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WELL-KNOWN CONCEPT

Quality by Design (QbD) is defined in 

ICH Q81 and ICH Q112 for pharmaceuti-

cal development and manufacturing. It is 

“a systematic approach to development 

that begins with predefined objectives 

and emphasizes product and process un-

derstanding as well as process control, 

based on sound science and quality risk 

management.”1 

At Hovione, QbD is widely applied and 

the company has received approvals from 

regulatory authorities for products de-

veloped using a QbD approach. Because 

analytical method development occurs 

alongside process development, it seemed 

natural to extend QbD to this activity. 

WHY QBD FOR ANALYTICAL  

METHOD DEVELOPMENT?

Analytical control is crucial to the success 

of drug development and manufactur-

ing programs from the earliest discovery 

phases through process development to 

commercialization. Appropriate and ef-

fective analytical methods provide infor-

mation on the impact of process changes 

on the quality of pharmaceutical products 

and play a vital role in decision-making. 

Therefore, the quality of analytical meth-

ods must be assured throughout their life 

cycle (development, validation, transfer 

and routine use).

Traditionally, the analytical method 

steps (development, validation, transfer 

and routine) are considered as separate 

entities and there is no focus on gaining 
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deep method understanding. Typically 

this approach leads to methods that pres-

ent a narrow knowledge space, robustness 

issues and high risk of failures through 

their life cycles. For that reason, it is be-

coming a trend in the pharmaceutical in-

dustry to apply a life cycle management 

approach to analytical method lifecycles 

in order to enhance method understand-

ing through the application of structured 

and scientific approaches. Herein is de-

scribed the application of QbD to analyti-

cal method development.6,7 

Application of QbD to analytical method 

development as part of life cycle manage-

ment enables the use of well-known tools/

concepts already employed during manu-

facturing process development. This new 

analytical mindset, known as Analytical 

Quality by Design (AQbD), provides greater 

process knowledge while enhancing deep 

method understanding and results in the 

development of robust methods that are 

compliant throughout their full life cycles.3

A structured and scientific approach, 

AQbD typically starts with the definition 

of the Analytical Target Profile (ATP) con-

cept, which should state the performance 

requirements for the analytical method 

based on the selection of an appropriate 

technology. Through the application of 

prior knowledge and an initial risk assess-

ment, it is possible to evaluate and priori-

tize sources of variability that may affect 

method performance. Design of experi-

ments (DoE) can be used as a systematic 

tool to understand the real impact of each 

variable. This process results in the defini-

tion of a planned set of operational con-

trols referred to as the Analytical Control 

Strategy (ACS) that is designed to reduce 

and control all sources of variability.6 

Rather than looking at one factor at a 

time (OFAT), which typically involves op-

timization of one factor while the others 

remain constant, AQbD introduces mul-

tivariate analysis. This approach allows 

an overall understanding of method per-

formance based on the multidimensional 

combination and interaction of these fac-

tors to be obtained, and leads to the defini-

tion of the optimum design space. 

The greater the understanding of the im-

pact that changes in some method parame-

ters have on the analytical results obtained 

when using this structured and scientific 

approach, the fewer the resulting failures. 

As such, methods that are more robust 

and reliable are therefore fit for purpose 

throughout their life cycles. 

BENEFITS OF AQbD

In addition to more efficient development 

of a more robust method, AQbD provides 

greater regulatory flexibility, because re-

sults that fall within the well-defined de-

sign space are not considered to be chang-

es in the method.4 Furthermore, because 

there is a greater understanding of these 

methods, the number of failures (out-of-

trend (OOT) and out-of-specification (OOS) 

results) and transfer issues that occur over 

the life cycle of the method are often re-

duced.5 For commercial processes, the 

high quality of the data provided by AQbD 

methods may allow for more timely data 

release, reduced regulatory risk and lower 

costs.5 Overall, therefore, AQbD is a pow-

erful strategy for method development 

that leads to better, faster, greener analyti-

cal methods that reduce costs and enable 

resource optimization.

SCIENTIFIC AND STRUCTURED APPROACH

At Hovione, the overall AQbD process flow 

for analytical method development is di-

vided into three stages. (1) Method Design & 
Development, where method performance 

requirements and goals are identified by 

a multidisciplinary team, and a technology 

is selected that complies with these goals.

