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ABSTRACT 

Risk Analysis is one of the essentials of Process Analytical Technology (PAT) being adopted in the Pharmaceutical Industry 
as per the new guidance of the FDA. Under PAT, the quality is designed into a Pharmaceutical product, rather than estab-
lished by testing of a finished batch. The traditional spreadsheet analysis of quality outcomes does not give any probability 
information on quality. In PAT, the critical product quality variables are identified from the historic data. Crystal Ball® soft-
ware is run on critical parameters to build Monte Carlo simulation models.  The simulation model provides probability data 
for almost all possible outcomes by analyzing the statistics of simulations .  The probability of quality in the final product can 
be predicted with confidence. 

1 INTRODUCTION 

Pharmaceutical development and manufacturing has not changed its fundamental paper-based infrastructure for decades. The 
regulatory requirements were not very encouraging to make such a change. Until recently, the Pharmaceutical Industry and 
FDA were not falling into line with respect to utilizing innovations into manufacturing processes to bring the Pharmaceutical 
sector into the twenty-first century. The US Pharmaceutical Industry currently spends approximately $90 billion on manufac-
turing  (Helfrich, 2005). By improving manufacturing efficiency by 5%, the industry could save over $4.5 billion annually.  

Leading pharmaceutical companies, generic and contract manufacturing organizations have prioritized programs de-
signed to eliminate the routine, non-value-added tasks through automation. The foremost Pharmaceutical companies are now 
adopting a new approach to automating compliance by utilizing innovative technologies and building quality into the prod-
ucts. Under the new paradigm, the focus is to reduce risk and to provide higher productivity and improved quality. The auto-
mations allow us to manage data across the entire Pharmaceutical Industry-within a plant itself (intraplant) and from plant to 
plant (interplant). 

The uncertainty regarding a situation indicates risk, which is the possibility of loss, damage, or any other undesirable 
event.  Low risk strategies translate to a high probability of success, profit, or some form of gain. The 2004 risk-based regula-
tory approaches under Process Analytical Technology (PAT) recognize the level of scientific understanding of formulations 
and manufacturing process factors affecting the product and quality performance and the capability of process control strate-
gies to prevent and mitigate the risk of producing a poor quality pharmaceutical product.  

The objective of PAT is to improve understanding and control the manufacturing process, which is consistent with our 
current drug quality system: quality cannot be tested into products, it should be built in or it should be by design. The in-
creased emphasis of PAT on building quality into products allows us to have more focus on multi-factorial relationship 
among raw materials, manufacturing processes, and their impact on quality. This is a basis to understanding the relationship 
among various critical process and formulation factors and developing effective risk mitigation strategies. A desired goal of 
PAT is to design and develop processes that will ensure a predefined quality at the end of the manufacturing process. To ob-
tain this target all critical sources of variability are identified and explained; the variability is managed by the process and 
product quality attributes which can be accurately and reliably predicted over the design space established for the materials 
used, process parameters and manufacturing conditions. 

The formulation of a drug involves complex coordination of a variety of physical, chemical, and biological factors and 
processes (Willis, 2004). Thus, any practical efficiency improvements will incorporate a knowledge base that contains a sci-
entific understanding of how these variables interrelate and a means of applying this knowledge to different formulation sce-
narios. The design-of-experiment (DOE) evaluations are critical to the success of PAT. 
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By analyzing current methodologies and results in a systematic and statistical manner, pharmaceutical manufacturers 
will build a database of practical experiences that will enable them to simulate and test new processes. This informatics-based 
approach will allow Pharmaceutical companies to identify the variables that are most critical to the final desired product and 
its behavior, to decide where they need to insert controls into the process, and discover the factors that control sample degra-
dation. 

2 CONTENT UNIFORMITY 

Content Uniformity is a measure of the variations in the amount of active ingredient in individual units comprising a batch 
(Murphy, 2003). It is not always possible to obtain absolute homogeneous mixing of the drug with the excipients. Factors 
such as different densities, different particle sizes and different shapes contribute to different settling tendencies and flow 
characteristics, which causes variations in the content uniformity. In the formulation of Product A, we use API, Dextrate, 
Silicon Dioxide and Magnesium Stearate. Dextrate acts as excipient or filler and is directly compressible tablet diluents, 
while Silicon dioxide acts as a glident and Magnesium Stearate is a lubricant. The 500 mg strength Product A is made in 
batches of 260,000 tablets. We made about 125 batches in 2006, some of which failed because of out of specification Content 
Uniformity. 

