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ABSTRACT 

Process Analytical Technology (PAT) is a system for designing, 

analyzing, and controlling manufacturing processes based on an 

understanding of the scientific and engineering principals involved, 

and identification of the variables which affect product quality. The 

PAT initiative is based on the FDA (The US Food and Drug 

Administration) belief that: ―quality cannot be tested into products; it 

should be built-in or should be by design.‖ Process Analytical 

Technologies (PAT) are used to provide and inform timely analysis of 

critical quality parameters with the end goal of improving final product 

quality as well as reducing manufacturing costs, thereby significantly 

benefiting the Pharmaceutical Industry in manufacturing area. The  

potential for improved operational control and compliance resulting from continuous real-

time quality assurance was highlighted as a likely benefit that would result from PAT 

implementation. In this paper, we will start with brief PAT concepts, Introduction, Historical 

view, Regulatory view, PAT tools, Pat implementation and a review of their application in 

the wider pharmaceutical industry. The first steps in an Analytical Quality-by-Design 

(AQbD) method development include understanding the analysis needs (e.g., purpose, 

specificity, sensitivity, cycle time, on-line/off-line, qualitative/quantitative, accuracy, 

precision) and selection of the technique that will meet these criteria. One set of analytical 

tools applied during the development and scale-up of drug substances and dosage forms 

include in-situ analytics, chemometrics and modelling i.e., Process Analytical Technology 

(PAT) tools. Pharmaceutical companies face many challenges and problems while 

implementing PAT into their new and pre- existing manufacturing processes. This article 

discusses the challenges and problem encountered. The scope of this article is to introduce 

the reader to PAT. It, however, is a wide – ranging subject, which is expanding rapidly 
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INTRODUCTION 

The current process analytical technology (PAT) initiative underway within FDA exemplifies 

the latest consortium between FDA and the industry that aims to encourage the concepts of 

quality by design, use of computerized data gathering and evaluation techniques, and process- 

and product-monitoring methods through advanced instrumentation and data evaluation. 

Although this partnership between FDA and the industry is relatively new (2001), methods 

related to PAT such as chemometrics have been studied and have been in use for quite some 

time.Yet, the PAT initiative has raised several questions:What does PAT really encompass? 

Is it a new technology or is it a series of proven scientific principles? How can PAT be used 

in a pharmaceutical operation to gain better process understanding and possibly reduce cycle 

times and associated costs? This article discusses the concepts that embody PAT. Emphasis is 

placed on chemometrics, which is the use of mathematical and statistical models to extract 

and interpret chemical data. 

 

Historogical,  pharmaceutical production involves the manufacture of the finished product, 

followed by laboratory analysis to verify quality of the product. The disadvantages associated 

with this approach are continual process optimization, recurring manufacturing difficulties, 

and the possibility of failed batches. 

 

The Food and Drug Administration (FDA) is inviting discussions throughout the 

pharmaceutical industry concerning a new mode of operation, which will address these 

concerns. This mode of operation is known as Process Analytical Technology (PAT). Process 

analytical technology (PAT) is a key element of the ―Pharmaceutical Current Good 

Manufacturing Practices (CGMPs) for the 21st Century - a Risk Based Approach‖ initiative 

announced by the FDA in August 2002 to improve and modernize pharmaceutical 

manufacturing. 

 

The PAT initiative was first proposed by the United States Food and Drug Administration’s 

(FDA), Centre for Drug Evaluation and Research (CDER) with the objective of achieving 

good health and cost benefits by application of modern process control and tests in 

pharmaceutical manufacturing industries. 
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Quality-by-Design (QbD) is well-established in development and manufacture of 

pharmaceutical drug substance and drug product and is discussed in ICH Q8, Q9 and Q11. 

 

The outcome of QbD is a well-designed and understood quality product that consistently 

delivers the continuous performance. The knowledge obtained during development helps in 

justify the establishment of a design space, (process) control strategy and set point within the 

(regulatory approved) design space. Materials made within the design space will produce an 

acceptable product, and the changes within the design space are (regulatory) acceptable. 