(2) Method Understanding, which includes 

gaining knowledge about the method to 

understand how potential sources of vari-

ability such as critical method parameters 

(CMPs) may impact the method perfor-

mance characteristics or key performance 

requirements (KPRs) and critical method 

attributes (CMAs) using risk assessment 

tools; definition of an experimental strate-

gy in which the multidimensional combina-

tion and interaction of CMPs are defined 

using DoEs, resulting in a space where it 

is possible to assure method performance, 

known as the method operable design re-

gion (MODR); and selection of the working 

point, normal operating ranges (NOR). (3) 
Risk Mitigation, where potential causes that 

may affect method performance during 

its life cycle are identified and eliminated 
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based on the method understanding ob-

tained during the development work. At the 

end, an ACS is defined in order to reduce 

and control all sources of variability. 

From Hovione’s perspective, this ap-

proach will provide regulators and cus-

tomers with a clear explanation regard-

ing the choice of method and how it was 

developed. In addition, AQbD is valuable 

because it allows for the development of 

robust methods that can be used through-

out the product life cycle. Improvement of 

analytical methods based on performance 

is becoming a compliance expectation. 

With methods developed via AQbD, the im-

pact of possible changes over a method’s 

lifetime has already been considered, so 

the need for changes is minimized.

CASE STUDY: RP-UPLC  

METHOD DEVELOPMENT

Reversed-phase liquid chromatography 

(RP-LC) is the most widely used analyti-

cal technique in the pharmaceutical in-

dustry, and thus it is well understood. At 

Hovione, due to technology advances, 

high-performance liquid chromatography 

(HPLC) methods are being transferred to 

ultra-performance liquid chromatography 

(UPLC) methods. UPLC is a similar but 

much faster technology than traditional 

HPLC. It also provides better chromato-

graphic resolution and more sensitive 

analyses in less time, with reduced solvent 

consumption.8 The combination of this 
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faster technology with AQbD is becom-

ing a powerful tool for analytical method  

development activities at Hovione. 

 In one particular example, a customer 

brought a process to Hovione that required 

seven different HPLC analyses for seven 

different compounds using four different 

methods. Each analysis had a run time of 

approximately 30 minutes (at a flow rate of 

1 mL/min). Method redevelopment was pur-

sued with the goal of identifying one robust 

and reliable method for all intermediates. 

AQbD was applied in this case.

 The process began with the definition of 

the ATP, which consisted of a single meth-

od that could accurately quantify the drug 

substance and all intermediates to support 

decision-making for each step of the manu-

facturing process. This was in order to en-

sure that the final product was consistently 

within specifications. After considering 

the performance requirements, as well as 

business and technology drivers, RP-UPLC 

with a photodiode array (PDA) detector was 

selected as the technology of choice.

 Through a knowledge-gathering pro-

cess, all available information relating to 

the structures of the molecules was evalu-

ated, such as pKa values and polarities. 

This information aided in selection of the 

most approriate column and pH range. 

CMAs of critical resolutions, least peak 

retention time, peak shape and signal-to-

noise ratio, and potential CMPs were iden-

tified and an initial risk assessment was 

performed. During this process, each CMP 

was scored based on its potential to affect 

the CMAs, and this information was used 

to determine which parameters should 

be evaluated and when. As an output, the 

more appropriate experimental strategy 

was defined. The MODR was established, 

providing increased knowledge of method 

performance and leading to robust operat-

ing conditions for routine use (the NOR). 

The method was then assessed to ensure 

that it complied with all of the performance 

requirements when operating in the NOR.

 At the end of this process, a single ro-

bust UPLC method was obtained to con-

trol and monitor all seven compounds, re-

placing the initial four HPLC methods and 

reducing analysis time by approximately 

70%. The combination of UPLC and AQbD 

is a powerful tool for increasing produc-

tivity and reducing solvent and energy 

costs, while still providing for increased 

method understanding. Therefore, this 
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approach results in more efficient, envi-

ronmentally friendly and cost-effective 

analytical methods.

 Overall, quality by design is a good 

fit for analytical method development 

because it involves such a structured 

and scientific approach. This well- 

understood and systematic tactic makes 

it much easier to discuss why and how a 

method was developed with customers, 

including chemists, engineers and others  

involved in the development process. P  
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