy elements. 

Online measurements are required 

because there are few isolated 

intermediates in most continuous 

synthetic routes that offer traditional 

control points where measurements 

can be made, according to 

Lambertus. He adds that HPLC is the 

preferred measurement technique 

because many of the control 

elements of a process are related 

to species present in the solution 

matrix at low levels. “No other 

analytical technique is capable of 

detecting and quantifying at the low 

levels necessary to show that the 

process is performing as expected 

with respect to those impurities (e.g., 

residual starting material, genotoxic 

impurities, identified impurities 

with poor rejection efficiency),” 

Lambertus says.

Technology gaps remain
“During the past decade, the PAT user 

community has been seeing important 

technological developments; 

equipment manufacturers are not only 

improving established technologies 

but also adapting complex 

technologies for real-time monitoring,” 

Matos asserts. There are still unmet 

analytical needs in the continuous API 

manufacturing space, however. 

Matos notes that NMR spectroscopy 

is a good example of an analytical 

technology that is seeing important 

developments for going from 

bench to process applications, with 

manufacturers racing to make these 

units smaller while not losing too 

much resolution. Online UHPLC is a 

reality, but even runs of a few minutes 

can hinder real-time monitoring, and 

interfacing with process equipment 

requires complex automated sampling 

devices, so this technology is currently 

more often used in an at-line fashion.

The separations piece is still 

needed, though, according to Hillier, 

and UPLC provides the high sensitivity 

and resolution required to gain greater 

process knowledge. Introducing new 

technologies is always challenging, 

he adds. “It is difficult to generate 

interest when there are existing 

technologies that are well understood, 

respected, and do an adequate job. 

From time to time, we’ve had to 

contend with perceptions that liquid 

chromatography is a slow process that 

requires extensive technical skill to 

perform,” Hillier comments. 

For Eli Lilly, online metals analysis 

remains a significant need. “Integrated 

continuous processes, by nature, 

eliminate many of the intermediate 

isolation points of traditional 

pharmaceutical manufacturing 

processes. Without these isolation 

points, inorganic species (salts and 

metals) can potentially be carried 

through many subsequent unit 

operations. Continuous extractive 

workups are incorporated as 

rejection points for these types of 

materials, and currently we use 

at-line instrumentation based on 

x-ray fluorescence (XRF) technology 

to do analysis of metals around these 

workup unit operations. There is a 

strong desire to have instrumentation 

for online, quantitative metals analysis 

available to support continuous 

process development,” Lambertus 

explains. He would also like to see 

more traditional oxygen and pH 

sensors that have the chemical 

compatibility and robustness required 

for use in aqueous/organic mixtures or 

neat organic solvents. 

Nanoparticles—with a median 

particle size typically in the range of 

100–600 nm—also present online 

analytical challenges, according 

to Matos. “Applications involving 

nanoparticles are growing in number 

and the manufacturing technology 

is often continuous in nature (e.g., 

co-precipitation, wet-milling, 

etc.). While there are established 

technologies for determining 

concentration in solution of the 

compound of interest, the real-

time measurement of particle-size 

distribution for the nano range is still 

not trivial,” he states.

Application challenges
The biggest challenge is interfacing 

PAT to a process, regardless of 

whether it is batch or continuous. 

“For the latter, the challenges are 

of different type, in particular when 

dealing with small setups; in-line 

probes may disrupt the process 

by creating a constraint and/

or an opportunity for deposition/

precipitation, flow-cell dead volumes 

may promote back-mixing, etc.,” 

Matos observes. He notes that 

the opportunity to use higher 

concentrations (in some cases even 

running solvent-free reactions) forces 

the development of strategies to cope 

with high analyte signals such as 

automatic dilution strategies or signal 

attenuation via special probe or flow-

cells configurations. 

Automated sampling systems that 

are capable of sampling, diluting, and 

delivering a representative sample are 

essential for sensitive PAT techniques 

such as online HPLC, HPLC-MS, or 

online GC, agrees Maloney. Due to 

the variety of different processes that 

require  sampling, a combination of 

different sampling techniques are often 

utilized. For example, suspended solids 

or precipitates in a process may lead 

to plugging of small-diameter tubing 
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associated with automated sampling 

devices. Sampling of supersaturated 

solutions can be challenging and 

often requires quenching or dilution 

at process temperatures to prevent 

solids fouling. For optical technologies 

such as FTIR, Raman, or focused beam 

reflectance measurement (FBRM), 

location and orientation of the optical 

probe and bench relative to the 

process can be difficult. 

Part of the challenge is also 

determining what tools are needed 

when. “In order to achieve the 

optimum process performance, a 

‘kitchen-sink’ approach is generally 

used, with as many tools as 

possible used to investigate every 

conceivable thing that might happen 

in a reaction,” says Hillier. The other 

piece is coordination, collection, and 

dissemination of the disparate data 

so that it can be analyzed and applied 

for process control. It is important to 

assure that the sampling frequency 

will be able to capture the expected 

process dynamics and thus process 

knowledge, and allow proper and 

timely feedback control, Matos agrees.

Translating PAT data into 

meaningful information that enables 

process decisions is another 

significant challenge. Simple sensors 

that provide two-dimensional data 

(pressure, temperature, flow rate) 

can easily be incorporated into a 

distributed control system (DCS), 

according to Bradley Campbell, a 

research scientist with Eli Lilly. Multi-

dimensional data (HPLC, HPLC-MS, 

FTIR, Raman, etc.) are much more 

challenging to integrate into a DCS.

“Many analytical technologies 

that were designed to be bench-top 

instruments are being adapted for 

online applications in support of 

continuous process monitoring. While 

the analytical instrument hardware 

was designed with flexibility in mind, 

the same is not always true for the 

software. Analytical instrument control, 

data processing, and reporting software 

were not designed to communicate 

with and export data in a format that 

can be consumed by a DCS,” Campbell 

says. There are currently several 

vendors looking into this issue and 

providing solutions for testing, but there 

is still not a single platform to integrate 

all data types into a single data package 

to use on the manufacturing floor.

Continuous efforts
All of the pharmaceutical industry is 

working on continuous processing. 

Waters, according to Hillier, is 

collaborating closely with not only 

its pharma customers, but providers 

of other sampling and software 

and control systems to develop 

comprehensive PAT solutions. “Much 

of our time is spent working with other 

companies. We are taking an agnostic 

approach because our customers 

often have individual preferences for 

which sampling devices, data analysis 

software, and control systems they 

select, and our chromatography 

solutions need to work with them all,” 

he states.

It is worth noting, according to 

Matos, that manufacturers of PAT 

instrumentation are diligently working 

to improve both the technology and 

the sampling interface, in some cases 

via successful partnerships with 

continuous processing equipment 

manufacturers. “PAT is not optional 

for continuous processing. It is 

necessary for gathering information 

and establishing an effective 

control strategy for commercial 

manufacturing. The increasing interest 

in continuous processing is creating 

a favourable environment for PAT 

equipment manufacturers to push 

technological advancements in three 

directions: improving the spec sheets 

to increase the analytical power of 

existing and established technologies, 

adjusting bench equipment for real-

time measurements, and achieving 

further simplification to drive costs 

down,” Matos asserts.

Eli Lilly has focused its efforts on 

engineering better ways to develop 

robust process interfaces for 

integrating analytical instruments 

to continuous processes and 

investigating ways to link complex 

analytical data to DCS systems for 

the purpose of trending, process 

monitoring, and control. “In a 

regulated environment where 

ideally the technology designed 

in development can be readily 

transferred to a cGMP manufacturing 

facility, care must be taken to ensure 

that computer systems, PAT, and 

sample delivery systems are designed 

to operate in a fully validated state,” 

Campbell notes. Communication 

between these systems is also 

essential to enable real-time decision 

making when more than one data 

source is providing information on the 

state of control. 

A matter of control
As challenges in process engineering 

and analytical technologies are 

overcome, it is vital that PAT data 

are available to the DCS, process 

historian, and process control 

models to enable the development 

of an integrated process control 

strategy. PAT data must be visualized 

within process control charts with 

the appropriate automation in place 

to minimize operator intervention 

and enable real-time decision 

making when appropriate, according 

to Campbell.

In addition to the development of 

control strategies based on PAT, the 

data-rich environment of continuous 

processes with online monitoring 

should eventually allow for real-time 

release testing (RTRT), according to 

Matos. “Using physical, chemical, or 

mathematical analyses, companies 

will benefit from RTRT from increased 

assurance of quality (decisions 

based on more data) and improved 

manufacturing efficiency (reduced 

cycle-times, inventory, etc.),” he says. 

The CDMO perspective
While the science, technology, 

and regulatory landscape for PAT 

use are the same for contract 

development and manufacturing 

organizations (CDMOs) and 

drug manufacturers, the CDMO 

business model does imply other 

considerations. “When investigating 

the implementation of PAT, CDMOs 

must be assured of a return on their 

investment beforehand, and thus 

the technology should be versatile 

and not product- or application-

specific. The concept of modularity 

and the need for considering the 

operating costs are certainly part 

of the decision checklist so that 

CDMOs can maximize the use 

of these technologies,” Matos 

observes.  On the flip side, the 

exposure to different products in a 

high-paced environment creates the 

opportunity for intensive learning 

by CDMOs on the use of a given 

real-time analytical technology for 

certain applications. PTE
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The dry powder inhaler (DPI) is an increasingly popular delivery device, 

used to deliver a wide variety of drugs to the lung for either local or 

systemic action. With many originator DPI formulations reaching the end 

of their period of patent protection, the development of DPI products 

for the generic market is an area with much potential. Unlike other 

pharmaceutical delivery devices, the DPI device is as important as the 

powder blend it contains; it is simply not the case that a powder blend 

can be formulated that matches the originator, because its properties 

must be matched to the device that aerosolizes it (1, 2). A product will 

only achieve the desired fine particle fraction (FPF) if the two elements 

are considered together. This fact has particular relevance to the generic 

drug products market in cases where the patent covering the device that 

generates an aerosol expires at a different time to any patents covering 

the active principal or powder blend it contains.

Particle size reduction
A critical parameter for successful DPI delivery is particle size; powders 

need to be between 2–4 μm in diameter to reach the alveoli and 

deposit (3). For this reason, the active is usually milled (or micronized) 

prior to formulation such that it has the required particle size 

distribution. Milling, being a high-energy process, has the potential to 

fundamentally change the physical form of the sample in addition to 

reducing its particle size. Changing physical form (usually an amorphous 

state is produced) necessarily changes (and usually increases) the 

surface energy of a material and, therefore, impacts its cohesiveness 

and adhesiveness. There has been much research over the past 20 

years into the nature of the forces that influence how powder blends 

aerosolize, and it is now well established that forces of adhesion and 

cohesion are critical (3). The determination of the amorphous content 

of milled powders is, therefore, crucial; it is usually possible to show 

that amorphous content correlates directly to FPF. For this reason, any 

submission to the United States Food and Drug Administration for a DPI 

product usually requires an analytical method to quantitate amorphous 

content, as well as limits for batches of milled material that may be 

used in commercial batches.
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Of the myriad of techniques 

available to quantitate amorphous 

content, those based on calorimetry 

are particularly useful. The 

amorphous state is higher in energy 

than any crystalline counterpart 

and calorimetry measures energy 

directly. The two most popular 

calorimetric methods are solution 

(ampoule-breaking) and gas 

perfusion (4). The former uses heat 

of solution to indicate amorphous 

content and the latter uses heat of 

crystallization. These methods are 

excellent and are becoming widely 

used. However, interpretation of 

calorimetric data is tricky because 

heat is a ubiquitous property and 

if a calorimetric experiment is not 

constructed properly, the data are 

easily misinterpreted. 

This article suggests 10 questions 

that should be asked of any 

calorimetric method, along with the 

rationales behind them, so that any 

reader designing, undertaking, or 

reviewing experiments to quantitate 

amorphous contents by calorimetry 

can do so with critical thought. Before 

these questions are raised, it is worth 

briefly explaining the principles on 

which the two methods operate.

Gas perfusion calorimetry. In this 

method, a plasticizer (usually water or 

ethanol) is perfused over the sample 

in an inert carrier gas. The sample 

will adsorb and absorb the plasticizer, 

crystallize, and then expel any 

absorbed solvent. The calorimeter 

measures these heats as the sample 

is held at a constant temperature (4). 

Since all of these processes will 

occur with a change in heat, they will 

all contribute to the final measured 

heat change. It is essential that the 

method corrects for these values if 

the heat of crystallization is needed. 

Typical power-time data for a partially 

amorphous material are shown in 

Figure 1.

Solution (ampoule-breaking) 

calorimetry. In this method, the sample 

is contained within a sealed ampoule 

and a reservoir of solvent (up to 100 mL) 

is allowed to reach thermal equilibrium. 