These same principles and concepts have been applied to the development of analytical 

methods, and termed Analytical QbD (AQbD). Analogous to process QbD, the aim of AQbD 

is to design a well-understood, robust method that consistently delivers the necessary 

performance as described in the analytical target profile (ATP). One set of analytical tools 

used in support of pharmaceutical development and control include insitu analytics, 

chemometrics and modelling i.e., Process Analytical Technology (PAT) tools. Process 

analytical technology (PAT) can be defined as ―a system for designing, analyzing, and 

controlling manufacturing through timely measurements (i.e., during processing) of critical 

quality and performance attributes of raw and in-process materials and processes, with the 

goal of ensuring final product quality‖. 

 

This definition (and relation with QbD) has been debated and described in many venues (e.g., 

conferences, social media, article etc.). In these enthusiastic discussions, one point that is 

frequently overlooked is that PAT tools are firmly attached in the pharmaceutical workflows 

that underpin development and scale-up, for both drug substance and dosage forms. The term 

Process Analytical Technology (PAT) was introduced by the US FDA as an initiative to bring 

an improved understanding of pharmaceutical manufacturing processes to increase the quality 

of their products. 

 

Process Analytical Technologies involve the use of raw material properties, process 

monitoring, manufacturing parameters and chemometric techniques to produce finished 

products of acceptable quality and purity. The central point of PAT is to generate product 

quality information in real-time. Process monitoring traditionally involved temperature, 

pressure, flows, pH and other physical parameters, PAT focuses on the use of in-line testing 

using near infrared, Raman, or other physiochemical techniques as a primary means of 

process monitoring. The advantages of PAT are many and varied. The data retrieved would 

provide information on the properties of blends, cores, and other stages in the process. 

http://www.wjpr.net/


www.wjpr.net                                   Vol 4, Issue 12, 2015.                                            

            

855 

Santosh et al.                                                         World Journal of Pharmaceutical Research 

Through the use of probes in the process, uniformity, drying, and mixing endpoints, and other 

targeted stages can be pinpointed to a high degree of certainty. Sampling error would be 

minimized with in-line probes placed strategically throughout the production process. 

 

The first step away from off-line testing (laboratory separated from the production plant), 

would be at-line testing. This is the movement of process testing instrument to the production 

line to provide fast and quality results. One advantage is elimination of the transfer of 

samples which involving time delays. Along with traditional tests such as Dissolution, Assay, 

Friability, Hardness, and Thickness, this could also include accelerated dissolution rate 

analysis, and NIR tablet analyzers. 

 

One approach of process analytical chemistry is on-line testing, which either draws samples 

or monitors periodically. Another mode is known as in-line testing, which places probes in 

constant contact with drug product and formulation. The advantage of on/in line testing is 

better controller of the process. Beyond data such as blending, or drying, the FDA has 

proposed creating on/at-line assurance of dissolution rates using analytical data correlations. 

Near infrared (NIR) is one of the techniques that has gained recent recognition as ameans to 

add on or in-line analysis at the production level. 

 

The near-infrared light does not destroy or react with samples and is able to penetrate into 

and throughsolid samples. While NIR has gotten most of the attention, PAT is not limited to 

NIR but can include many other monitoring instruments, such as Raman, Mid-IR, acoustic 

emission signals, and other imaging techniques Dissolution is the first most important method 

for evaluating solid oral dosage form consistency, and uniformity. Using PAT, processes 

would be under such high control that the dissolution results could be accurately predicted 

well before the drug product and formulation are analyzed. 

 

Research on the correlation between dissolution results and measured process parameters 

would be performed so that the impact of process, raw materials, and finished product 

variables can be understood.  The manufacturing process could be continuously monitored 

and adjustments made to ensure that the finished product would meet the desired specific 

quality and criteria. 

A process is generally considered well understood when 

1. All critical sources of variability are identified and can be explained 
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2. Product-quality attributes can be accurately and reliably predicted over the design space 

established for materials used process conditions, manufacturing, environmental etc 

3. Variability is managed by the process. 

 

The objective for PAT implementation of the following. 

-Better process understanding & Improved yield because of prevention of the scrap, rejects, 

and reprocessing etc. 

- Reduction in the production cycle time by using online/ at-line or in-line measurements and 

control. 

- Decrease in the energy consumption and improved efficiency from conversion of the batch 

process into a continuous process in the manufacturing process Cost reduction because of 

reduced waste and reduced energy and electric consumption in the manufacturing area 

 

MATERIAL AND METHODE. 

