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(57) ABSTRACT 

A method of optimizing parameter values in a process, 
Which process is essentially controlled by a set of parameters 
affecting a set of properties characterizing an output of the 
process. The method may use an analytic hierarchy process 
(AHP) to associate a Weight With each property according to 
its relative importance to obtain desired product character 
istics. The method also uses parameter data and measured 
property data from a required number of experimental runs 
of the process, from Which data property behavior relations 
betWeen each property and the parameters are statistically 
established, Which relations give estimated property values. 
Using the property Weights, a process goal function is 
established, Which is expressed in terms of Weighted devia 
tions betWeen the estimated property values and the corre 
sponding goal values for the properties. The process goal 
function is minimized in order to generate a set of optimal 
parameter values for the process. 
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METHOD OF OPTIMIZING PARAMETER VALUES 
IN A PROCESS OF PRODUCING A PRODUCT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to the process optimization 
?eld, and more particularly to a method of optimizing 
parameter values in a process of producing a product Which 
is characteriZed by properties affected by the selected 
parameter values. This invention is applicable in different 
industries, such as the pharmaceutical, chemical, cosmetics, 
plastics, petrochemical, agriculture, metallurgy and food 
industries, as Well as many other commercial and industrial 
applications. 
[0003] 2. Description of Prior Art 

[0004] Processes for production of complex compositions 
such as those found in many pharmaceutical products gen 
erally require the mixing of many ingredients according to 
speci?c process parameters regarding formulation and pro 
duction technology, to provide the product With properties at 
a level offering satisfactory performance according to pre 
determined speci?cations. In such complex production pro 
cesses, it is not unusual that some process parameters 
involved exhibit interfering effects on the desired properties, 
further complicating the process design. Where possible, the 
designer may try to adapt the set of process parameters from 
knoWn data derived from previous similar processes, and/or 
rely on conventional trial-and-error experimental schemes to 
optimiZe the set of process parameters values, in order to 
meet the product speci?cations. HoWever, as the processes 
become more complex, optimiZation in such multidimen 
sional space With high accuracy requirements turns out to be 
an extremely difficult task, even for the highly skilled 
designer. That limitation is particularly problematic in the 
design of pharmaceutical products, Where one or more active 
substances mixed With a variety of excipients (e.g. carriers) 
must be produced in the form of a stable and highly effective 
standard delivery system such as a tablet, capsule, suspen 
sion, cream or injection, or even controlled release systems 
such as skin carriers and implants. 

[0005] In the past years, many techniques have been 
developed to assist the process designer or formulator in 
optimiZing values of parameters governing processes. These 
techniques aim at quantify existing relations betWeen param 
eters and associated desired product performance character 
istics. A conventional technique knoWn as the Full Factorial 
Matrix (FFM) method consists of statistically deriving a 
behavior relations for the properties from a set of experi 
mental runs of the process using selected initial values for 
the parameters. The established model being generally non 
linear, optimiZed parameter values are then derived using an 
optimiZation method such as the Multisimplex method 
described in “Practical Methods of Optimization” J, Wiley 
& Sons, Chichester, 2d, (1987), Which essentially consists of 
lineariZing the behavior functions related to the parameters 
according to straight lines or planes of different random 
directions. For any given property behavior relation of n 
parameters to be optimiZed in order to either minimiZe or 
maximiZe that behavior relation With or Without constraints 
on the parameter values, a recursive estimation of the 
property is then performed using an initial set of parameter 
values according to a selected direction, until the obtained 
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value for the property does not signi?cantly vary in that 
direction. Then, a last unfavorable set of parameters is used 
as a neW starting point for a folloWing recursive estimation 
according to a different direction. Successive recursive esti 
mation steps are performed until the resulting value for the 
property no longer signi?cantly vary in any neW direction. 
When applied to a model comprising a plurality of property 
behavior relations, the Multisimplex method alloWs a unique 
objective function to be created by proper transformation of 
the relations to adapt to different scales and/or units and by 
associating a relative importance Weight to each property, 
either subjectively or through fuZZy logic algorithms. 
[0006] The knoWn optimiZation processes based on Full 
Factorial Matrix-Multisimplex methods suffer from several 
draWbacks. As a general rule, the number of experimental 
runs required to obtain a model of suf?cient reliability is 
proportional to the total number of signi?cant parameters 
involved. Therefore, the cost and time frame of the experi 
mental Work Will therefore be essentially proportional to the 
number of runs required. Although a variant of the method 
knoWn as the Fractional Factorial Matrix has been proposed 
in order to reduce the number of runs to be performed, the 
provided reduction of experimental runs may not signi? 
cantly reduce the total cost and time frame of the Work 
required to complete the design of a complex product 
involving many production technologies. While adequate 
formulations complying With constraints imposed on the 
parameter values can nevertheless be obtained, these for 
mulations generally cannot be quali?ed as optimal When 
comparing actual property performance With desired prop 
erty values set forth in the product speci?cations. 