The ampoule is then broken and the 

powdered sample is exposed to the 

solvent. Rapid dissolution should ensue, 

and the heat of solution is measured 

(5). The technique is particularly suited 

to amorphous content quantification 

Considerations when 
Quantifying Amorphous 

Contents in Milled Powders 
with Calorimetry

Interpretation of calorimetric data is tricky. The author suggests 10 questions that 

should be asked of any calorimetric method, along with the rationales behind them.
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because crystalline materials typically 

have an endothermic heat of solution 

while amorphous materials have an 

exothermic heat of solution. Typical 

power-time data for a partially 

amorphous material are shown in 

Figure 1.

One: Is the particle size of  

the sample the same each time 

and/or the same as the material 

used for the calibration curve? 

Particle size is most important where 

gas perfusion calorimetry is used. 

If the particle size of the sample is 

different from that of the material 

used to generate the calibration 

curve, or varies from batch to batch, 

then the proportion of the total 

heat change arising from adsorption 

will vary. This heat change must be 

corrected for, or an incorrect heat of 

crystallization will be measured (see 

question five). If solution calorimetry 

is used, changing particle size will 

change the rate of dissolution of the 

material, which will alter the shape 

of the power-time data but will not 

affect the total heat.

Two: Does the sample  

exhibit polymorphism? 

Different polymorphs will have 

different heats of solution or 

crystallization. Therefore, it does not 

matter which calorimetric method 

is used, the calibration curve must 

be generated with material of the 

same polymorphic form as that 

being tested. A good check, in the 

case of gas perfusion experiments, 

is to remove the sample after 

the experiment and to check the 

polymorphic form of the sample 

with X-ray diffraction, differential 

scanning calorimetry (DSC), or any 

other suitable method. Obviously, if 

a material is amorphous, it has no 

crystal structure, but most milled 

powders have only a small (<5% w/w)  

amorphous fraction, with the 

remainder being crystalline. The form 

to which it crystallizes, or the form 

that dissolves, is therefore critical.

Three: Is the material anomeric? 

Sugars are anomeric (i.e., they 

differ in conformation in their 

cyclic ring structure at either the 

C1, C2, or C5 carbon atoms). For 

instance, α lactose and β lactose are 

anomers of each other. The heat of 

crystallization or solution of each 

anomer is different, so as in the 

case of polymorphic materials, the 

calibration curve must be generated 

with material of the same anomeric 

form (or ratio) as that being tested. 

Ramos et al. (6) demonstrated the 

effect of the anomeric composition 

of lactose on amorphous calibration 

curves prepared by solution 

and gas perfusion calorimetry. 

Importantly, unlike polymorphism, 

the anomeric structure is retained 

in the amorphous form because it is 

an intra-molecular property, not an 

inter-molecular property. A further 

complication is that anomeric sugars 

will frequently mutarotate under 

conditions of high humidity, meaning 

they change anomeric ratio. Finally, 

α lactose forms a monohydrate while 

β lactose is anhydrous. All of these 

processes will occur with a change in 

heat, or will cause a change in heat of 

solution.

Four: What plasticizer  

or solvent is being used? 

The use of a plasticizer applies 

only to gas perfusion experiments. 

Many small organic molecules will 

plasticize pharmaceuticals. Water 

might even plasticize a poorly water-

soluble active sufficiently to cause 

recrystallization. However, the rate 

at which crystallization occurs, 

as well as the heats of adsorption 

and absorption, will vary with the 

plasticizer. Therefore, the plasticizer 

should (a) be optimized for the 

sample being studied and (b) be 

the sample for processed samples 

and those used to generate the 

calibration curve. 

The use of solvents applies only 

to solution calorimetry experiments. 

The heat of solution of a compound 

will vary depending on the solvent 

into which it is dissolving. One of the 

benefits of solution calorimetry is 

that if the compound being studied 

is poorly water-soluble, an organic 

solvent can be used instead. It is 

crucial, however, that the same 

Figure 1: Schematic representations of typical power-time data for 
responses of a partially amorphous sample to increased humidity 
(top) and to dissolution (bottom). In both cases, integration of the 
area under curve (AUC) gives the heat of the process.
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solvent is used for processed 

samples as well as those used to 

generate the calibration curve. It 

must also be remembered that 

many organic solvents are volatile, 

and may well evaporate from the 

calorimeter during the measurement. 

This process is endothermic and 

will, therefore, contribute to the 

measured heat signal.

Five: Is the method a comparison 

of wetting responses? 

This question applies only to gas 

perfusion experiments. The quickest 

way to assess a milled sample is 

to expose it to a plasticizer and 

measure the heat. However, as noted 

previously, the heat measured this 

way includes contributions from 

adsorption, absorption, and expulsion 

of the plasticizer. It has been argued 

that the heats of absorption and 

expulsion should be equal and 

opposite, and so cancel each other 

out. However, the heat of adsorption 

remains and the only way to correct 

for it is to dry the sample and then 

re-expose it to plasticizer. This 

approach not only provides the heat 

of adsorption, it also unequivocally 

demonstrates that the sample 

underwent an irreversible phase 

transition during the initial exposure 

to plasticizer (reaffirming the material 

was partially amorphous). 

Figure 2 shows the power-time 

data for amorphous and crystalline 

samples of salbutamol sulphate when 

exposed to two phases of elevated 

humidity (90%) (7). There are several 

important points to note: 

t� The response of the amorphous 

material to humidity is initially 

much larger than that of the 

crystalline material (which is why 

gas perfusion is so sensitive to 

small amorphous contents), but 

the data are complex and contain 

many phases—it is not easy in this 

case to determine which area to 

measure 

t� Upon exposure to humidity for a 

second time, the response of the 

amorphous material has reduced 

significantly—this observation 

indicates that an irreversible 

event occurred during the initial 

exposure to humidity, and it also 

suggests that the powder mass 

has fused during crystallization, 

reducing its surface area to 

less than that of the crystalline 

reference sample.

Six: Can the sample form  

a hydrate or solvate? 

If the sample can form a hydrate or 

solvate with the plasticizer, then the 

power signal may become complex 

in shape, especially where formation 

occurs over an extended time 

period. This makes determination 

of the heat of crystallization either 

difficult (because it is not easy to 

determine which section of data 

to integrate) or time-consuming 

(because conversion must progress 

to completion). 

Further complicating factors to 

consider in these cases include: 

t� Whether the sample could have 

formed a hydrate or solvate prior 

to or after milling 

t� Whether the samples used to 

make the calibration curve were 

hydrates or solvates 

t� If a hydrate or solvate is formed 

directly on crystallization of the 

amorphous fraction, the heats of 

absorption and expulsion of the 

plasticizer will not cancel out (less 

plasticizer is expelled). 

Ideally, a plasticizer would be 

selected with which the sample 

cannot form a hydrate or solvate. 

Returning to the example of 

salbutamol sulphate in the study by 

Alam et al., the data are complex 

because the drug absorbs water and 

crystallizes to a mono-hydrate (7).  

The situation for salbutamol sulphate 

becomes more complicated if some 

crystalline drug is also present, 

because the anhydrate form is 

most stable. In this case, the 

amorphous fraction crystallizes to 

a monohydrate, but then slowly 

dehydrates to form the anhydrate 

with time. Again, care must be taken 

when devising the experimental 

methodology for samples such as 

this, to ensure the heat measured 

is actually proportional to the 

amorphous fraction and does not 

result from some additional process.

Seven: Is the milled material 

sourced from different suppliers?

Milling is a high-energy process, and 

the way the energy is imparted to 

the sample can do more than simply 

reduce particle size. In principle, large 

particles will initially fracture when 

the mill imparts energy, but once 

their size has reduced sufficiently, 

they will reach their brittle-ductile 

Figure 2: Power–time data for salbutamol sulphate (both amorphous and 
crystalline materials are shown) when exposed to successive environments of 
elevated relative humidity. The response of the amorphous material is initially 
much greater, as it crystallizes to a monohydrate, but is actually smaller than the 
crystalline material in the second phase, because particle fusion has reduced its 
surface area.
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point, at which further size reduction 

is unlikely. Any energy provided 

after this point will not cause size 

reduction, but must still be dissipated 

by the sample—most likely by 

disrupting crystal structure, which 

is why milled materials are usually 

partially amorphous. The parameters 

for milling are usually adjusted to 

optimize particle size distribution 

of the milled powder only; no 

consideration is given to the physical 

form of the material. Hence, powders 

with similar particle size distributions 

produced from different mills may 

well have appreciably different 

amorphous contents. Consequently, 

they will not process or blend in the 

same way, and DPI performance will 

be affected.

Eight: Are samples analyzed  

at the same time after milling? 

The amorphous state is simple to 

define (lack of long-range crystal 

structure) but poorly understood. 

This complexity is because it is 

a high-energy state and, unlike 

crystal lattices, an infinite number 

of arrangements of molecules is 

possible. Hence, the energy of an 

amorphous material will lie in a range 

of values above any crystalline forms. 

With time, the molecules in 

an amorphous matrix will move 

and reorient (i.e., the process of 

relaxation). Because spontaneous 

molecular rearrangement can only 

progress in the direction of increasing 

order, as an amorphous material 

relaxes, it will lose energy as its 

molecular structure changes to that 

of the nearest crystalline form (and, 

indeed, many amorphous materials 

will eventually crystallize). 

As the performance of a DPI 

formulation is critically dependent on 

the forces of adhesion and cohesion, 

relaxation of a milled powder prior 

to blending can significantly affect 

the FPF achieved. This is, in fact, 

the reason many milled powders 

are conditioned prior to blending, 

either under humidity or left for a 

period of time. It follows that the 

time period between milling and 

measurement of amorphous content 

is critical—with longer time, more 

relaxation will have occurred and 

a lower amorphous content will 

be measured. A good protocol is 

to define a maximum time period 

permissible between milling and 

amorphous content quantification 

(three days, for example) and ensure 

all milled samples are stored in 

sealed, desiccated containers.

Nine: How was the amorphous 

reference material prepared? 

The definition of an amorphous 

material as lacking long-range 

molecular order does not preclude 

the possibility that there is 

appreciable short-range structuring. 

The degree of short-range order in 

an amorphous material is affected 

by the method of production. 

Consequently, amorphous materials 

of the sample compound prepared 

by, for example, spray-drying, 

lyophilization (freeze-drying), and 

quench-cooling will often behave 

very differently. In simplistic terms, 

the faster the method of production, 

the less time the molecules in a 

sample have to orient. Hence, a 

calibration curve prepared with 

amorphous material will often be 

different from a calibration curve 

prepared with freeze-dried material, 

because the energy contents of the 

two amorphous materials will be 

different. A further consideration is 

that irrespective of the method used 

to make the amorphous standards, 

it is likely that the short-range order 

imparted by milling will be different 

and so, in the opinion of the author, 

no calibration curve is representative 

of the sample being tested.

Ten: Is percent amorphous  

content actually needed? 

Determining the percent of 

amorphous content needed is a 

complicated concept, related to 

the concepts of relaxation and the 

problem of amorphous reference 

standards as discussed previously. 

The actual value determined by either 

solution or gas perfusion calorimetry 

is a heat, which can be considered as 

the excess energy of any amorphous 

fraction of a milled sample. While 

it is clearly possible to define some 

fraction of a sample as crystalline 

and the rest amorphous (and so also 

to use percentages), hopefully, it 

is apparent that as any amorphous 

fraction of a milled material relaxes, 

its excess energy will reduce. If the 

value of the excess energy is then 

converted to a percent amorphous 

content, by reference to a calibration 

curve, it will appear to reduce with 

time. However, the actual proportion 

of the material that is crystalline has 

not changed. It is simply the case that 

the energy of the amorphous fraction 

is reducing. The situation is further 

complicated when one remembers 

the problems in choosing appropriate 

amorphous reference standards for 

the calibration curve. In the opinion 

of the author, it is a better concept 

to correlate excess energy with FPF 

than percent amorphous content, 

because ultimately, it is the energy 

of the material that influences 

forces of adhesion and cohesion. An 

additional benefit of this approach is 

that a calibration curve for percent 

amorphous content is not needed. 

Conclusion
In summary, calorimetric techniques 

are excellent choices for identifying, 

characterizing, and quantifying 

partially amorphous materials. There 

is little doubt that if the physical 

properties of a material have changed 

during processing, calorimetric 

analysis will show a difference. The 

issue relates to interpretation of the 

data, because heat is a universal 

indicator of physical change. If the 

experimental design is not well 

constructed or the nature of the 

material being investigated is not 

thoroughly understood, it is very easy 

to misinterpret the data. Hopefully, 

by asking some or all of the questions 

raised in this article, readers will be 

better informed when quantifying 

small amorphous contents with 

calorimetric methods.

References
1. H.W. Frijlink and A.H. de Boer, Expert 

Opin. Drug Deliv., 1 (1) 67-86 (2004).

2. M.J. Donovan et al., J. Pharm. 

Sci., 101 (3) 1097-1107 (2012).

3. M. Hoppentocht et al., Ad. Drug 

Del. Rev., 75, 18-31 (2014).

4. S. Gaisford, Ad. Drug Del. Rev., 

64 (5) 431-439 (2012).