PROCESS ANALYTICAL TECHNOLOGY HISTORICAL,BUSINESS   AND 

REGULATORY PERSPECTIVE 

Pharma industry goal is to improve formulations so as to provide patients innovative and 

more efficient solutions, and thus achieve commercial break through. For this, improvements 

in existing technologies are required. The emerging PAT strategy is to guide the drug 

industry in achieving various goals. Process Analytical Technologies involve the use of raw 

material properties, manufacturing parameters, process monitoring, and chemometric 

techniques to produce finished products of acceptable quality. It facilitates and encourages 

the Introduction of innovative approaches. However, it is difficult to consider potential 

technological alternatives without critical review to replace well established techniques. 16 

 

HISTORICAL VIEW OF PROCESS ANALYTICAL TECHNOLOGY (PAT) 

Because they have been used for many years, existingexperimental methods and 

manufacturing processes and quality control parameters are considered well established and 

trusted to generate few difficulty and errors and make only simple contributions to process 

variation and different process parameters. 

 

Historically, pharma lab develops a product, describe the product, improve the quality of 

product, maintain the quality of product for a sufficient time, describe the process materials 

and methods in great detail in the regulatory filing, and validate the process through various 

batches.  The quality of the product would remain consistent as long as nothing was changed. 
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With this data industries are having little pressure to improve manufacturing efficiency and 

rate. 

 

BUSINESS VIEW OF PROCESS ANALYTICAL TECHNOLOGY (PAT) 

To pharma with its paper-based control systems PAT is different technology, but it is old that 

to industries such as food and beverage, petrochemicals and semiconductors etc. US drug 

companies have had the ability to use process control for 20 years, but they have not used it 

because it is more expensive in term of the cost of the equipment, the cost to develop 

qualification, validation and quality systems. There are no industry leaders yet demonstrating 

the value of PAT, so Pharma companies are approaching PAT with uncertainty. 

Although PAT increase production efficiency and rate, this may not be viewed from a 

business standpoint as a strong impetus for change due to the perception that the 

implementation costs may outweigh the return on the investment in various cases, especially 

for small pharmaceutical companies which manufacturing drug product and dosage forms 

that are already struggling with tight or nonexistent margins. With limited available capital, 

equipment, and talented human assets, maximizing asset utilization and return on assets is 

becoming vital to future success and survival. 

 

Although benefits of PAT in the long-term are generally recognized, the short-term 

uncertainty and risk, at least in these early days of the FDA guidance, boil down to how much 

time and resources a company should invest in a pharmaceutical product that faces an 

uncertain future in terms of clinical efficacy, regulatory approval, and commercial success. 

Accounting pros and cons of technology companies should determine when the investment in 

process development does benefits the company and when it does not make any business 

sense. For example, a process step is not under any time constraints, does not represent a 

potential bottleneck, does not consume costly reagents and resources, and does not pose a risk 

of contamination or introduction ofimpurities, and then there may be little justification for 

investing in the monitoring, control, and optimization of that particular process step. 

 

Further available analyzers are not suitable for Pharma industry which requires instrument 

development. The sensors available as analysis tools are not compatible with the process. 

Analyzer dependability, having small expertise in high specialized technology, inadequate 

validation of analyzer/software add with all these makes. PAT associated risks too high and 

creates hesitance over change and remains as big hurdles for PAT implementation. But 

business models are changing and the importance of manufacturing’s role in the financial 
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performance of pharmaceutical companies are important. While the cost of restructuring 

production lines may be daunting to smaller companies, the savings gained from more 

efficient use of resources, reduced waste, faster product approvals and a lower risk of product 

recalls would outweigh the cost to implement PAT. 

 

REGULATORY VIEW OF PROCESS ANALYTICAL TECHNOLOGY (PAT) 

A major contributor to inhibition of PAT adoption is concern over how regulatory agencies 

will react to the technology during a facility review. If the technology requires the agency to 

develop an understanding of the potential impact on the product, this could result in a 

protracted approval of the facility and thus delay the introduction of a new product to the 

market. 