[0007] A technique Which attempts to improve parameter 
optimiZation in process design is disclosed in European 
Patent Of?ce laid-open patent application publication num 
ber 0,430,753 dated Jun. 5, 1991 and in US. Pat. No. 
5,218,526 issued on Jun. 8, 1993 to MoZZo. According to the 
technique in MoZZo, from a set of property relations 
expressed in terms of parameters Which is obtained by 
standard statistical methods using the results of a number of 
experimental runs of the process, a corresponding set of 
property relations expressed in terms of Weighted param 
eters is derived. For each actual value of a parameter, a ?rst 
Weighting is expressed as the ratio of: (a) the deviation of the 
actual value from the mean value of the parameter over the 
experimental range, on (b) the range betWeen extreme values 
for that parameter over the experimental range. Then, a goal 
function is established in term of deviations betWeen 
Weighted values of property values as estimated by the 
property relations and corresponding Weighted values of 
speci?ed goal values for the properties. For each goal value 
of a property, a second Weighting is expressed as the ratio of: 
(a) the deviation of the actual value from the mean value of 
the property over the experimental range, on (b) the range 
betWeen extreme values for that property over the experi 
mental range. Then, according to a recursive geometric 
algorithm aimed at successively minimiZing the established 
goal function, a set of optimal parameter values is generated. 
While being an improvement over the conventional Full/ 
Fractional Factorial Matrix—Multisimplex methods regard 
ing the capability to consider speci?ed goal values for the 
properties, the Weightings as taught by MoZZo do not re?ect 
the relative importance of the properties involved, and that 
limitation may therefore affect the convergence of the algo 
rithm toWard an optimal solution. 
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[0008] A review of modern techniques and software sys 
tems for the design of pharmaceutical product formulations 
is given in “Intelligent Software System For Pharmaceutical 
Product Formulation” R. C. RoWe, Pharmaceutical Tech 
nology, March 1997. In that paper, expert systems, rule 
induction algorithms, case-based reasoning algorithms, neu 
ral netWorks and genetic netWorks are presented as modern 
tools for supporting formulation design, and a number of 
available softWare systems using some of these tools are 
summariZed. As indicated in the RoWe paper, although a 
knowledgeable expert system could be a poWerful tool to 
assist the process designer in the formulation task, its 
development is generally a high risk, time consuming and 
expensive process. Rule induction is a knoWledge-based 
algorithm Which alloWs hierarchical classi?cation of objects, 
using statistical methods Which are found generally effective 
only if the input data is continuous, Which is often not the 
case in practice. Moreover, since rule induction is limited to 
establishing Whether or not a given object is close to another, 
it generally cannot provide an optimal solution. Case-based 
reasoning is a knoWledge-based iterative technique Which 
can be used to design formulations, Which consists of 
matching the desired speci?cations for the product With the 
speci?cations of the most relevant knoWn formulation(s), 
and adapting the selected formulation(s) as necessary, fol 
loWed by an evaluation. Although effective for optimiZing 
the parameters of a variant process from a family of similar 
processes and corresponding formulations, case-based rea 
soning generally cannot be used Where the design of a 
signi?cantly different formulation is contemplated. As to 
neural netWorks, in Which each neuron input is modi?ed by 
a Weight associated With that neuron, they appear to be 
effective tools for assisting formulation design only in cases 
Where no constraint applies on either the parameter or 
property values, such cases being rarely found in practice. 
Finally, regarding the genetics algorithms, they are cyclic 
methods based on Markov chains for predicting from a 
starting point a solution likely to result from a sequence of 
operations, in order to alloW making changes to obtain a 
desired solution. Since these changes are generally made 
arbitrarily, in most cases, the resulting solution cannot be 
considered as optimal. 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention to 
provide a systematic method of optimiZing parameter values 
in a process for producing a product Which minimiZes the 
number of experimental runs required to obtain an optimal 
solution complying With the product speci?cations. 

[0010] According to the above object, from a broad aspect 
of the present invention, there is provided a method of 
optimiZing parameter values in a process of producing a 
product, the process being essentially controlled by a set of 
n parameters Xi affecting a set of k properties YJ- character 
iZing the product. The method comprises the steps of: i) 
assigning values to a set of k property Weights WJ- represent 
ing relative importance of the properties Y]- for the charac 
teriZation of the product; ii) establishing property behavior 
mathematical relations giving an estimated property Yej for 
each property Yj in terms of the parameters Xi from given 
parameter data and associated property data; iii) using the 
property Weights W]- to establish a goal function in terms of 
property Weighted deviations betWeen the estimated prop 
erties Yej and corresponding speci?ed goal values for the 
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properties Y]; and iv) optimiZing the goal function to gen 
erate a set of n optimal parameter values for the parameters 