5. P.G. Royall and S Gaisford, Curr. Pharm. 

Biotechnol. 6 (3) 215-22 (2005).

6. R. Ramos, S. Gaisford, and G Buckton, 

Int. J. Pharm., 300 (1-2), 13-21 (2005).

7. S. Alam, M. Omar, and S. Gaisford, Int. 

J. Pharm., 459 (1-2) 19-22 (2014). PTE

24    Pharmaceutical Technology Europe APRIL 2017  PharmTech.com



Pharmaceutical Technology Europe APRIL 2017    25

PEER-REVIEWED

Covalidation Strategies to
Accelerate Analytical Method
Transfer for Breakthrough Therapies
Kieran O’Connor, Nicola Hulme, and Yueer Shi

An important operation in the registration approval 

of a new drug product is the commercial-scale 

validation campaign at a receiving manufacturing 

site, which requires the technology transfer of 

analytical methodology from the transferring site. 

Traditionally, Bristol-Myers Squibb (BMS) used the 

comparative testing technology transfer model. In 

a recent launch of a product with breakthrough 

designation status, however, BMS used the 

covalidation technology transfer model, which 

involves simultaneous method validation and 

receiving site qualification. The authors describe the 

development and implementation of covalidation 

strategies to accelerate analytical method transfer 

using examples from a pilot study.

In today’s challenging business environment, the speed of 

launch to the market for new drug products is crucial. The 

United States Food and Drug Administration (FDA) Safety 

and Innovation Act of 2012 established a breakthrough des-

ignation programme (1) to expedite the development and 

approval of innovative drugs for serious and life-threatening 

conditions. This programme has resulted in biopharmaceu-

tical companies prioritizing research on potential break-

through drug entities and reviewing and assessing business 

practices to identify opportunities to speed up the develop-

ment and registration process.

Within the pharmaceutical industry, method transfer is an 

integral part of the lifecycle of an analytical method (2). The 

United States Pharmacopeia (USP) defines the transfer of 

analytical procedures (TAP) as “the documented process that 

qualifies a laboratory (the receiving unit) to use an analytical 

test procedure that originates in another laboratory (the 

transferring unit, also named the sending unit), thus ensuring 

that the receiving unit has the procedure knowledge and 

ability to perform the transferred analytical procedure as 

intended” (3). The comparative testing technology transfer 

model involves initial validation of the analytical method at 

the transferring site, followed by subsequent transfer of the 

method to the receiving site. The covalidation technology 

transfer model involves simultaneous method validation and 

receiving site qualification.

Covalidation is based on the premise that the laboratory 

that completes the validation of an analytical procedure is 

qualified to run the procedure. According to USP <1224>, 

“the transferring unit can involve the receiving unit in an 

interlaboratory covalidation, including them as a part of 

the validation team, and thereby obtaining data for the 

assessment of reproducibility” (3). 

In addition, USP described four types of TAP as follows:

1.  Comparative testing performed on homogeneous lots 

of the target material

2. Covalidation between laboratories

3.  The complete or partial revalidation of the analytical 

procedure by the receiving unit

4. Transfer waiver with justification.

The transfer of analytical methods from a research 

and development laboratory to a production site is an 

important step towards the commercialization of a new T
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p h a r m a c e u t i c a l  p ro du c t .  W h i l e 

traditionally, at BMS, method transfers 

were per formed by comparat ive 

tes t ing ,  in  today ’s  env i ronment 

o f  a c c e l e r a t e d  p h a r m a c e u t i c a l 

development, covalidation between the 

transferring and receiving laboratories 

offers great advantages and hence 

warrants a detailed examination. The 

following study of covalidation includes 

the evaluation of the benef its of 

covalidation versus its potential risks, a 

decision-tree driven process to assess 

the suitability of using covalidation, and 

a case study of a recently completed 

analytical transfer involving 50 release 

testing methods.

Advantages of covalidation

In contrast to comparative testing (TAP 

Type#1) or revalidation (TAP Type#3), 

the covalidation approach does not 

require the transferring laboratory to 

complete method validation prior to 

the initiation of covalidation at the 

receiving unit. This unique feature of 

covalidation enables method valida-

tion and method transfer to be per-

formed in parallel instead of in series, 

which is particularly advantageous in 

situations where there is limited time 

for the qualification of the receiving 

laboratory. 

The nature of covalidation requires 

the early involvement of the receiving 

laboratory as part of the validation 

team, which is a departure from 

the classical validation paradigm 

whereby development and validation 

of the method are performed by the 

transferring laboratory with little or no 

input from the receiving laboratory (4). 

This early engagement of the receiving 

laboratory enables methods to be 

evaluated and validated in the most 

relevant laboratory setting for its 

intended use and affords the opportunity 

to incorporate receiving laboratory input, 

align with global and local practices, 

and build receiving-laboratory-friendly 

features into the method conditions.

Documentation for covalidation 

is streamlined by incorporating the 

procedures, materials, acceptance 

criteria, and results of the covalidation 

in validation protocols and validation 

reports, el iminating the need for 

separate transfer protocols and reports 

used in comparative testing.

An effective covalidation process 

demands and encourages c lose 

collaboration and knowledge sharing. 

As knowledge transfer is the most 

important aspect of method transfer, 

enhanced method knowledge at the 

receiving laboratory facilitates receiving 

laboratory ownership for the methods.

Risks and disadvantages  

of covalidation

The very nature of covalidation however, 

carries some risks when compared to the 

other TAP approaches.

Readiness of the method for 

covalidation. Methods subjected to 

covalidation are yet to be fully validated, 

there fore,  i t  rema ins  uncer t a in 

whether the method can meet all 

of the validation acceptance criteria. 

The risk that the method could fail to 

meet the validation criteria is much 

higher in instances where a method is 

not fully optimized and/or robustness 

and ruggedness of the method have 

yet to be extensively investigated. 

Any covalidation time saving will be 

Manufacturing
site selection

decision
completed? 

Is method
suitable for
commercial

manufacture
testing? 

Is satisfactory
robustness data

available? 

Is receiving
lab familiar with
technique used

by method? 

Is there
significant instrument or

critical material
difference between
the transferring and

receiving labs?

Receiving lab assesses
system  or material equivalency

by performing robustness -
system or material test

System or
material equivalency

established?

< 12 months
between method

validation and
PV or PPQ?

Suitable for
covalidation

Suitable for covalidation if knowledge retention
between validation and routine execution can be
addressed at receiving lab. Alternatively, receiving
site can elect to perform method transfer at a time

closer to PV or PPQ.

Re-evaluate method dependence
on instrument or material. May
require method revalidation.

Address training, capability
and technical expertise for

new technique at the
receiving lab. Covalidation

may be suitable if competency
is demonstrated, on a 

case-by-case basis.

Transferring lab
to address
method

robustness
issues

Yes 

Yes

Yes

Yes 

Yes 

Yes

No

No

No

No

No 

Yes

Figure 1: Decision tree for covalidation with commercial manufacture 

testing laboratory. PPQ is process performance qualification;  

PV is process validation.
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lost if the validation at the receiving 

laboratory has to be repeated. The 

scenar io  o f  hav ing  a  rece i v ing 

laboratory participate in covalidation 

for a method that might need to be 

reworked is a risk that needs to be 

addressed prior to the commencement 

of covalidation.

Preparedness of the receiving 

lab at a commercial manufacture 

site is required earlier than normal. 

In  contrast  to a method that is 

transferred to a long-term stability 

testing site, where it will  usually 

be put into use immediately after 

laboratory qualification is completed, 

transfer of a method to a commercial 

site usually occurs several months 

prior to its routine use for product 

release. The timing of covalidation, 

however, is dictated by the timing 

of method validation and as such, 

covalidation usually takes place earlier 

than method transfer. As a result, the 

time lag between covalidation and 

routine execution at a manufacture 

site poses two additional risks as 

follows:

t� Knowledge retention. The possi-

bility of a long time between covali-

dation and actual use of the method 

at receiving site with no re-enforce-

ment of method experience can lead 

to a loss of knowledge.

t� Timeline. If the receiving laboratory 

is not fully invested in rapid execu-

tion, the time for validation comple-

tion may lengthen.

Risk mitigation

A decision tree was developed to 

address the potential risks associ-

ated with using covalidation as the 

approach for method transfer (see 

Figure 1). The key decision points to 

assess the suitability of a method for 

covalidation are:

t� Are the method robustness results 

from the transferring laboratory sat-

isfactory?

t� Does the method use a technique with 

which the receiving lab is familiar?

t� Is there a significant instrument or 

critical material difference (e.g., filter 

for drug product methods) between 

the laboratories?

t� Is the time between method valida-

tion and commercial manufacture < 12 

months? (This applies to a commercial 

manufacture testing laboratory only.)

Because method robustness is the 

most important factor to determine if 

a method is suitable for covalidation, it 

is therefore crucial for the transferring 

laboratory to adopt a systematic 

approach for method robustness 

evaluation during method development 

to ensure adequate understanding and 

confidence for the method.

Case study

A project in Phase III clinical development 

was chosen as the pilot for the applica-

tion of the covalidation strategy for the 

analytical transfer for the drug substance 

and drug product. The following case 

study highlights the authors’ experience 

with drug substance covalidation. The 

covalidation exercise was undertaken 

between scientists from analytical 

groups in research and development 

(transferring unit), both in the United 

Kingdom and the United States, to a qual-
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Table II: Validation/covalidation elements.

Validation parameter

Elements to be 

validated as per co-

validation protocol

Recommended validation/covalidation elements 

(ICH Q2 (R1)/USP <1224>)

Assay/impurity 

quantitative Identity Assay

Impurity

quantitative 

test

Impurity

limit test

Specificity

For compound(s) of interest + + + + +

Forced degradation + +

Known impurities + + + +

Linearity + + +

Range + + +

Precision

Repeatability + + +

Intermediate precision + + +

Reproducibility* + + +

Accuracy + + + NA

Sensitivity**

Quantitation limit + +

Detection limit + + +

Robustness

Solution stability + + + +

Extractability +

Variation of operating parameters + + + + +

*   Reproducibility is evaluated as part of a covalidation study between transferring and receiving laboratories.

** Sensitivity is also evaluated in the receiving laboratory prior to reproducibility testing.

Table I: Summary of methods that required analytical transfer in a case study. RSM is regulatory starting model.

Compounds

Number of  

methods

Traditional transfer model Covalidation transfer model

Comparatively 

tested Transfer waived

Comparatively 

tested Covalidated

Transfer 

waived

API 10 4 6 2 2 6

Intermediate #1 8 3 5 0 3 5

Intermediate #2 8 3 5 0 3 5

RSM #1 7 5 2 2 3 2

RSM #2 5 4 1 2 2 1

RSM #3 9 7 2 2 3 4

Reagents 5 5 0 1 4 0

Total number of 

methods
52 31 21 9 20 23

Percentage of methods 

transfer required vs. 

transfer waived

60 40 17 39 44
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ity-control laboratory in the Global Commercial Manufacturing 

organization (receiving unit) in Ireland.

The pilot project included the API, two isolated 

intermediate compounds, three regulatory starting materials 

(RSMs), and all associated reagents used in the process 

steps associated with these compounds. The traditional 

approach to analytical method transfer at BMS required the 

comparative testing on several homogeneous lots of the 

target material for all critical tests, such as determination 

of assay, impurities and degradants, residual solvents, 

counter ions, enantiomeric impurity, and inorganic impurities, 

combined with transfer waivers for compendia tests such 

as identity, water content determination, appearance, and 

colour. The comparative testing model would have required 

comparative testing be conducted on 60% of the total 

number of analytical methods transferring to the commercial 

facility. For the pilot project, the analytical method transfer 

needs were reviewed against the newly mapped covalidation 

technology transfer model. A comparison of the two 

approaches is shown in Table I.

By using the covalidation approach, the proportion of 

methods transferred using comparative testing was reduced 

to only 17%. Comparative testing was not replaced entirely 

due to several of the methods being fully validated prior to 

the decision to accelerate the project timelines.

The covalidation approach was exclusively applied to 

high-performance liquid chromatography (HPLC) and gas 

chromatography (GC) methods for the various manufacturing 

steps in the case study. Validation criteria for both modes of 

analysis are detailed in Table II, and reproducibility testing 

was performed at the receiving laboratory.

To gain a greater understanding of the impact of this 

change, resource utilization figures were compiled for the 

two approaches. Figure 2 outlines the number of hours spent 

on each key step for one drug substance analytical method 

following each of the two processes. Figure 2 demonstrates 

that traditional comparative testing would take approximately 

11 weeks to complete from starting the analytical method 

validation process to approval of the technology transfer 

report and subsequent qualification of the receiving site 

to perform analyses using the method. Adopting the new 

covalidation model delivers the same end result in eight 

weeks—a saving of over 20% less time for each covalidation 

as compared to comparative testing. Overall, the time for 

the traditional model was 13,330 hours and the time for the 

covalidation model was 10,760 hours (see Figure 3).