The blending of active pharmaceutical ingredients (APIs) with various excipients is a common step in the solid dosage 
form manufacturing process. Typically, the API in the compressed blend is analyzed in the finished dosage form for potency 
and content uniformity. For existing formulations, we ensure that both the active and excipients are uniformly distributed 
throughout the solid dosage form. But each pharmaceutical product has a distinctive blend of API and excipients and thus 
each blending operation is also unique.The homogeneity of the blend is critical in defining the uniformity of dosage units 
within a batch of tablets, especially in the case of direct compression products. Pharmaceutical Scientists recognize that it is 
unlikely that content uniformity of the dosages form is achieved unless the blend is mixed to a uniform level (Brush, et al., 
2006). In a recent proprietary study, 48% of the variations in manufacturing processes were attributed to blending as a major 
cause. 

Blend uniformity is addressed in the Current Good Manufacturing Practices (cGMP) regulations and drug approval 
programs. Section 211.110 of cGMP requires manufacturers to establish control procedures that include adequacy of mixing 
to assure uniformity and homogeneity. The regulations, however, do not specify the blend testing approach, nor the 
particulars as to the acceptance criteria, limits, or methods for the testing. The FDA (61 FR 20103) implied the need for blend 
uniformity testing of all routine manufacturing batches to make certain that a high level of quality was maintained throughout 
a process, and not just upon completion of the final product 

The content uniformity of a Pharmaceutical product is proportional to its blend uniformity. If during blending of raw ma-
terials, the blend uniformity is not achieved, the final product is liable to fail in its content uniformity. Product A is more 
problematic in achieving blend uniformity than most other pharmaceutical products because of various factors chiefly the dif-
ference in the particle sizes of API and excipient. But why does most of the Product A,  production meet the specifications of 
content uniformity while only some of total production has failed content uniformity? There are various factors, which are 
not the same on every batch. These factors are the risk factors causing failed content uniformity of Product A, the risk factors 
that contribute to failed content uniformity are given below: 

 
• Particle size differential between API and Dextrates: for API, the largest particle size is of 90 microns while the 

largest particle size of Dextrates is of 1100 microns 
• The percentage of API in Product A formulation is very high as compared to the percentage of API in the formula-

tions of other Pharmaceutical products 
• The correlations between the particle size of API and excipients are not accounted for 
• The interactions among other parameters of raw materials like moisture content, assay of API are not accounted for 
• The formulations of Product A is not adjusted as per the interactions among the parameters of raw materials 
• The process parameters are not adjusted as per the differences in the particle sizes of API and Dextrates 

 
In the Pharmaceutical Industry, drug product quality has largely been based on a combination of locking down “in-

process” controls to assure the same things are done for each commercial batch, locking down product specifications to as-
sure the same tests are passed for the commercial batches as were passed for the development batches, and GMP to assure the 
facility is under control. Through the process of creating the PAT policy, this system is challenged by the approach used by 
industries where the product quality is more directly evident to the consumer. It is apparent that controlling manufacturing 
variability by controlling a manufacturing process, in real time, is a more reliable approach to assuring product quality when 
compared to testing the finished product and disposing of the batch if it fails the specification. 
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In a dynamic approach to process control, the important process attributes are measured during the process to control it 
and determine its endpoint. Adjustments can be made to the control variables in order to accommodate any variability in the 
material entering the operation. This approach of using the manufacturing operation as a lens to focus the materials into the 
most desired range of properties, greatly reduces product variability.  

3 EXPERIMENTAL DATA 

We collected data of five batches of Product A for its content uniformity and the parameters of the raw materials used in 
those batches. The data for raw materials used to get content uniformity is given in Table 1 below.  