 

Pharma industries are accepting new technology on the R&D side, ―it lags behind on the 

manufacturing side for fear of delaying approval,‖ There is concern within the industry that 

there is lack of worldwide harmonization of regulatory expectations relative to PAT that 

could lead to PAT being accepted by one regulatory agency while another might not share the 

same level of acceptance, resulting in quality control strategies that are specific to a given 

market. However FDA has participated in international conferences as a means of creating 

harmonization on the PAT approach. These types of activities should also be conducive to 

harmonization on the PAT approach. The agency’s intention was not to dictate how 

companies should implement PAT, but rather to create a flexible regulatory process that 

would involve regular meetings with regulators, at which time companies could present and 

discuss individual strategies and innovative approaches. FDA does not intend to inspect 

research data collected on an existing product for the purpose of evaluating the  suitability of 

an experimental process analyzer or other PAT tool. FDA’s routine inspection of a firm’s 

manufacturing process that incorporates a PAT tool for research purposes will be based on 

current regulatory standards (e.g., test results from currently approved or acceptable 

regulatory methods).Also companies are mostly considering utilizing PAT to show that their 

products are okay using existing processes, rather than redesigning and optimizing their 

processes, contends. 

 

The pharmaceutical industry has been hesitant to introduce new technologies and innovative 

systems for a number of reasons one of which often cited is that— in the FDA’s own 

words—―The existing regulatory system is rigid and unfavorable to the introduction of new 

technology.‖ Industry's concern is that an increased amount of process data and cost may 
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highlight problem in a product. The more in depth process assessment by on-line analytical 

measurements may lead to an increased number of products failing to meet their release 

criteria. These same products might not have failed utilizing the current off-line methods of 

analysis. Another concern is redefining the product specifications considering the more 

accurate statistical data provided by on-line measurement techniques. Though PAT is not 

regulatory law, the FDA pretty much insists that it be adopted. FDA introduces guidelines, 

which are not legal documents, but they want you to follow the guidelines in manufacturing 

industries. Numerous analysts have commented that regulatory guidelines have a tendency to 

become laws, and it is probably better for companies to try to stay ahead of the curve by 

taking a proactive stance. 2 

 

BASIS FOR PROCESS ANALYTICAL TECHNOLOGY 

Despite the fact that the FDA’s PAT framework (and guidance) began to take form just ahead 

of the creation of the twenty - first - century cGMPs initiative in 2001, it is well known that 

several of the core concepts were pioneered decades ago by other manufacturing industries 

such as fine chemicals, semiconductors, petroleum, and consumer products etc. The main 

concepts that differentiate PAT from the traditional industrial pharmacy skill set (including 

pharmaceutical and materials science,chemistry, and engineering) are process analytical 

chemistry (PAC) and advanced and novel manufacturing science. 

 

Process analytical chemistry generally describes the science and technology associated with 

displacement of laboratory based measurements with sensors and instrumentation positioned 

closer to the site of operation in to the production area. Although industrial process analyzers 

have been in use for more than 60 years, the modern period of PAC essentially began with 

the formation of the Centre for Process Analytical Chemistry (CPAC) in 1984 , the goal of 

PAC is to ― supply quantitative and qualitative information about a chemical process ‖for 

monitoring, control, and optimization: they went on to define five ― eras ‖ of PAC:1) off line, 

(2) at line, (3) online (4) inline, and (5) non-invasive, which describe the evolution of sensor 

technologies in industries. The industrial PAC movement has been bolstered by two decades 

of advances in materials science, electronics, and chemo metrics etc. Since the inception of 

CPAC the pace of innovation in sensors, instrumentation, and analytics has quickened 

dramatically. The development of more robust, sensitive photo detector materials, micro 

electro mechanical systems (MEMSs), and fiber optics and the perpetual advancement of 

computing power (as predicted by Moore’s law) have both increased the performance and 
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reduced the cost of PAC. As a result, PAC is now a critical part of routine operations within 

the industrial chemistry. 

 

PAT TOOL BOXES 

PAT tools are routinely applied to develop a greater understanding of the process design 

space under a Quality-by-Design (QbD) framework. The use of PAT tools helps enable the 

development of robust processes, processes that are well-understood, with process set points 

that are controlled within design regions that are well-away from the edges of failure. As 

―quality cannot be tested into a product; it should be built-in or should be by design‖ well-

designed and controlled processes may not require routine analytical measurements and 

feedback control during the manufacture. 

 

A PAT tool that measures a critical quality attribute (CQA) may be implemented 

commercially for process control, however there are business drivers and regulatory aspects 

that will contribute and help to a final control strategy. Many on-line tools are routinely 

applied to monitor measure or control processes. Commonly used PAT tools that are well-

integrated and routinely used in manufacturing include thermocouples and pressure sensors. 