Author
Transfer
Protocol

Protocol
Approval

Transfer
Testing

Author
Transfer
Report

Report
Approval

6 240 52 820

12 6 56 21 6

Total Time from Start to Finish ~ 54 business days (~ 430 hours)

Hours to Complete Each Stage

Hours to Complete Each Stage

Comparative Testing

Author
Validation
Protocol 

Protocol
Approval

Validation
Testing

Author
Validation
Report

Report
Approval

Author
Covalidation
Protocol

Protocol
Approval

Validation
Testing

Covalidation
Testing

Report
Approval

Author 
Covalidation
Report

22 6

240

56* 63 10

Hours to Complete Each Stage

Hours to Complete Each Stage

Total Time from Start to Finish ~ 43 business days (~ 340 hours)
�This time overlaps with the validation testing therefore time not included in total time line.

Covalidation

Figure 2: Comparison of time required for comparative testing and covalidation.

Note: Illustration based on one analyst performing covalidation activities in each laboratory.
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Establ ishing method robustness.  In  the case 

study, quality by design (QbD) approaches were used 

to evaluate method robustness as part of the method 

development process. For example, for the development 

of the HPLC purity/impurity methods for Intermediate 

#1, multiple variants (e.g., binary organic modifier ratio, 

gradient slope, and column temperature) were evaluated 

in a model-robust design (see Table III). Based on the 

identif ication of crit ical method parameters during 

method development, the method robustness ranges 

and per formance-dr iven acceptance cr iter ia were 

established.

Table III: Multifactorial design of experiments study for a liquid chromatography impurity method (*run# 19 and 

#20 are the centre point conditions). Ranges investigated: % Mobile phase B at end of gradient: 44–48%; Column 

temperature: 45–55 °C; % Methanol (MeOH): 48–52 %.

Run No.

Final 

% B 

Column 

Temp.

% 

MeOH 

USP Resolution

Peak 

3

Peak 

4

Peak 

5

Peak 

6

Peak 

7

Peak 

8

Peak 

9

Peak 

10

Peak 

11

Peak 

13

Peak 

14

1 46 45 48 9.0 18.3 15.4 5.9 3.7 3.8 5.9 1.3 4.0 12.3 7.6

2 48 45 48 8.4 16.8 13.8 5.5 3.4 3.6 5.3 1.6 3.4 13.9 8.7

3 44 45 48 9.5 19.6 16.9 6.3 3.9 4.0 7.5 1.2 4.0 10.8 6.8

4 48 45 48 8.4 16.8 13.7 5.5 3.5 3.6 5.3 1.6 3.4 13.9 8.7

5 47 47.5 48 8.5 17.2 13.7 5.5 3.6 3.6 5.4 1.4 3.7 13.8 8.7

6 46 50 48 8.4 17.4 13.6 5.4 3.6 3.5 5.5 1.3 4.1 13.9 8.7

7 46 50 48 8.4 17.5 13.5 5.4 3.5 3.5 5.4 1.3 4.1 13.8 8.7

8 44 50 48 8.3 17.5 13.5 5.4 3.6 3.5 5.4 1.3 4.1 13.9 8.6

9 47 52.5 48 7.7 16.3 12.2 5.1 3.5 3.4 4.9 1.4 3.8 16.6 9.8

10 48 55 48 7.0 15.4 10.7 4.6 3.3 3.1 4.4 1.5 3.6 26.2 11.5

11 44 55 48 8.2 18.1 13.5 5.3 3.8 3.6 5.8 1.1 4.8 13.7 8.6

12 48 55 48 7.1 15.6 10.6 4.6 3.2 3.1 4.4 1.5 3.6 26.9 11.5

13 46 55 48 7.6 16.6 11.8 4.9 3.5 3.3 5.0 1.3 4.1 17.6 9.9

14 44 45 50 9.0 17.8 15.8 6.1 3.6 3.8 5.5 2.2 3.1 12.0 7.7

15 48 45 50 7.8 15.2 12.9 5.3 3.1 3.4 4.6 2.6 2.3 15.0 10.1

16 46 45 50 8.2 16.3 14.2 5.7 3.3 3.5 5.0 2.4 2.7 13.5 8.6

17 48 50 50 7.1 14.5 11.5 4.9 3.0 3.2 4.3 2.5 2.4 25.2 11.6

18 44 50 50 8.1 16.9 14.1 5.6 3.5 3.6 5.1 2.1 3.2 13.5 8.9

19* 46 50 50 7.5 15.8 12.7 5.2 3.3 3.4 4.7 2.3 2.8 16.7 9.9

20* 46 50 50 7.6 15.7 12.6 5.2 3.3 3.4 4.7 2.3 2.8 16.5 9.9

21 44 55 50 7.7 16.5 12.7 5.1 3.4 3.3 4.7 2.0 3.4 17.3 9.9

22 48 55 50 6.7 14.0 10.0 4.3 2.9 2.9 3.8 2.3 2.6 32.7 13.4

23 46 55 50 7.2 15.3 11.4 4.8 3.2 3.1 4.2 2.1 2.9 26.8 11.6

24 48 45 52 7.2 13.9 12.1 5.2 2.8 3.3 4.1 3.5 1.6 22.6 11.4

25 44 45 52 8.1 16.2 15.0 5.9 3.2 3.6 4.9 3.2 2.2 13.3 8.5

26 46 45 52 7.6 15.1 13.5 5.5 3.0 3.4 4.5 3.3 1.9 14.4 9.7

27 45 47.5 52 7.6 15.3 13.4 5.5 3.1 3.4 4.5 3.2 2.1 14.2 9.8

28 48 50 52 6.8 13.3 10.8 4.7 2.8 3.0 3.7 3.2 1.7 30.1 13.0

29 44 50 52 7.7 16.1 13.3 5.4 3.2 3.4 4.6 3.0 2.4 14.8 9.7

30 46 50 52 7.2 14.5 12.0 5.1 3.0 3.2 4.1 3.1 2.0 24.1 11.3
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Additional benefits of covalidation 

Troubleshooting and method under-

standing. The collaborative approach 

used during the covalidation work-

flow enhanced the knowledge transfer 

between the transferring and receiving 

laboratories. Regular communica-

tion ensured that both units were fully 

aligned in achieving the optimum out-

come. This collaboration required a cul-

tural change by both units, as the trans-

ferring unit needed to engage with the 

“customer” (receiving unit) during the 

method validation stage of the analyt-

ical method lifecycle, and the receiving 

unit needed to engage in method trou-

bleshooting and optimization of the ana-

lytical method where required. This new 

mode of operation modified the tradi-

tional work practices and resource allo-

cations within both units. For example, 

there was a greater requirement for 

technical expertise amongst the staff 

engaged at the receiving unit than 

would be typically required for a transfer 

using the comparative testing model.

Early input from the receiving unit 

identified potential roadblocks to the 

application of several analytical methods 

in their laboratory. A validation team 

was formed, including representation 

from both the transferring and receiving 

units who worked together to identify 

solutions to the issues and incorporate 

the changes into the validation exercise 

and final method. 

One such issue arose during the 

covalidation of a method to determine 

residual solvents by GC that used 

headspace sampling and flame ionization 

detection. At the commencement of 

covalidation discussions between the 

two laboratories, an equipment list was 

created that indicated both laboratories 

had the same GC equipment. However, 

during familiarization trials at the 

receiving lab, when data from the two 

laboratories were compared, it was 

noted that early eluting peaks observed 

at the transferring unit were consistently 

larger than those obtained by the 

receiving unit. A thorough review of the 

make and models of the instrumentation 

confirmed that the instrumentation was 

the same in both laboratories, but the 

instrument configurations were different.

If a comparative testing approach 

had been used, this issue would have 

halted the technology transfer while the 

issue was being resolved. It could have 

resulted in additional validation testing 

by the transferring laboratory and would 

have lengthened the time required to 

qualify the commercial laboratory. The 

collaborative nature of the covalidation 

approach resulted in the validation team 

rapidly identifying the root cause of the 

issue and incorporating the different 

instrument configurations into the 

covalidation exercise and final method 

documentation with negligible impact to 

the overall timeline.

Addit ional benef it:  ef fect ive 

planning. Another outcome of the 

more collaborative and  intensive 

communication between the two units 

was the identification of a planning tool. 

Frequent meetings, phone calls, and 

e-mail correspondence between both 

units, in addition to a significant volume 
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of duplicate/redundant work, were identified as inefficiencies 

within the transfer. A review  identified a more streamlined and 

efficient process, which resulted in adoption of the Microsoft 

Project planning tool for managing the overall transfer. The 

planning tool was customized to reduce the number of 

meetings, streamline documentation and communication 

activities, and optimize the scheduling of transfer testing 

through the use of Gantt charts. Key features of the tool 

included:

t� Use of Gantt charts to link and track all project activities

t� Identification of critical risk factors for the technology 

transfer via technical risk and associated risk assessment 

grading (RAG) columns

t� Use of filters to facilitate efficient review of relevant 

tranfer activities

t� Controlled write access to the tool to ensure all informa-

tion is current and accurate

t� Use of hyperlinks for access to controlled transfer docu-

mentation

t� Centralized location for all relevant project information (e.g., 

test methods, validation documentation, project timelines).

The tool has proven to be an effective mechanism to 

manage the multiple simultaneous activities ongoing at the 

transferring and receiving sites during covalidation.

Conclusion

Traditionally, analytical method qualification of receiving 

laboratories is performed using comparative testing tech-

nology transfers, which involve validation of the method 

at the transferring unit, followed by technology transfer 

to the receiving unit. Covalidation is an alternative tech-

nology transfer model that combines method validation 

and receiving unit qualification in one process. To reduce 

the business risk of potential covalidation failure, a deci-

sion tree was established with the key requirements 

outlined. The decision tree highlights the importance of 

robustness study of any method before proceeding with 

covalidation.

The primary impact of using the covalidation model 

is the expedited analytical method qualification of both 

the transferring and receiving laboratories. Covalidation 

of analytical methods also affords other benefits to both 

transferring and receiving units, namely through the earlier 

engagement by both units in the analytical method lifecycle, 

thereby ensuring the relevant test method will be optimized for 

operation in the receiving unit. This early engagement facilitates 

input from the receiving unit, supporting a more efficient 

subsequent covalidation and qualification of the receiving 

unit than the comparative testing model. This approach also 

results in more efficient knowledge transfer between both units 

through method optimization and troubleshooting activities. 

A cultural change is required to optimize the output of 

the validation team, which is comprised of members from 

both the transferring and receiving laboratories. Additionally, 

resource allocation for covalidation is very different from 

the comparative model. The covalidation process requires 

the receiving laboratory to allocate resources at an earlier 

stage in the analytical method qualification process, and 

also potentially to a greater degree than the comparative 

transfer model. Additionally, covalidation requires efficient 

organization and planning at both laboratories to ensure 

simultaneous activities are coordinated and scheduled so that 

transfer deadlines can be met. Use of a tool, such as Microsoft 

Project, facilitates the planning of covalidation activities and 

scheduling of resources.

The covalidation pilot detailed in the case study was 

successful in ensuring qualified analytical methods were 

available to support the manufacturing validation campaign 

at the receiving site as part of the expedited launch of the 

new drug product. Application of the covalidation model 

and transfer waivers greatly reduced the cycle time for the 

analytical transfer element of product development. As 

a result, covalidation is the preferred mode of analytical 

technology transfer within BMS where early identification 

and engagement of the receiving site is required.
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Critical quality attributes (CQAs) are used in biopharmaceutical 

development to gain an understanding of a product and the 

processes used to make that product. The International Council 

for Harmonization (ICH) Q8 (R2) defines CQAs as “a physical, 

chemical, biological, or microbiological property or characteristic 

that should be within an appropriate limit, range, or distribution to 

ensure the desired product quality. CQAs are generally associated 

with the drug substance, excipients, intermediates (in-process 

materials), and drug product” (1). While CQAs of small-molecule 

drugs can affect the purity, strength, drug release, and stability 

of a drug, the complex nature of biologics can create additional 

quality attributes that can affect the safety and efficacy of the 

biologic (2). Identifying CQAs for biologics can, therefore, be a 

complicated process. 

Pharmaceutical Technology Europe spoke with Tapan Das, head 

of stability, methods and analytical development at Bristol-Myers 

Squibb and Finance Committee member and past-chair of the 

BIOTEC Section at the American Association of Pharmaceutical 

Scientists (AAPS), about how CQAs for biologics differ from CQAs 

for small-molecule drugs and how they can be determined.

Challenges for biologics
PTE: Are there specific challenges to identifying CQAs in biologics 

when applying quality by design (QbD)?

Das (BMS): Knowledge-based design, as opposed to a heuristic 

approach, is a key principle of QbD. Determination of criticality 

of process and quality attributes improved significantly in the 

past decade with the advancement of knowledge in protein 

engineering, biology, and cell culture engineering. However, 

challenges remain, specifically in establishing criticality, when an 

attribute has the potential to impact a multitude of factors in the 

broad category of safety and efficacy. Protein modifications (such 

as post-translational modifications) and degradation products may 

affect potency as well as secondary pathways such as altered 

clearance or induction of immunogenicity.   