X. 
[0011] According to a further broad aspect of the present 
invention, there is provided a method of producing a phar 
maceutical product using optimiZed process parameter val 
ues, the process being essentially controlled by a set of n 
parameters Xi characteriZing a formulation for the product, 
the parameters Xi affecting a set of k properties YJ- charac 
teriZing the product. The method comprises the steps of: a) 
conducting a number ofl of experimental runs of the process 
each using a selected distinct set of values for the parameters 
Xi covering substantially all extreme values Within a chosen 
range of values for each one of the parameters Xi, Wherein 
l is at least equal to n+1 and is substantially less than a 
number used in the Fractional Factorial Matrix method; b) 
measuring values for the properties YJ- characteriZing the 
product in each of the 1 experimental runs, Whereby param 
eter data and associated property data are obtained from the 
selected distinct set of values for the parameters Xi and the 
measured values for the properties Yj, respectively; c) deter 
mining an importance of the properties Yj for the charac 
teriZation of the product, comparing the importance of the 
properties YJ- relative to one another, and assigning values to 
a set of k property Weights WJ- representing a relative 
importance of the properties Y]- for the characteriZation of 
the product; d)calculating a set of optimal parameter values 
for the parameters Xi using the measured values for the 
properties Yj and the assigned values of the set of k property 
Weights Wj; and e) producing the pharmaceutical product 
using the optimiZed process parameter values Xi calculated 
in the previous step. 

BRIEF DESCRIPTION OF THE DRAWING 

[0012] The invention Will be better understood by Way of 
the folloWing detailed description of a preferred embodi 
ment With reference to the appended draWings, in Which: 

[0013] FIG. 1 is a block diagram of a softWare system that 
can be used to carry out the method according to the present 
invention according to the preferred embodiment; and 

[0014] FIG. 2 is a How chart representing the preferred 
embodiment of the method according to the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0015] In the folloWing description, a preferred embodi 
ment of the present invention applied to product formulation 
design Will be described. HoWever, it is to be understood that 
the present invention can be also be used to optimiZe 
parameter values of processes related to the production of 
many types of products Which cannot be associated With a 
formulation, While being characteriZed by a number of 
properties affected by process parameters, such as biotech 
nological products, electronic components, etc. 

[0016] Referring noW to FIG. 1, there is generally desig 
nated at 10 a computer system Which is programmed to carry 
out a method according to the present invention. The system 
preferably comprises a knoWledge base 12 Where prior 
formulation/process data and competing products data are 
stored. For the purpose of pharmaceutical formulation 



US 2006/0031024 A1 

design, knowledge base 12 contains process data related to 
ingredient proportions, experimental conditions and results 
over time, production technologies used, etc. The system 10 
further comprises a property Weighting module 14 Which 
generates a Weight value for each one of a number k of 
identi?ed properties according to an initial modeling of the 
problem and property comparison data presented to the 
module 14. System 10 further comprises an evaluation 
module 18 fed by the property Weights generated by module 
14, to generate a global relative importance vector of dimen 
sion [k] for the k properties. System 10 is provided With an 
experimental data entry module 16 through Which property 
values obtained from experimental runs using different sets 
of parameter values for the process can be entered and stored 
for later use by several modules of system 10. Linked to 
receive data from modules 12, 14 and 16, is an evaluation 
module 18 Which can generates a ranking of the sets of 
property values selected from the knowledge base and the 
optimal set of parameter values obtained through optimiZa 
tion. System 10 further comprises a parameters reduction 
module 22 to retain only those parameters having a signi? 
cant effect on the considered properties. Module 22 is 
particularly useful in cases Where the number of parameters 
involved is relatively large, usually greater than 8 Where a 
computer provided With a standard high-performance micro 
processor is used. The S-PlusTM statistical softWare from 
MathSoft may be used in module 22 to carry out the 
StepWise method to select the variables. System 10 is further 
provided With a parameter interaction module 20, the func 
tion of Which consists of identifying by statistical analysis 
from experimental data, Which remaining parameters are 
signi?cantly correlated. The S-Plus statistical softWare from 
MathSoft can also be used to program module 20 in Which 
the appropriated correlation methods are applied to the data. 
It is to be understood that module 20 is unnecessary Where 
all parameters are independent one another. 