Spectroscopic tools near infrared, mid infrared, Raman are utilized due to the specificity 

gained by the presence of functional groups routinely found in raw materials, intermediates 

and drug substances that are often not part of the matrix. 

 

This specificity can allow for qualitative trending or the quantitative determination of the 

component of interest. Many tools are routinely applied to develop and understand the 

synthetic route. The choice of tool will be dependent upon the type of information required, 

timeframe of analysis, reaction matrix and chemical reactivity of the analytes of interest. 

Typical information desired will include rate of product formation (or reactant loss) and 

formation of impurities (from side reactions or chemical degradation). Measurements 

performed during isolation will include solvent levels, particle size/shape and polymorphic 

form. The resultant material may be milled if the particle characteristics are not appropriate 

for downstream processing. The finished API is subsequently put into a dosage form 

manufacturing process. Analogous to the first step of the API process, the first step is to 

confirm the identity of the ingoing dosage form materials (excipients and API). An added 

aspect of the dosage form identity test is an assessment of physical properties (e.g., particle 

size). NIR is often used to confirm chemical identity and physical properties. The tableting 

process is made up of a series of blending/ mixing/lubrication steps followed by compression 
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and film coating. In the early process steps, the homogeneity of the mixture is most 

important, and NIR is often used to determine homogeneity. During granulation steps, 

evaluation of polymorphic form change and wet granulation end point are commonly tested. 

Once the tablets are compacted, potency assessments are made of the finished product, and 

NIR and Raman are the most often employed spectroscopic tools. The types of coating 

measurements are dependent upon the film coat type, functional or elegance. Film coatings 

can be assessed for weight gain, or spectroscopic tools (e.g., terahertz, chemical imaging etc.) 

can be used to determine thickness. 

 

API PAT EXAMPLES 

Raman and mid infrared (MIR) spectroscopy are complementary techniques. Both have 

found widespread use in the development and scale-up of API. For example the reaction of a 

thiol dosed into a bromobenzene compound. Raman was chosen for this reaction, as there is a 

strong band at 292cm-1 (CBr vibration). Monitoring at 292cm-1 will show the debromination 

of reactant as it is consumed (either degraded or reacted) to form product38. The S-H band 

can also be monitored by Raman during this reaction. By monitoring at 2582cm-1, the 

addition of reactant can be monitored followed by its consumption.40 In this case, following 

the consumption of both raw materials, the endpoint can be determined and adjusted during 

process refinement. The Raman trend tells the chemist the reaction is dose controlled, and 

rapid. The entire reaction takes approximately 5 minutes from reactant addition to reaction 

completion. 

 

DRUG PRODUCT CONTENT UNIFORMITY (CU) 

NIR is used for dosage form potency assessments (content uniformity testing) and Raman is 

also finding use. 41 The samples can be evaluated by qualitative trending, or a quantitative 

determination can be made. 42 As NIR is sensitive to both chemical and physical properties 

of the material, appropriate variance must be built into the model prior to use, and diagnostics 

used to ensure the test material falls within the model. 43 Calibrator tablets are generated for 

the purpose of systematically adding the variance to the model. 46 Typical sources of v Drug 

gariance will include API percentage, hardness, weight, water content, and excipient source. 

 

 

 

DRUG PRODUCT BLEND MONITORING 
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The spectral homogeneity of blends can be easily monitored using near infrared (NIR) 

spectroscopy. 47 Note that the level of the API rapidly comes to steady state (spectral 

homogeneity) for all blends within approximately 75 blender rotations. With the NIR 

spectrometer, other components can generally be monitored as well. Although the uniformity 

of the blend is critical for a quality dosage form, blending is seldom a quality concern 

requiring the routine use of an on-line tool. The use of PAT is useful for fault detection and 

identification of root causes if manufacturing issues occur. 46 

 

WATER CONTENT 

NIR has very good specificity for water, and has found widespread use for this analysis. 49 If 

technically feasible, the same spectra used to confirm tablet identify can be re-purposed for 

the determination of water content and also tablet potency. The ability to rapidly test for 

tablet identity, potency and water content has contributed to real time release testing (RTRt). 