Susan Haigney

PTE: How are CQAs in biologics 

defined?

Das (BMS): For recombinantly 

produced biologics, special 

attention is paid to the cell 

culture and purification process 

parameters as well as storage 

conditions because of their 

influence on heterogeneity 

commonly observed in biologics. 

It is the heterogeneity in biologics 

that makes the process of defining 

criticality of each heterogeneous 

species extremely challenging. 

Therefore, consistency of product 

quality becomes even more 

important for biologics. 

PTE: What is the process for 

determining risk, specifically for 

biologics?

Das (BMS): Risk assessment 

is an evolving process from 

the discovery phase to clinical 

stages to product approval and 

commercial manufacturing. In the 

early discovery and development 

stages, criticality determination of 

each process parameter and quality 

attribute is not meaningful, rather 

the emphases are on establishing 

safety and biological function of 

the product and producing them 

in a consistent manner. When 

developing a commercial process 

and formulation, appropriate 

analytical, structural, and 

biological assays are developed 

that are capable of studying the 

components in a heterogeneous 

biologics product, and understand 

its impact on function, safety, 

stability, microbiological safety, and 

dosage form integrity. 

Tools for determing CQAs
PTE: What tools can be used to 

determine CQAs for biologics? 

Which studies?

Das (BMS): Criticality 

determination relies on 

understanding probability of 

occurrence and relevance of 

a given attribute or process 

parameter; identifying product 

variants, understanding its 

biochemical/biophysical properties, 

and establishing its link to process 

parameters; and studying impact 

on function (e.g., binding potency, 

clearance, antibody-dependent 

cell-mediated cytotoxicity 
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[ADCC], etc.) and safety (toxicity, 

immunogenicity). As noted above, it 

is impractical to study all possible 

attributes of process and product 

in early stages to understand, at 

an individual level, its impact on 

function and safety.

PTE: Do some studies/tools work 

better than others? Why?

Das (BMS): This is an important 

point. Establishing appropriate 

analytical/biophysical/functional 

tools that are fit-for-purpose for 

sensitivity and specificity is key to 

ensure the known/hypothesized 

impacts (on structure, function, and 

safety) can be studied objectively. 

For example, during commercial 

development, enrichment studies 

can be conducted to study impact 

(and hence, criticality) of one 

variant at a time. Another example 

is use of state-of-the-art higher 

order structure tools, when needed 

(not suitable for routine use), to 

deconvolute structural impact 

from multiple degradations (e.g., 

oxidation, isomerization) occurring 

at the same time (3). 

Regulations and  
risk assessment
PTE: Are the regulations for CQAs 

and QbD different for biologics? If 

yes, how? 

Das (BMS):  The ICH guideline 

[(ICH) Q8 (R2)] is commonly followed 

for CQA approaches and its use 

toward establishing a robust 

manufacturing process. Adoption 

of QbD differs greatly across 

regions including within the United 

States. However, the underlying 

principles of QbD (i.e., a systematic 

approach for product and process 

understanding and process control, 

based on sound science and 

quality risk management) towards 

developing robust process and 

product are increasingly used 

across regions. 

PTE: As biologics become 

more popular in the industry, are 

companies paying more attention 

to risk assessment and QbD for 

these products?

Das (BMS):  Generally, yes. 

Risk assessment still differs 

significantly across organizations. 

The past decade has experienced a 

tremendous growth in the biologics 

portfolio of the biopharmaceutical 

industry. With the advancement of 

knowledge in analytical sciences, 

protein engineering, biology, and 

cell-culture process, it is now 

possible to assess quality attributes 

more objectively than before. The 

awareness for the importance of 

CQA assessment and its critical 

role in developing robust process/

product is also increasing. 
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Analytical quality by design (AQbD) has been a topic of interest as 

quality by design (QbD), risk-based pharmaceutical development, 

and manufacturing principles have been promoted over the 

past decade (1). It has been the topic of several publications and 

presentations (2–8), and goals have mirrored those outlined for 

general QbD-based regulatory submissions: the development of well-

designed, understood, and controlled processes for manufacturing 

and testing pharmaceutical substances and products. An initially 

proposed AQbD framework outlined a goal toward delivering robust, 

well-understood analytical methods for effective process control 

in the delivery of high-quality, well-characterized, and controlled 

pharmaceuticals along with regulatory flexibility to suitably manage 

analytical methods over a product’s lifecycle (9). Introduction of that 

framework afforded a platform for discussion and development of 

practices toward achieving these goals. Several concepts associated 

with quality-risk management as outlined in International Council for 

Harmonization (ICH) guidelines (10–12) were adopted from the QbD 

lexicon. Design spaces, risk assessments, and criticality assessments 

are three such concepts. Analytical QbD also introduced concepts 

such as an analytical target profile (ATP) to define method 

expectations, and may be analogous to the quality target product 

profile that contains critical quality attributes (CQAs) as a QbD-based 

concept to define a method as “fit for purpose”. The following is 

an example of an ATP for a small-molecule drug product assay:

Mark Argentine is Sr. Research Advisor at Eli Lilly and Company; Kimber Barnett is Research 

Fellow at Pfizer; Marion Chatfield is Director, Statistics & Programming at GlaxoSmithKline; 

Elizabeth Hewitt is Associate Director, Analytical Development at Takeda; Patrick Jackson 

is Investigator at GlaxoSmithKline; Shreekant Karmarkar is Director, Programme Management 

at Baxter; Ariane Marolewski is Sr. Director at Infinity; Andrea Pless is Director, Validation 

and Quality Control at Teva; Andy Rignall is Principal Scientist at AstraZeneca; David 

Semin is Director Process Development at Amgen; Mark D. Trone is Director at Alkermes; 

Qinggang Wang is Principal Scientist at BMS; Zeena Williams is Senior Associate Director 

at Boehringer-Ingelheim; and Yanqun Zhao is Sr. Principal Research Scientist at AbbVie.

Assay: The procedure must be able 

to quantify [analyte] in [presence 

of X,Y,Z] over a range of A% to 

B% of the nominal concentration 

with an accuracy and uncertainty 

so that the reportable result falls 

within +/-C% of the true value 

with at least a 90% probability 

determined with 95% confidence (13).

Based upon commonality with 

QbD-based principles, some of 

these concepts have even been 

discussed in US Pharmacopeial 

Convention (USP) stimuli articles as 

an opportunity to illustrate desired 

analytical method practices in 

support of the proposed United 

States Pharmacopeia Chapter <1220> 

Lifecycle Management of Analytical 

Procedures (13–15).  These USP-

based stimuli articles support the 

use of ATPs and quality-risk based 

assessments for managing methods 

through their lifecycles to ensure 

that methods remain fit for purpose.

While these concepts are easy to 

discuss and perhaps describe when 

specifications have been defined, 

implementation of such concepts 

has posed challenges over the 

past decade for several reasons:

t� Often the ATPs incorporate 

statistical language and may 

require enhanced statistical 

support when establishing ATPs.

t� During development, 

specifications may change and 

consequently ATPs may change 

to ensure that methods remain 

suitable for intended purpose.

t� It was proposed that as long as 

analytical methods favorably 

deliver against the defined ATP 

method expectations, methods 

should remain suitable and 

could be updated with enhanced 

regulatory flexibility. Industry 

feedback, however, has suggested 

that regulatory submissions 

that used AQbD concepts have 

been accepted but without, 

or perhaps with very limited, 

reduction in regulatory reporting 

for method changes (9,16).

To assess the status of AQbD 

implementation approximately 10 

years after introduction of QbD/

AQbD concepts into pharmaceutical 

analysis (1,2), the IQ Consortium’s 

Analytical Quality by Design Working 

Group (AQbD WG) submitted a 
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Analytical Quality by Design

survey to IQ member companies. 

The IQ Consortium’s mission is to 

advance science and technology 

by augmenting the capability of 

member companies to develop 

transformational solutions that 

benefit patients, regulators, and 

the broader R&D community. 

Eighteen responses from 16 member 

companies were received to the 

34-question survey. The responses 

represent the use of AQbD in 12 large 

(>10,000 employees) pharmaceutical 

or biopharmaceutical companies 

and four smaller companies.

Implementation
More than two-thirds of the 

companies (69%, or 11 of the 16) 

had implemented AQbD in some 

way (Figure 1). Not surprisingly, 

the large pharma companies had 

a higher implementation ratio 

(83%, or 10 of 12 companies) than 

the smaller pharma companies 

(25%, or 1 of 4 companies). Stated 

differently, 91%, or 10 of the 11 

companies, implementing AQbD 

concepts were from large companies 

(although the large companies had 

significantly more survey responses). 

Of the varied company responses, 

implementation of AQbD concepts 

occurred for both large and small 

molecules as many companies 

indicated application for both 

small and large molecules with 

very little difference in approach.

For those companies that have 

implemented AQbD concepts, 

several business drivers were noted. 

Improved method performance 
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Figure 1: Breakdown of all responding companies by whether they have implemented analytical quality 
by design (AQbD) and their size.

Table I: Analytical quality-by-design (AQbD) concept 

implementation during drug development process by respondent. 

Response Phase I Phase II Phase III Post-Approval

1 X

2 X

3 X X

4

5

6

7 X X X

8 X X X X

9 X X

10 X X X

11 X X

12 X

13 X X X

14 X

15 X X

16

17 X

18 X

Total: 4 7 12 4

Table II: Method types to which analytical quality-by-design  

concepts have been applied.

Type of methods Percentage of respondents

Drug product methods 100

API methods 93

Non-chromatographic methods 57

Only chromatographic methods 47

Methods for API starting materials 33

Process intermediate methods 30

In process monitoring methods 22

Compendial methods 14
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was the most important driver. For 

those five companies that had not 

implemented AQbD efforts into their 

development programmes, concerns 

regarding increased cost and/or 

resource investments with no or low 

benefit were the primary reasons.

Technical details  
and challenges with 
implementation
Of the 11 companies that have 

implemented AQbD concepts, the 

respondents were almost equally 

split between implementation just 

recently started and those who have 

been practicing AQbD concepts for an 

extended time. Of the five companies 

not having implemented AQbD, three 

indicated that they are just beginning. 

Interestingly, and not surprisingly, most 

companies practice AQbD concepts 

during late-stage development (>80% in 

Phase III) and commercialization, versus 

earlier development stages, to obtain 

maximum value from their investment 

efforts. Table I shows a breakdown 

of AQbD implementation during the 

drug development lifecycle for the 18 

respondents. This outcome is clearly 

consistent with the greatest value 

voiced from AQbD implementation: 

achieving robust methods, better 

validation packages, and much 

improved method knowledge during 

development. While not captured in 

Table I, comments toward utilization 

indicate the application of subsets of 

AQbD tools (e.g., modelling) by some 

companies in earlier development 

stages (Phases I and II) but with less 

systematic rigor than in later phases 

for better knowledge development.

The survey also clearly indicated 

that the primary focus for 

implementation of AQbD concepts 

is on drug substance and drug 

product methods with much lower 

application to the testing of other 

materials (Table II). Interestingly, and 

perhaps not surprisingly, respondents 

have applied AQbD concepts almost 

equally between chromatographic 

and non-chromatographic methods 

and clearly do not apply such 

concepts to compendial methods.

Eight respondents stated that 

there was time saved in developing 

robust methods, while six 

respondents thought otherwise. 

Lifecycle management of methods 

was thought to take longer with a 

multivariate AQbD-based approach, 

therefore requiring additional 

resources.  However, the developed 

methods were thought to be more 

robust, and hence fewer issues 

encountered during routine use.

The majority of companies in 

the survey leveraged commonality 

amongst methods to gain AQbD 

implementation efficiencies. Two 

examples included the use of generic 

risk assessments based on method 

types (e.g., single risk assessment 

templates for reversed phase–high-

performance liquid chromatography 

[RP-HPLC] assay methods) and the 

use of standardized approaches to 

method development, such as the 

use of standard chromatographic 

column screens. In addition, 

automated software systems were 

used to offset increased resource 

demand to develop methods. 

Thirteen out of 15 respondents 

developed methods using various 

commercially available software 

packages such as Fusion AE, DryLab, 

ChromSword, and ACD/AutoChrom. 

Respondents have applied statistics 

(92%) and experimental design 

(100%) to improve the efficiency 

AQbD implementation. This is 

consistent with numerous examples 

of models and logically designed 

experimental screens found in the 

literature in an effort to promote 

development of robust methods 

under an AQbD moniker (17–20). A 

simple design of experiment (DoE) 

approach was the most widely used 

experimental design tool, especially 

for robustness testing. Modelling 

and simulation tools were routinely 

used by some companies (64%) for 

AQbD application. Of note, most 

respondents have not leveraged 

any other approaches, other than 

the tools mentioned, to offset 

any potential increase in resource 

demand for AQbD implementation.