 
Table 1: Data of Raw Materials Used to Manufacture Product A 

 
Tablet 
Batch # 

Content 
Uniformity 

(%) 

Emedex 
Particle Size 

(Average)(um) 

API 
Moisture 

Content (%) 

API 
Assay 
(%) 

API 
Particle Size 

(Average) 
(um) 

1 96.00 461 15.8 97.5 8.8 
2 95.10 446 15.3 100.7 7.0 
3 94.50 446 15.3 100.7 7.0 
4 96.50 446 14.9 100.6 11.0 
5 98.00 446 14.9 100.6 11.0 

 
We are focusing on content uniformity of Product A and the content uniformity is affected by particle sizes of API and 

the excipients.  To do the risk analysis, we will build a DOE model based upon the variability of Particle Size of API and Par-
ticle Size of excipient to get relationship between content uniformity and the input variables. We will run Monte Carlo simu-
lation on the derived equation to do the forecasting of content uniformity. The Monte Carlo simulation model will also help 
us to find the impact of each variable, i.e. particle size of API and particle size of excipient on content uniformity. The build-
ing of mathematical models is described in the next section.. 

4 BUILDING OF DOE MODEL 

We built a Screening model of DOE by taking Particle Sizes of excipients (PS_1) and Particle Sizes of API (PS_2) as Factors 
and Content Uniformity (CU) as a Response. Upon fitting the model with the experimental data set, we found that the DOE 
model is not only affected by particle size of API and excipient but there are interactions between the particle Sizes of API 
and that of the Particle Sizes of excipients that has a large impact on DOE model. 

The reliability of impact is observed by adjusted R2  value of the model. These interactions are captured to get the true re-
lationship between the Content Uniformity and Particle Sizes of API and excipients. In our Screening DOE Model, the value 
of adjusted R2  is 0.643 as shown in Figure 1, indicating that this is a viable model. In Table 2, the values of coefficients of 
Particle Sizes of API, Particle Sizes of excipients helps to build an empirical relationship between Content Uniformity and 
input variables. 
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Figure 1: Coefficients of Inputs  for Content Uniformity as Shown in DOE Model 

 
Table 2: The Values for the Coefficients of Inputs for Content Uniformity Derived from DOE Model 

 
Content Uniformity Coeff. Std. Err. P Conf. int(±) 

Constant -306.159 -- -- -- 
PS_2 45.3593 -- -- -- 
PS_1 0.889397 -- -- -- 

PS_2*PS_1 -0.100329 -- -- -- 
    
    

N = 5 Q2 = 0.660  
DF = 2 R2 = --  

Comp. = 2 R2 Adj. = 0.643  
 

The derived Equation from DOE model is: 
 

CU= 0. 889397*PS_1+ 45. 3593 * PS_2 -0. 100329 *PS_1 * PS_2 – 306.159 

5 RISK ANALYSIS 

Risk Analysis is a concept that is applied to deal with uncertainty. In this concept, a probability distribution function is as-
signed to the unknown variables and then the Monte Carlo simulations are run to determine the combined effect of multiple 
variables. The seed value of the individual variables is calculated by the probability density definition of each variable. A 
standard sensitivity study shows us the sensitivity of the resulting improvements from the range of outputs from a single vari-
able. 
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The risk analysis approach selects values for independent variables as a function of a probability distribution function for 
each variable. The independent variable that we have in our case study are the particle size of API and the particle size of   
excipient. The value of content uniformity is viewed as a probability function rather than a single-valued answer. 

Thus, for a given data the variability in effectiveness can be viewed as a probability distribution. For a given set of data 
the simulation model gives maximum and minimum values of content uniformity as 101.71 and 87.37 with a most probable 
value as 95.59 as per the results shown in the table in Figure 2. If the company specifications for content uniformity are be-
tween 80 and 120, then there is 100-percent certainty to get content uniformity within specifications as per the given data for 
input variables.  
 

 
 

Figure 2: Forecasting for Content Uniformity 
 

 
 

Figure 3: Sensitivity Analysis of Forecasting of Content Uniformity 
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6 CONCLUSION 

The application of risk analysis in Pharmaceutical product design requires the setting of the problem definition, constraints 
and objectives in the proper format to apply the tool. The FDA stresses on building quality into products as per the guidance 
of its PAT initiative. The quality is designed by two mathematical modeling techniques before it is built during manufactur-
ing. The value of  content uniformity is optimized for the Particle Size of API and Particle Size of excipients during Monte 
Carlo simulations after getting an empirical relationship by building a DOE model. The sensitivity report helps to find out 
which variable has more impact on output. In our model, both the variables have almost equal impact on the value of content 
uniformity. To build this model, we had only a limited set of data. A large data set for each variable would improve the 
mathematical model. 
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