The data can be used for trending the water content in each vial, or with the creation of a 

calibration curve developed using a reference method (e.g., Karl Fischer), quantitative data 

for each vial. This type of non-destructive testing has significant advantages over destructive 

methods as the materials can subsequently be evaluated by other analytical methods. 

Consequently, this allows a 1:1 correlation of water data with another attribute (for instance 

purity). 

 

FEED FORWARD CONTROLLERS 

Raw material variability can be a significant factor to product variability in the absence 

process adjustments to account for this variable input. 

 

The use of feed forward controllers can allow for the adjustment of the process within the 

design space to compensate for (or reduce the impact of) the raw material variability on the 

final quality attributes of the product. 

 

This can be done prior to the initiation of the process (which differs from feedback 

controllers which modify process conditions based upon observations (measurements) during 

the process. 

 

In the course of the development of the process, the impact of the raw materials can be 

assessed along with the process understanding DoE studies to achieve a correlation between 

the raw material attributes, process parameters and product quality attributes. 54 
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This PCA can be used to select material lots with differing properties for inclusion into DoE 

studies. Via development of simulators, process parameters can subsequently be simulated to 

minimize the resultant product variability prior to initiating the manufacture. 

This approach can be utilized to reduce lot to lot product variability without the incorporation 

of in-situ analytics during the manufacture. 

 

IMPORATANCE OF PAT 

Cost control, resulting partly through more efficient production processes, and partly through 

the minimisation of the necessity of final discard (or reprocessing) at the QA final test point, 

is an important justification for exploring pat .in a world in which financial issues have 

entered a triage of decisions, cost control has become tightly entangled with patient treatment 

and cure, PAT brings other important advantages, however PAT also carries the future 

promise of new methods of production. Continuous monitoring allows more controlled 

processes and a finer control of interim production steps. In vaccine production and protein 

separation technologies, the continuous monitoring of PAT could potentially enhance the 

speed and quality of end- product preparation. 

 

As a direct consequence of the "cGMPs for the 21
st
 Century" initiative, the pharmaceutical 

industry is experiencing pressure from the regulator to address concerns around limited 

process understanding, process inefficiencies and continuous process improvement through 

the adoption of PAT. Since FDA released its PAT initiative, few pharmaceutical companies 

are willing to talk about their efforts to implement PAT. 

 

To encourage industry for PAT implementation FDA introduced the "safe harbor" or 

"research exemption" concept which is designed to encourage the industry to investigate tools 

that will provide increased process information without the fear of having a negative impact 

on the ability to release products that meet all aspects of the company's current quality control 

strategy. 

 

Scientists at Sigma-Aldrich Biotechnology used a DOE approach to develop a cell culture 

medium optimized for a variety of Chinese hamster ovary (CHO) cell lines, which 

biopharmaceutical firms use to produce protein-based biologics. The researchers used 

statistical software to identify the best-performing culture media in their arsenal and develop 

methods to further increase cell growth and productivity It is a highly selective method 
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that allows researchers to easily and accurately determine the active pharmaceutical 

ingredient (API) content of a formulation while largely ignoring the physical parameters of 

the samples or sampling conditions. 

 

PAT  IMPLEMENTATION 

Key difference between current practices in pharmaceutical manufacturing and a PAT 

approach. 

-The use of novel analytical technologies and process. 

-The establishment of multifactorial relationships between materials, process and 

environmental conditions, and an understanding of the consequences of these relationships 

for product quality and process robustness in manufacturing areas. 

-The use of knowledge management tools. 

 

Four key elements in PAT implementation 

1. Building a science – based knowledge base complete process understanding at the 

mechanistic and firstprinciple level 

2. Process monitoring and control determination of critical process parameters and critical 

quality attributes and selection of measurement, analysis and control mechanisms to adjust 

the process to provide the predicted quality of the product. 

3. Validation of PAT system. 

4. Regulatory strategies. 

 

1.BUILDING A SCIENCE – BASED KNOWLEDGE BASE 

The PAT guidance emphasizes the need to develop a deep understanding of the underlying 

scientific principles behind pharmaceuticals manufacturing processes to determine the 

parameters critical to process and product quality. The knowledge base provided by the PAT 

approach is valuable in three main ways. 