Regarding technical guidance 

(e.g., the issuance of departmental 

guidelines or standard 

operating procedures (SOPs) for 

implementation of AQbD concepts), 

Table III: Business drivers for implementing analytical quality-by-design concepts.

Business driver

# Responding* % Responding*

Yes and/or most 
important

No
Most 

important
Greatest return 
on investment

Improved performance of analytical  

methods and robustness
15 of 15 0 of 15 67 43

Improved knowledge about analytical methods 14 of 15 1 of 15 20 7

Regulatory relief with operational flexibility 9 of 14 5 of 14 7 8

Development of consistent business processes 

for method management
10 of 13 3 of 13 0 0

Other—Facilitate lab-to-lab transfer 1 of 1 0 0 0

* Note: Totals are not the same across all business drivers as some respondents omitted an answer.

As companies consider 
implementation of 
AQbD concepts, most 
responders have 
acknowledged practice 
of at least some AQbD 
concepts in their 
organization.
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six of the 16 companies noted the 

existence of a departmental guideline 

or SOP on AQbD processes. Those 

six companies who had implemented 

AQbD guidance represent about 

half of the companies that have 

implemented AQbD concepts. 

The comments on this question 

suggested that some groups 

felt specific guidance on QbD 

implementation was not necessary.  

In fact, some responses indicated 

that QbD aspects of analytical work 

were directly documented alongside 

or within those work packages (e.g., 

method development or validation) 

rather than as a separate entity.

Business considerations
As companies consider 

implementation of AQbD concepts, 

most responders (13 of the 18 

responses, or 11 of the 16 companies) 

have acknowledged practice of at 

least some AQbD concepts in their 

organization. As briefly mentioned 

above, there were several business 

drivers for companies to consider for 

implementation of AQbD concepts 

in their method development efforts. 

Of the member companies surveyed, 

67% responded that the most 

important business driver was the 

expectation of improved performance 

of analytical methods and robustness 

of these methods, and 43% indicated 

this business driver produced the 

largest return on their investment of 

AQbD practices. Member companies 

also indicated other reasons 

that offer a business incentive: 

improved knowledge of analytical 

methodology, regulatory relief with 

operational flexibility, development 

of consistent processes for method 

management, and facilitating lab-

to-lab transfers (see Table III).

However, 31% of the company 

responses (5 of 16 companies) had 

not yet implemented AQbD concepts 

as illustrated in Figure 1 (though 

three were just beginning).  One of 

the appreciable concerns mentioned 

as a potential barrier to advancement 

involves additional investment 

cost (e.g., resource costs) with 

perceived limited value. Respondents 

were asked whether there was an 

additional resource requirement in 

their area associated with analytical 

QbD. The answer was predominantly 

yes (79% of respondents). These 

additional investments are often 

framed in terms of enhanced 

statistical support, enhanced 

infrastructure to support risk 

assessments and QbD programmes, 

and lack of clear guidance for efficient 

implementation of new processes.

For some companies, the 

value of well-designed method 

development studies to define 

and ensure robust methods 

for intended purpose has been 

accomplished without the formal 

implementation of many AQbD-

associated concepts (e.g., definition 

of an analytical target profile and 

performing formal risk assessments). 

For those implementing AQbD 

approaches, focusing application 

of QbD principles to methods of 

high importance in the control 

strategy and/or to those that are 

particularly complex and therefore 
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of higher risk are appropriate to 

manage resource investments. 

It is not felt that applying QbD 

to every analytical method in a 

control strategy is a sensible use of 

resources. The additional level of 

method understanding and control 

provided by QbD should be applied 

following a risk-based approach so 

that resources are not wasted on 

well-defined, general compendial 

methodology. Additionally, 

cultural barriers also can inhibit 

adoption of newer practices.

One of the initially touted 

potential benefits of AQbD 

submissions included regulatory 

flexibility surrounding analytical 

controls and robustness of the 

control strategy based upon 

enhanced knowledge gained 

by QbD efforts. However, this 

regulatory driver has not 

materialized as initially proposed 

during the first several years of 

QbD-based submissions. Figure 

2 affords a summary of hurdles 

toward AQbD implementation.

Regulatory  
experiences/outcomes
One of the benefits of adopting 

a QbD approach is highlighted 

in ICH guidance: “Areas where 

the demonstration of greater 

understanding of pharmaceutical 

and manufacturing sciences can 

create a basis for flexible regulatory 

approaches.  The degree of 

regulatory flexibility is predicated 

on the level of relevant scientific 

knowledge provided” (1). Following 

on from the adoption of this 

guidance, interested stakeholders 

began to think about the concept of 

regulatory flexibility as applied to 

analytical methods that have been 

designed, qualified, and continually 

verified using QbD-derived 

approaches. Survey responses 

related to implementation, filing 

practices, and regulatory responses 

are discussed below. While most 

survey responders concluded that 

the regulatory aspects were not the 

main benefit from adopting a QbD 

approach to analytical methods, 

other benefits included greater 

method understanding leading 

to better method controls. These 

benefits went some way to 

justifying the increased effort 

required. Overall, the survey 

concluded that benefits could be 

gained by using QbD tools and 

processes during the analytical 

method lifecycle and further 

discussions on experimental and 

statistical best practice culminating 

in the publication of examples, 

case studies, and ultimately 

industry guidance are warranted.

There were four questions relating 

to regulatory implementation as part 

of the survey. Initially, the survey 

asked whether the company had 

filed analytical methods developed 

with an AQbD approach. Seven 

companies, representing both 

large and small companies, had 

indicated affirmatively and provided 

feedback on the questions regarding 

regulatory agency review of AQbD 

implementation. The experience 

of pharmaceutical companies 

in this area so far seems mixed 

but more negative than positive. 

Technical

Regulatory

Business

Agree/Align practices across sites for implementation

AQbD approach needs to be accepted by all: lack of knowledge; statistical (including DOE) expertise

Expansion beyond chromatographic development software

Developing and executing risk assessments efficiently: identifying value in ATP beyond validation
acceptance criteria

ATP concept (i.e., combined limit on accuracy and precision); unsure of benefits

Not getting any relief from regulatory bodies on the results

Culture and tradition

Extra resource burden

No return on investment

Additional development time

Understanding the most efficient way to develop the methods, along with getting initial buy in 
internally from compliance functions

No ICH agreement on new concepts such as ATP and MODR; AQbD not mandated for filing

Figure 2: Implementation hurdles to analytical quality-by-design (AQbD) concepts. DoE is design of 
experiment. ATP is analytical target profile. MODR is method operable design region.
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Varied regulatory understanding 

and expectations as well as a lack 

of clarity on what level of detail 

should be gathered and provided 

was noted. Responding to whether 

the AQbD regulatory review was 

successful, three companies had 

successful reviews and three 

had either pending submissions 

or submissions not filed yet.

There was a variety in the level of 

detail of AQbD filings. In increasing 

detail, responses ranged from:

t� Only including the final method

t� Outline of risk assessment 

approach and description 

of analytical studies

t� Analytical target profiles, 

risk assessments, and 

statistical analyses.

Companies are using various 

approaches, likely based on 

historical successes. This is 

inefficient because it leads to more 

work for the applicant to decide 

on the approach and to address 

questions during review. It also 

leads to more work for reviewers 

who must adjust to different 

approaches for presentation. One 

favourable approach has involved 

companies including a “change 

appendix” or protocol in the filing 

describing the criteria to allow 

changes outside of the validated 

operating range. Such protocols 

are advantageous in gaining 

prospective approval and assist in 

planning for additional resources.

AQbD information was submitted 

to several countries and positive 

feedback was received with 

the exception of using ATP for 

greater operational flexibility. 

Regulators preferred the term 

Method Operable Design Region 

(MODR) to Analytical Design Space 

to avoid confusion with process 

and product design space. Some 

of the regulators commented on 

the lack of robustness testing. A 

few of the respondents indicated 

successful filing of AQbD methods 

in the United States, the European 

Union, Canada, and Switzerland 

mainly for marketing applications. 

Authorities responded, asking to 

clarify the information presented. 

For cases where AQbD methods 

were developed for drugs in 

early/mid stages of development, 

the method details were not 

presented in the submission 

documents, and therefore, no 

feedback was received.

The regulatory concerns are best 

summarized in Figure 3.  Five of 

eight respondents (62%) said they 

had not seen method flexibility/ 

regulatory relief as a great value 

from the AQbD information they 

provided. The increased flexibility, 

which was supposed to be gained 

from the analytical target profile 

approach to method registration, 

has not been realized and is likely to 

be a continued area of negotiation. 

The use of method operable 

design regions to gain operational 

flexibility for an individual method 

is also an area that requires clarity 

around regulatory expectations.

With respect to including AQbD 

information in filings, respondents 

were evenly split between those 

who do and do not include AQbD 

information. It was commented 

Experience mixed,
but more negative

than positive

Minimal regulatory
relief

MODR &
operational
flexibility

50% of respondents indicated successful AQbD-based regulatory submissions; either no success
or “too soon to tell” with other submissions that were still in review

Questions were received regarding AQbD information presented; a perception of perhaps more
work than value received from including additional information in the submission

No apparent benefit from trying to include the ATP concept to claim greater operational
flexibility

Use of a “change appendix” (or change protocol) to define acceptance criteria for method
changes outside of MODR or validation space may be beneficial

Inclusion of MODR to gain operational flexibility for an individual method is an area which
requires clarity around regulatory expectations to recognize potential value.

Regulatory reviews suggest preference for the term “Method Operable Design Region” versus
“Analytical Design Space” in submission

Variations in company strategies regarding information content imply potential for more
regulatory planning and document preparation work and possibly more regulatory questions
with limited regulatory benefit

62% of respondents said that they had not received any regulatory relief from the additional
Quality by Design (QbD) information they provided.

Figure 3: Regulatory observations associated with analytical quality-by-design (AQbD) aspects. ATP is 
analytical target profile.
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that the approach was well 

received in the United States, 

Europe, and Japan, perhaps in line 

with the fact that these regions 

adopt new regulatory practices 

more quickly.  However, global 

method changes remain challenging 

as part of an efficient overall 

method lifecycle management 

strategy at the moment.

Summary
In summary, results from a 

34-question survey indicate that a 

majority of responding companies 

have adopted AQbD concepts over 

the past decade.  About half of 

the companies were just starting 

implementation. A clear driver for 

adoption of AQbD principles has 

involved the development of more 

robust analytical methods, and 

adoption of varied tools that enhance 

experimental design and modelling 

are evidence of commitment toward 

that goal. Furthermore, most value 

is found with implementation in 

the late-development stages and 

commercialization portions of an 

asset for best return on investment. 

The results of this survey were 

consistent with a separate informal 

AQbD adoption survey in 2015 of 

pharmaceutical colleagues (21). In 

that November 2015 meeting of 

representatives from approximately 

25 biopharmaceutical companies 

that spanned small-molecule, large-

molecule, and vaccine-related 

organizations, clear interest was 

shown for advanced discussions 

of AQbD principles.  More robust 

analytical methods and enhanced 

regulatory flexibility (average score 

of 4.7 out of 5, with 5 being the 

highest rating) were identified 

as drivers for interest in the 

development of AQbD case studies 

to advance discussions on the topic.

There have been certainly 

technical, business, and regulatory 

hurdles toward implementation. 

While reduced regulatory reporting 

requirements were desired by 

some survey respondents for 

streamlined analytical method 

changes through commitment of 

ATPs in a QbD-based submission, 

that benefit generally has not 

been realized. Current guidance 

from regulatory authorities on 

mechanism and requirements for 

changing analytical methods and 

divergent regulatory requirements 

between regulatory authorities 

continue to challenge efficient 

analytical method lifecycle 

management. Lengthy and 

cumbersome processes exist to 

globally change analytical methods 

post-licensure, and foster lack 

of adoption of modern methods/

technologies even as analytical 

technologies/instrumentation 

become old and obsolete. Despite 

this obstacle, implementation of 

AQbD principles offers a potential 

operational benefit that encourages 

further interest and application.
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he pharmaceutical industry is driven by analytical data. 

New techniques that provide deeper insight are, therefore, 

crucial, whether the goal is to develop smarter formulation, 

more rapid deformulation, or for effective counterfeit detection. 

Morphologically-directed Raman spectroscopy (MDRS) is a powerful 

technique that combines automated particle imaging with Raman 

spectroscopy to efficiently deliver particle size, shape, and 

component-specific chemical identification. Recently highlighted 

by the United States Food and Drug Administration as pivotal to the 

approval of a generic version of Nasonex (mometasone) (1), the use 

of MDRS is growing rapidly as its advantages, applications, and value 

become increasingly widely recognized. 

MDRS uses measurements of particle size and shape—particle 

morphology—to guide the application of Raman spectroscopy 

to chemically identify individual particles. In this way, it delivers 

component-specific particle size and shape distributions for individual 

constituents of a blend or suspension, helping researchers to solve 

complex particle characterization problems (see Figure 1). For example, 

with MDRS, it is possible to: determine whether the size and shape 

of an API has been altered during processing and tablet production, 

measure critical properties of an API within a reference-labelled 

product as part of deformulation, and/or robustly identify contaminants 

during manufacture or as part of counterfeiting detection.

The workflow associated with MDRS can be broken down into 

three stages:

t� Automated morphological imaging of the particles

t� Raman spectral acquisition

t� Chemical identification.

Automated particle imaging captures individual images of tens 

of thousands of particles in a sample within a matter of minutes. 

Dimensions from these images are used to build up number-based 

size and shape distributions to describe the sample. These data 

are often crucial in defining the performance of pharmaceuticals, 

is associate product 

manager, analytical imaging, 

Malvern Instruments Ltd, 

Enigma Business Park, 

Grovewood Road, Malvern, 

Worcestershire, WR14 

1XZ, UK; Tel: +44 (0) 1684 

892456; Fax: +44 (0) 1684 

892789; www.malvern.com.

given that particle morphology can 

influence critical properties such 

as solubility and bioavailability, 

flowability, and processing 

performance. Automated imaging is 

well-established within the industry 

and can be a highly effective tool for 

formulation, process optimization, 

and troubleshooting. Independently, 

however, it cannot differentiate 

morphologically-similar particles. 

In MDRS, Raman spectroscopy is 

applied to chemically identify each 

particle of interest, with particles 

classified and selected on the basis 

of their size and/or shape. Raman 

spectroscopy is suitable for the 

analysis of a wide range of organic 

materials and offers the specificity to 

differentiate closely-related chemical 

species. Typical acquisition times 

are in the order of 5 seconds to 30 

seconds per particle, but the number 

of particles measured is typically 

only a relatively small fraction 

of the sample, reducing overall 

measurement times.

The final step is to robustly identify 

the particles selected, by comparing 

the acquired spectral data with 

reference spectra. The reference 

library may be constructed in-house, 

or the system can interface with 

established spectral libraries, easing 

the confident identification of a 

wide range of substances. A secure 

identification for a specific particle 

population makes it possible to 

generate component-specific particle 

size and shape distributions.

Microscopy can be compared 

to automated imaging alone; 

both deliver size and shape data. 

Automated imaging, however, is 

significantly faster than microscopy, 

which can be time-consuming if the 

number of particles measured is high 

enough to ensure a representative 

Morphologically-Directed 
Raman Spectroscopy: 
Uncovering the Good, 

the Bad, and the Ugly in 
Drug Formulations

MDRS differentiates the API from the product matrix 

and enables measurement of particle size and shape.



Particle Characterization

measurement. Equally importantly, 

automated imaging delivers results 

with minimal manual intervention 

that are consequently independent 

of the operator subjectivity/human 

bias that can impact microscopy 

results. The addition of Raman 

spectroscopy further sets automated 

imaging apart from microscopy by 

conferring the ability to reliably 

detect, differentiate, and identify 

morphologically-similar particles.

Compared to bulk Raman, MDRS 

has the advantage of the potential for 

heightened sensitivity. Because MDRS 

is applied to individual particles within 

a mixture, even very low levels of an 

API or contaminant can be identified 

in the presence of a high-volume 

bulking agent. For example, in a back-

to-back comparison of sensitivity, 

a sample of a powder-based drug, 

dextromethorphan hydrobromide 

(DXM), contaminated at 999:1 

(weight:weight) with baking soda, 

produced spectra of the DXM alone 

with bulk Raman, but was precisely 

characterized by MDRS (2). MDRS  

analysis of the individual particles 

enabled reproducible detection of  

the baking soda “contaminant” 

and its quantification, even though 

the components present were 

morphologically indistinguishable. 

This feature is an advantage 

for contaminant detection in 

troubleshooting applications or 

counterfeiting investigations.

A notable application was recently 

highlighted by FDA, which specifically 

referred to MDRS in information it 

released about its approval of an 

abbreviated new drug application 

(ANDA) for a generic version of 

Nasonex (mometasone), a locally-

acting suspension-based nasal spray 

for the treatment of allergies (1). 

Demonstrating the bioequivalence 

(BE) of a locally-acting product is 

challenging because traditional 

pharmacokinetic approaches based 

on measuring the level of drug in 

the bloodstream are not valid. FDA 

accepted in-vitro data measured using 

MDRS in lieu of a clinical endpoint 

study, with the technique enabling 

measurement and comparison of 

the particle size of the API within the 

formulation both before and after 

delivery. Here, MDRS proved pivotal 

to the success of the submission, 

setting a precedent for other generics 

developers to avoid the expense and 

time associated with a clinical BE 

determination via analogous analyses.

When it comes to formulating 

tablets, a particle size and shape 

specification for the API may be 

set based on the critical quality 

attributes (CQAs) of the finished 

product, such as its dissolution 

profile. Manufacturing the API to 

this specification may be relatively 
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Figure 1: Because morphologically-directed Raman spectroscopy (MDRS) can chemically 
differentiate particles in a sample, it can provide component-specific particle size (and 
shape) distribution data—as shown here for an active and an excipient.

Figure 2: Measurements of the particle shape of an API reveal that blending results in a 
reduction in elongation; this is suggestive of particle chipping (3).
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Particle Characterization

straightforward, but ascertaining 

that size and shape are maintained 

through any subsequent processing 

steps—blending, granulation, and 

tableting, for example—to the point 

of delivery to the patient, may be far 

more difficult. A further successful 

application of MDRS has been to 

investigate how unit operations such 

as blending affect the characteristics 

of the API through measurements of 

the changes in component-specific 

particle size and shape distribution 

associated with different processing 

conditions (see Figure 2). 

Analogous studies are equally 

valuable in deformulation, where 

identifying the APIs present, the 

composition of the reference drug, 

and the physical characteristics 

of key components provides the 

insight needed to understand how to 

replicate product performance.

One further application area 

that can benefit from the unique 

capabilities of MDRS is counterfeit 

detection and investigation. 

Counterfeiting is a major concern 

for the pharmaceutical industry 

because of the threat it poses 

to public health, a company’s 

reputation, and profitability. MDRS 

can be used simply to confirm 

whether an API is present at the 

correct composition and physical 

form. In addition, it can detect very 

low levels of contaminants, and 

physically differentiate API originating 

from different sources. This 

information can provide vital clues 

to the provenance of counterfeit 

material, aiding the investigation and 

prosecution of illegal operations. 

Characterizing APIs in isolation is 

relatively straightforward, but that 

isn’t how they are encountered 

in pharmaceutical products. The 

defining benefit of MDRS is its ability 

to differentiate the API (the ingredient 

of interest) from the product matrix 

and enable measurement. Whether 

the resulting data are used to show 

that a generic product is equivalent 

to a reference-labelled drug, to 

optimize processing conditions, 

to detect contaminants, or to help 

identify the source of a counterfeit, 

the net effect is the same. By 

efficiently generating component-

specific data, MDRS accelerates 

and enhances key activities within 

the industry, and is consequently 

establishing itself as a powerful and 

valuable analytical tool.
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TASI TEST represents a new force in the packaging 

leak detection market by combining 3 industry leaders, 

Bonfiglioli Engineering, Sepha & ALPS.

Our Pharma divisions, Sepha & Bonfig, have 

developed a range of innovative products designed 

to optimise packaging quality control processes in 

a pharmaceutical environment. These product lines 

include state-of-the-art equipment for:

'� P���������#��!�#&���"#���

'� ���" ������"�����&"�"�

'� �!��$�#�����%�!&�

'� P������������$#���"�

For more information contact ����@sepha.com

Visit us at Interpack 2017: 

�������	��#����3 & ������	��#��
�� 

tasitest.com info@sepha.com +44 28 9048 4848



Jennifer Markarian

D
A

N
L
E

A
P

/G
E

T
T

Y
 I

M
A

G
E

S

TROUBLESHOOTING

Automation of stainless-steel systems 

and single-use systems differs in complexity.

Automating 
Bioprocesses

Both upstream and downstream 

biopharmaceutical processes have conventionally 

used stainless-steel equipment, but use of single-use 

systems (SUS) is becoming more established. 

An advantage of SUS is its flexibility—modular, 

disposable components have a lower up-front cost 

compared to conventional equipment, and the 

systems can be more easily replicated for installation 

in different locations to facilitate “in-country” 

production. One of the most significant differences is 

that SUS do not require the clean-in-place (CIP) and 

sterilize-in-place (SIP) systems employed in stainless-

steel equipment systems, which saves initial capital 

costs and the ongoing production time associated 

with cleaning and sterilization. The process control 

and automation requirements of SUS also differ from 

those of stainless-steel equipment. Pharmaceutical 

Technology Europe spoke with Michalle Adkins, 

director of Life Sciences Consulting, and Bill Smizaski, 

vice-president of Global Life Sciences Operations, 

both at Emerson, about considerations for process 

control and automation of biopharmaceutical 

processes.

Automating SUS
PTE: What are the primary differences between 

automating a single-use system compared to a 

system that uses stainless-steel equipment?

Emerson: The complexity of automation is less 

for SUS because fixed, stainless-steel tanks require 

CIP/SIP, which increases the complexity of piping and 

instrumentation. In fact, 60–80% of instrumentation 

in a typical bioprocessing unit operation is associated 

with CIP/SIP, not the process itself.

Although automation of a SUS process is 

simpler, SUS do require more manual interaction. 

For example, tubing needs to be connected and 

operators must make sure that nothing leaks. All 

parts that come into contact with the product 

need to be tracked, including disposable parts and 

reusable parts (e.g., peristatic pumps). Tracking SUS 

parts is also more complex. These disposable parts 

may be irradiated by the vendor. For example, tubing 

sets typically are supplied gamma-irradiated by a 

third party, and sensors are typically precalibrated 

and gamma irradiated. All this additional information 

needs to be part of the batch record. Maintaining 

data integrity and traceability becomes more 

complex.

Another difference is in the sensors used to collect 

data and control the process. SUS employ either 

disposable or non-product contact instruments 

for measuring process control variables, such as 

conductivity, pH, and dissolved oxygen level. With 

traditional systems, sensors were designed to be 

highly accurate, long-lasting devices. In SUS, these 

sensors would be too expensive, because the sensor 

only needs to last for one batch. Disposable sensors 

are available today that are less expensive, but in 

some cases, are not accurate or reliable enough. 

Although advances have been made, there is room 

for improvement. To get the reliability and accuracy 

needed for certain processes, some manufacturers 

are choosing to use traditional sensors inserted into 

the process in a plastic, sterile sleeve; these sensors 

are sterilized for reuse. A new approach is completely 

noncontact—measurements are taken through the 

plastic container rather than inserting a probe into 

the product.

Tracking the data
PTE: How can single-use material data be tracked?

Emerson: Material tracking and linking material 

information to a batch record is part of ‘Level 3’ 

of the ISA 95 model, which includes the definition 

of manufacturing operations management (MOM) 

applications. Manufacturing execution systems (MES) 

“Not integrating individual skids 
... presents challenges with alarm 
management, user security access 
management, and disparate operator 
interfaces.”

—Emerson
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that implement MOM can be designed to 

track both process material consumption 

and generation as well as single-use 

(e.g., tubing, instruments) and reusable 

components consumption for material 

traceability purposes.

PTE: What are some considerations for 

automating the process as a whole rather 

than only at each unit operation?

Emerson: Companies can purchase 

an SUS skid with automation from the 

original equipment manufacturer and 

leave the individual skids as ‘islands of 

automation.’ Others are integrating all 

the skids throughout the plant using 

a distributed control system (DCS), 

while others are using a hybrid of these 

approaches. There are very few standards 

yet in bioprocessing, although over time, 

various options will likely consolidate and 

evolve into standards.

The integrated DCS approach has the 

advantages of providing overall recipe 

management and putting all the data 

collected in to production context at 

the factory level. Not integrating the 

individual skids leaves the production 

execution management and data 

collection isolated and not in the 

context of a recipe as well as presenting 

challenges with alarm management, 

user security access management, and 

disparate operator interfaces.

Continuous vs batch
PTE: What are some of the challenges 

with automating a continuous 

biopharmaceutical process compared to a 

batch process?

Emerson: We are starting to see the 

move to continuous manufacturing in 

bioprocessing, although it is in its infancy 

compared to continuous manufacturing 

of small-molecule drug products. There 

are several licensed products that 

use a continuous perfusion process 

upstream, but downstream continuous 

processing is still evolving. The control 

strategy and automation are important 

in continuous manufacturing. The keys 

to successful continuous manufacturing 

include synchronizing unit operations 

into one process, defining the process 

in such a way to quickly achieve steady 

state, and managing disruptions to the 

process automatically. In addition, good 

process analytical technology (PAT) and 

‘soft sensors’ (i.e., predicting values 

based on modelling) are important to 

ensure product quality. It is important to 

understand how disturbances affect the 

process and the product including how 

residence time would be used to track 

materials during a change or upset in the 

process. The industry is still at an early 

stage, but companies are beginning to 

do multivariate modelling and gaining 

the processing knowledge needed for 

effective continuous manufacturing.