-It is a foundation for robust process and product Design 

-It facilitates continuous learning throughout the product 

-It is supports and justifies flexible regulatory paths 

for innovative new approaches.life cycle 

 

Examples of sources of variation 

-Variation in the raw material supplier manufacturing processes that impact the chemical and 

physical attributes of the supplied materials 
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-Time based variation in manufacturing performance (e.g., between equipment maintenance 

events). 

 

2. PROCESS MONITORING AND CONTROL 

The understanding of the interaction between process and product is the basis for the design 

of the process monitoring, process control and QA strategies used in manufacturing PAT is 

an integrated approach in which the results obtained from the real time analysis of critical 

process control points are used to control the process in some way. During manufacturing, 

process parameters are adjusted (within clearly defined limits) to produce the desired product 

quality attributes at the process end point. 

 

3. VALIDATION OF PAT SYSTEM 

The validation plan for a PAT system will typically include the validation of 

-Software packages for data analysis 

-Process analyser hardware and software 

-Process control software 

-IT systems for the management, storage and backup of results 

 

4. REGULATORY STRATEGIES 

A PAT policy development team of four subject matter experts has been established to work 

with industry to facilitate discussion on proposed pat approaches at an early stage and support 

FDA’s sciences and risk based approaches to PAT. PAT is a joint initiative of the centre for 

Drug Evaluation and Research (CDER), Office of Regulatory Affairs (ORA) and the Centre 

for Veterinary Medicine (CVM) within the ―cGMPs for the 21st Century‖ framework. 

 

PAT APPLICATION IN THE PHARMACEUTICAL INDUSTRY 

Innovations in the process analytical chemistry (process analyzers) and in our ability to 

capture and analyze large amounts of data have served as the key drivers for adoption of PAT 

in the pharmaceutical industry. 

 

The key feature of PAT is that quality is built into the product, rather than being tested before 

release of product. 

The PAT framework comprises risk management, at/online sensors that assist in monitoring/ 

controlling/designing of the process and prediction of process performance.68 A variety of 

analytical techniques have been used in the pharmaceutical industry, including Fourier 
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transform infra-red spectroscopy (FTIR), UVspectroscopy, gas chromatography, high 

performance liquid chromatography (HPLC), X-ray diffraction spectroscopy, and NIR 

spectroscopy. 

 

 

Figure 1 illustrates a typical tablet manufacturing process in a pharmaceutical process. 

 

PSD: Particle size distribution; T: Temperature; DW: Dry weight; PI: Product impurity. 

Figure 1: The different unit operations that comprise a typical pharmaceutical process. Each 

step can potentially benefit from implementation of one or more PAT applications. 

 

Table 1: Examples of PAT applications in the pharmaceutical industry. 

Application 
Process 

analyzer 
Statistiacl  tool Observation 

Rapid, accurate and continuous 

tablet identification 

Acoustic 

resonance 

spectroscopy 

Principlecomponents 

Analysis (PCA) 

A fast and non-destructive method 

for on-line analysis and label 

comparison before shipping, to avoid 

mislabelling ofdrug. 

Evaluation of content 

uniformity for low-dose tablets 
NIR PCA 

NIR/PCA was used to predict 

content uniformity of low-dose 

tablets manufactured by a direct 

compression process. 58 

Determination of content of 

uncoated pharmaceutical 

Pellets 

Near infrared 
Partial leastsquares 

(PLS) analysis 

NIR method was developed and 

validated for determination 

of active content ranging from 80-

120% of the usual active 

content of the uncoated 

pharmaceutical pellets 

Roller compaction process of 

dry Granulation 

Thermal 

effusivity 

measurement 

using the 

effusivity 

sensor 

- 

Effusivity measurements were used 

to monitor the roller 

compaction process. 

Mechanical property Air-coupled Iterative Examination of the vibrational 
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determination of the tablet 

containing drug 

excitation 

and laser 

interferometric 

detection 

computational 

technique 

resonance frequencies can 

be directly correlated with the 

mechanical properties of the 

tablet providing a non- destructive 

technique for physical 

characterization of the tablet. 

Powder flow characterization NIR PLS 

Real time information on the flowing 

cohesive powder 

Mixture was used to avoid powder 

segregation or 

agglomeration and thus to maintain 

product quality. 62 

Analysis of sustained-release 

tablet film coatings using 

terahertz pulsed imaging (TPI 

Terahertz 

pulsed 

spectroscopy 

(TPS) 

- 

Tablet coating thickness, coating 

reproducibility, 

distribution, and uniformity can be 

easily determined. The 

method was validated against optical 

microscopy imaging 

NIR measurement of the 

potency of an API 
NIR PLS 

Potency of heparin active 

pharmaceutical ingredient was 

determined by this non-destructive 

method. 

Active drug identification and 

content determination 
NIR PLS 

NIR method was used for qualitative 

and quantitative 

determination of ranitidine in 

granules for compression, 

cores, and final tablet. 65 

Monitoring capsule 

manufacturing 

at small-scale level 

NIR PLS 

PAT was utilized for testing of 

identity and quality of raw 

materials, for blend uniformity 

analysis, and for final 

content analysis of busulfan 

pediatric 

Capsules. 66 

Analysis of liquid formulations 

containing sodium chloride 

Laser-induced 

breakdown 

spectroscopy 

(LIBS) 

PLS 

Method does not need any sample 

preparation and it is less 

time-consuming. 

Quantification of the active 

ingredient in pharmaceutical 

injectable formulations 

NIR and UV–

visible 

spectroscopy 

PLS 

More economical and less time-

consuming and more 

beneficial method for quantification 

of the lysine 

clonixinate 

Prediction of dissolution for a 

sustained-release dosage form 
NIR PLS 

This method was used to identify 

differences in the 

composition of the coating polymers 

used for a tablet and 

thus assist with prediction of 

dissolution behaviour and 

process. 69 
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It is seen that PAT approaches could be applied to the various unit operations in the process: 

dispensing, blending, milling, compression, and tablet coating and packaging. NIR provides a 

means of quick and reliable testing of raw material quality such that only those raw material 

lots that meet the required specifications would be used during processing. In-line 

temperature monitoring of the performance of the extrusion step could be used to control the 

step via a feedback loop to the heating/cooling system that controls the temperature. Further, 

particle-size distribution will be continuously monitored during milling for  process 

consistency and controlled via feedback or feed forward control. The weight, thickness, 

potency, and hardness will be tested at line at the tablet press for continuous quality 

verification and feedback control of compression. This approach will enable both increased 

process understanding and process control in manufacturing. Table reviews some recent PAT 

applications in the pharmaceutical industry. Include process analyzers, NIR is the most 

popular and is used in a diverse set of applications including estimation of active content 

powder-flow characterization, raw material analysis, and dissolution rate. Some other 

analyzers that have been reportedly used include acoustic resonance spectroscopy, air 

coupled excitation and laser interferometric detection, terahertz pulsed spectroscopy, 

effusivity sensor, and laser-induced breakdown spectroscopy. It is evident from the diversity 

of the analytical tools that are available and their capabilities that a part of the vision outlined 

in Fig. can be realized, i.e. the process can be designed such that at the end of each step, 

assurance can be provided that the step performed its function in a satisfactory manner. 

However, examples of using the information from the analyzers to change the operating 

conditions and bring the process back in control are not too common and creation of such 

control schemes is likely to be the focus of the pharmaceutical industry in the future. 

 

PAT APPLICATION AT FOLLOWING SITES 

-RM Testing (warehouse based) 

-Packaging Components 

-Blending (at- line or on- line) 

-Drying 

-Tableting (potency and CU) 

-Encapsulation (Coating thickness) 

-Packaged product 

-Equipment cleaning 
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-Equipment cleaning (surface monitoring). 

 

CONCLUSION 

The aim of a PAT approach should be to implement robust processes that are flexible enough 

to accommodate a defined level of variability in process materials (physical and chemical 

attributes) through adjustment of the process conditions. A knowledge base created through 

the collection, analysis and evaluation of research, development and manufacturing data 

facilities the justification for a science and risk based approach to analytical method 

validation and process monitoring and control. As can be seen in the above discussion, the 

use of PAT techniques can be a huge benefit to those who choose to use the technology. 

Process Analytical Technology provides better knowledge of raw materials, manufacturing 

parameters and their impact on finished product quality. This will result in a more robust 

process, better products, more uniform dissolution results, and a huge cost savings for the 

manufacturer. The challenge that dissolution scientists face is to become familiar with this 

next generation of pharmaceutical testing and its potential applications in pharmaceutical 

testing. that dissolution scientists face is to become familiar with this next generation of 

pharmaceutical testing and its potential applications in pharmaceutical testing. 
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