Future trends
PTE: How will the Internet of Things (IoT) 

enhance automation?

Emerson: There are a couple 

components to IoT that are interesting 

for this industry. ‘Smart’ instrumentation 

has been around for some time, but it 

has not been pervasive in this industry. 

However, new data integrity requirements 

are starting a cultural change to use 

more of the data available from these 

devices. For example, a smart instrument 

measures not only the process variable 

it is designed to measure, but it tracks 

and records factors such as drift and 

vibration that can be used to look at the 

health of the device in real time. The IoT, 

as a concept, is a technology enabler to 

this change by making it easier to target 

the right information to the right user 

application. A device with a drift that 

would have a particular alarm meant for 

maintenance but not the operator, for 

example, will be sent to the appropriate 

person to take action.

We are also seeing a greater focus 

in the pharma industry on reliability 

initiatives. Smart devices connected to 

equipment and automation, for either 

stainless-steel systems or SUS, will 

give an early warning and facilitate an 

intervention before a deviation or out-of-

specification condition occurs.

The IoT could also help enable 

continuous process verification (CPV) 

across the supply chain. Companies 

have been moving towards CPV 

rather than annual product reviews. 

Requirements are emerging, particularly 

for biopharmaceuticals, to provide CPV 

across all manufacturing locations for a 

product both internally and externally 

(e.g., at a CMO). PTE

“It is important to understand 
how disturbances affect 
the process.”

—Emerson
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Bosch 

Technologies on 

Display at Interpack 

Bosch Packaging Technol-

ogy will showcase their latest 

solutions for pharmaceutical 

manufacturing operations at 

Interpack 2017. The company’s 

line of manufacturing equip-

ment includes the Solidlab 2 

fluid-bed and drum-coater 

module. The new phase-test-

ing device makes it possible to 

automatically determine the 

stability of liquid, creamy, or 

pasty formulations. Bosch will 

also be showcasing its Xelum 

platform, which combines 

dosing, mixing, granulating, 

and pressing applications con-

tinuously and automatically. 

Bosch will also be display-

ing its TPR 500 tablet press, 

which has an output rate of 

more than 400,000 tablets 

per hour. Additionally, the 

company said it plans to pres-

ent the GKF 2600 capsule filler 

with integrated weighing sta-

tion. The system can process 

products including powders, 

pellets, or liquids at output 

rates of up to 2600 capsules 

per minute. The integrated 

net weight detection system 

(NWDS) automatically corrects 

deviations in the filling vol-

ume for micro dosing and pel-

let filling. In addition, the fill-

ing process is 100% controlled, 

ensuring precise filling results 

without product loss. 

Bosch’s portfolio includes a 

range of cartoning machines. 

The horizontal cartoning 

machine CUT 1405 offers flex-

ibility in the choice of feeding 

systems, formats, and closure 

variants. A CPS module with 

checkweigher and tamper-ev-

ident labelling function serial-

izes the folded cartons. When 

combined with industry 4.0 

technologies such as Bosch’s 

CPI software, customers re-

ceive a serialization solution 

that provides multi-level con-

nection with the company IT.

Wrap-Around 

Labelling 

System for Label 

Application

The compact 152E wrap-

around labelling system from 

HERMA covers a wide range 

of product dimensions and 

can be equipped with the 

complete pharmaceutical 

equipment from the outset. It 

has modules for variable data 

printing, for controlling print-

ing and codes, for checking 

that labels are present, and for 

the corresponding ejection. 

One version of the 152E 

has two variants with a label 

application belt that has no 

format sets whatsoever. This 

version allows for short set-

up times and a performance 

of up to 100 products per 

minute. Higher precision 

can be achieved in the 15E 

version with the roller prism. 

The 15E version handles ap-

proximately 90 products per 

minute

The rotary starwheel no 

longer needs to be replaced 

on both variants through the 

use of a linear concept. With 

the 152E, ejection is effected 

via a box. The new wrap-

around labelling system will 

celebrate its European pre-

miere at Interpack 2017. 

Track-and-Trace 

System with 

Integrated Line 

Manager  

MEDILINE T&T from Atlantic 

Zeiser is a newly developed 

track-and-trace system. 

The system comes with an 

integrated checkweigher 

and tamper-evident labeler. 

The integrated interface 

to the MEDTRACKER soft-

ware allows the process-

reliable serialization of 

filled folding cartons. 

The MEILINE T&T allows 

users to switch quickly from 

different formats or coding 

requirements. The new quick-

change device allows the 

position of the camera and 

printer unit to be changed 

without tools or other compo-

nents in a few steps that take 

only minutes. The transport 

mechanism ensures efficiency 

and safety at extremely high 

throughputs—up to 350 pack-

ages per minute. 

In addition to the inte-

grated line manager, the 

MEDILINE T&T is equipped 

with an interface for the At-

lantic Zeiser MEDTRACKER 

software. This allows central 

allocation, storage, and for-

warding of jobs and unique 

serial numbers and ensures 

reliability. MEDTRACKER is also 

able to communicate with en-

terprise resource planning sys-

tems through open interfaces. 

The MEDILINE T&T is 

equipped with a cartridge-

based printing system and 

reaches production speeds of 

up to 350 folding cartons per 

minute with a print resolution 

of 600 dpi. If required, the 

monitoring camera and sen-

sors ensure reliable ejection 

into a collecting bin that can 

be emptied during operation. 

Another labelling unit, such as 

one for toll stickers or Bollini, 

can be integrated. The com-

pany will be displaying the 

new track-and-trace system at 

Interpack 2017. 

Rommelag 

Showcases New 

Blow-Fill-Seal 

Technologies 

A variety of Rommelag tech-

nologies will be on display at 

Interpack 2017. 

Rommelag Engineering will 

demonstrate aseptic blow-fill-

seal (BFS) filling processes and 

is showcasing the Bottlepack 

bp 434, a completely sealed 

parison with just one rotating 

mould. The Bottelpack pro-

vides safety when filling high-

value products and comes 

with simple format changes. 

Rommelag CMO, the ser-

vice division of Rommelag 

that offers contract filling, has 

also added a new method for 

the filling of temperature-sen-

sitive products to its portfolio. 

Rommelag Flex will be dem-

onstrating new application 

options for transport, storage, 

transferring, and weighing in 

the field of flexible contain-

ment solutions for powders 

and bulk goods including 

Flecofilm, a film approved 

for the pharma industry. The 

antistatic property of this film 

increases product yields. The 

company will also be show-

casing its particle inspection 

machine that enables a 100% 

inline check. This machine 

allows BFS containers to be 

checked fully automatically for 

particles and cosmetic defects.
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Low-Maintenance 

Highly-Reproducible 

Mixing Mechanisms 

At Interpack 2017, Lödige 

will be presenting the FKM 

1200 Ploughshare, a low-

maintenance mixing mecha-

nism, with short mixing times 

providing quality and high 

reproducibility of batches. 

The Ploughshare paddles 

are arranged on a shaft that 

rotate, mixing elements in 

the horizontal, cylindrical 

drum. The Ploughshare mixes 

powdery, granular, or fibrous 

bulk material into three-

dimensional movement. 

Domino to Display 

Array of Printing 

and Labelling 

Technologies 

The recently launched Ax-

Series range of continuous ink 

jet (CIJ) printers are one of the 

technologies Domino Printing 

Sciences will be displaying at 

Interpack 2017. The Ax-Series 

includes the Ax150i, the 

Ax350i, and the Ax550i print-

ers. The i-Pulse print head 

controls individual ink drop 

formation to create drops, 

delivering droplet accuracy, 

placement, and ink usage 

for consistent code quality. 

i-Techx is Domino’s latest 

electronics and software plat-

form. It is designed to elimi-

nate coding errors by enabling 

the smooth integration of the 

Ax-Series into the production 

line and service support envi-

ronment. The F720i is Domi-

no’s latest addition to its range 

of high-speed fibre lasers and 

will also be exhibited during 

Interpack. The F720i is de-

signed to deliver legible and 

durable codes on aluminum 

cans, and with an IP65 rat-

ing. The company will also be 

displaying its range of digitally 

textured labels printed at 50m/

min with the Domino N610i 

digital color label press. 

Admix to 
Showcase Mixing 
Technologies

Admix Europe will be show-

casing several products along 

with new mixing services 

specials at Interpack. The 

company’s Rotosolver high 

shear mixer is a high-speed 

batch mixer for improved dis-

persion and reduced energy 

consumption for volumes up 

to 10,000 liters. Along with 

the Rotosolver, the Fastfeed 

powder induction and disper-

sion system will be on display 

at Interpack. The system wets 

and disperses ingredients, in-

stantly eliminating agglomer-

ates. Proteins, gums, starches, 

vitamins, fiber, sweeteners, 

stabilizers, flavours, and co-

lours are dispersed at rates up 

to 220 kilograms per minute.

The DynaShear inline high 

speed emulsifier disperses 

gums, stabilizers, proteins and 

sweeteners in a single pass, 

delivering batch times in 3–5 

minutes. With flow rates up 

to 40,000 liters per hour, the 

emulsifer delivers product 

with no agglomerates. The 

two-stage rotor/stator ac-

tion allows processors to run 

longer and clean in place less 

frequently. The DynaShear 

prevents clogged strainers 

and extends the life of pumps, 

valves, and seals. In addition 

to this trio of products, Admix 

will also be presenting its Bos-

ton Shearmill wet mill/homog-

enizer, low shear agitators, and 

its BenchMix laboratory mixer.
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ASK THE EXPERT

Susan Schniepp, distinguished fellow at Regulatory Compliance Associates, 

discusses the value of internal audits and how the information gained can be applied.

Q:I am in charge of the internal audit programme at my 

company and am wondering if you have any suggestions 

on how I can make this activity more valuable for my company?

A:Internal audits are part of management responsibilities 

(1–3) and can provide valuable information and offer

many benefits to an organization. The information obtained 

during the audit can be used in many ways to help your 

organization grow and continually improve its operations. 

How you approach the internal audit function will help the 

organization understand the advantages of supporting an 

effective, well-run internal audit programme.

If designed and implemented appropriately, internal audits 

can provide valuable information that can be used to prevent

issues before they become compliance concerns during a 

regulatory inspection. Issues can be identified and corrected 

before the regulatory authorities or current/potential clients 

identify them. If these issues can’t be completely remediated 

before an external audit, a plan to correct them can be 

established and action taken to mitigate them. Having 

corrective actions in place before others identify the issue may 

lessen the impact of the observation and instill confidence 

that your quality system is under control and there is a 

process in place for continuous improvement. In addition, the 

internal audit can be used for training staff and communicating 

valuable information to the organization.

The object of an internal audit is not to pretend to be the 

regulatory authority and show up unannounced but rather 

to work in cooperation with your colleagues to identify and 

solve potential issues. An effective programme establishes a 

partnership between the audit function and the departments 

being audited. The ideal tone for an internal audit should be 

a team-oriented activity that is instructive, informative, open, 

honest, and inclusive. There are several factors that help 

contribute to establishing this tone. One way to set the proper 

tone is to publish the audit schedule in advance and make sure 

the functional areas are informed of the schedule. The audit 

itself should be forward thinking and unlimited in scope. The 

auditors should work with the functional area and talk with as 

many employees as possible to identify the issues of concern. 

Individuals who are responsible for performing the day-to-day 

activities often have the best insight as to what is working and 

what needs to be improved. Excluding them from participating 

in the audit process might result in overlooking a serious 

issue that could come up during a regulatory inspection. To be 

able to get the most valuable information about the potential 

compliance issues facing the organization, internal audits 

should not be judgmental or antagonistic, or have a ‘check the 

box’ mentality in execution. They should also avoid looking 

retrospectively in lieu of looking forward.

The behaviour of the auditors during the audit is also 

important to obtaining valuable information. Auditors should 

be direct and avoid asking questions designed to stump people.

The auditors should take this opportunity to teach by explaining 

why they are asking particular questions and providing the 

regulatory citation for the inquiry. Another important behaviour 

is the ability to listen to the answers to the questions and 

refrain from judging. The auditor should adopt a proactive 

approach to the audit and look at items that are infrequently 

assessed. Above all else, the auditor needs to be friendly.

The exact same behaviour defined for the auditor should 

also be the exact same behaviour displayed by the auditees. 

Auditees should be direct and avoid deflecting or obfuscating 

answers. They also need to be instructive and take the time to 

explain why they do things the way they do them. They need 

to listen to the auditor’s concerns and not overreact to the 

question being asked. They should be proactive and point out 

things of concern and seek advice on how to remediate them. 

Both parties need to remember they are not the enemies, 

rather they are the partners.

Internal audits are a valuable tool for identifying issues 

before others identify them. The information obtained 

during the audit can be used to improve your processes, 

and the audit process itself can be another tool to help 

train employees. If you consider the internal audit as a gap 

analysis for your processes and set a tone of partnership and 

cooperation, you will find that the audit programme and the 

information obtained from it will become a valuable resource 

for the organization rather than an unwanted intrusion into 

operations.
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