[0017] Modules 16, 20 and 22 are linked to a property 
behavior models module 24 that uses experimental data, 
parameter interaction data and remaining signi?cant param 
eters for determining an optimal mathematical model for 
each property Which is likely to better estimate that property. 
The model data as generated at module 24 is fed to a 
property behavior relation module 26 that also receives 
experimental data from module 16 to statistically estimate 
polynomial coef?cients to be incorporated Within the estab 
lished property behavior models, thereby generating a 
behavior relation for each property. The S-Plus statistical 
softWare from MathSoft may be used to program module 26 
to apply the appropriate regression methods to the data. 
System 10 is further provided With a goal function module 
28 linked to property Weighting module 14 and property 
behavior relation module 26 to generate, from speci?ed goal 
values for the properties, a goal function in term of property 
Weighted deviations betWeen properties as estimated by the 
behavior relations and the corresponding speci?ed goal 
values for these properties. 

[0018] An optimiZation module 30 is provided to optimiZe 
the goal function as established by module 28 through 
successive iterations and according to the type of each 
variable (discrete or continuous) and according to one or 
more ranges speci?ed as constraints imposed on one or more 

optimal parameter values. Module 30 can be programmed 
using Matlab TM softWare supplied by The Math Works Inc to 
implement netWork optimiZation methods. OptimiZation 
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module 30 is linked to the experimental data entry module 
16 to transfer thereto the generated set of optimal parameter 
values, Which module 16 also stores the actual property 
values obtained from an experimental run based on the set 
of optimal parameter values. All experimental data is then 
transferred to the evaluation module 18 as mentioned before. 

[0019] A preferred embodiment of an optimiZation 
method according to the present invention Will noW be 
described With reference to FIGS. 1 and 2. As illustrated in 
the general ?oW chart shoWn in FIG. 2, the method com 
prises a ?rst step 40 of assigning values to a set of k property 
Weights WJ- representing relative importance of the k prop 
erties Yj for the characteriZation of the product, Which 
properties are likely to be affected by the parameters of the 
process, from a modeling of the problem expressed as a 
hierarchical tree of these properties. Initial modeling and 
Weight value generation are preferably performed using a 
method knoWn as analytic hierarchy process (AHP), Which 
Was ?rst proposed by T. W. Saaty, and more recently 
described in “Using The Analytic Hierarchy Process For 
Decision Making In Engineering Applications: Some Chal 
lenges” Triantaphyllou et al, International Journal of Indus 
trial Engineering: Application and Practice, Vol. 2, No. 1, pp. 
35-44, (1995), Which is incorporated herein by reference. 

[0020] The AHP method consists of building a hierarchi 
cal tree from all properties, With one or more hierarchical 
levels depending on existing relations betWeen the proper 
ties. For each level, a pair-Wise comparison matrix is built 
betWeen the properties of this level and presented at an input 
of the parameters Weighting module 14 shoWn in FIG. 2, 
Which executes in step 40. For each pair-Wise comparison, 
the normaliZed eigenvector is derived associated With the 
higher eigenval. The components of this eigenvector give 
the relative importance of each property called the local 
Weight. Finally, the above normaliZed vectors are combined 
to ?nd the global Weight for each property. 

[0021] In a parallel direction, each pair-Wise comparison 
is associated With a consistency index re?ecting the transi 
tivity relation betWeen all comparison by pairs given by the 
formulator. Multi-criteria analysis softWare Which is com 
mercially available, such as ExpertchoiceTM, CriteriumTM or 
ErgoTM, may be used to program module 14. For example, 
to one or more m main properties classi?ed at a ?rst (higher) 
level, may correspond one or more groups of properties 
classi?ed at a second (loWer) level, the latter properties 
being therefore identi?ed as sub-properties. For each main 
property associated With a group of p sub-properties, a 
matrix of dimension [p+1><p+1] is built and ?lled, as a result 
of a pair-Wise comparison betWeen each property and sub 
property, using relative importance values selected from a 
standard AHP scale. Next, a suitable algorithm performed by 
parameter Weighting module 14 consists of ?rst calculating 
the higher eigenvalue of the resulting numerical matrix, and 
then deriving a normaliZed relative importance vector of 
dimension [p+1] by an estimation of the left principal 
eigenvector of that matrix associated With the calculated 
main eigenvalue of the input matrix. The above algorithm is 
then applied to compare the m main properties of the higher 
level, from a pair-Wise comparison matrix of dimension 
[m><m] from Which a normaliZed relative importance vector 
of dimension is derived. Finally, the above normaliZed 
vectors are combined according to the hierarchical relations 
to generate a global relative importance Weight vector for 
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the k properties of dimension [m+Zp] or In practice, it 
is generally appropriate to retain only each group of sub 
properties Without the corresponding main property, the sum 
of the Weights related to the retained k properties/sub 
properties being alWays equal to unity. 

[0022] According to the next step, namely step 42, param 
eter data and property data values are provided, Which data 
is obtained from experimental runs using different sets of 
parameter values for the process, the various values for each 
parameter being preferably selected according to an 
expected operation range Within Which an optimal parameter 
value is likely to be found. The parameters Xi used in the 
experimental runs should cover the extremes of the expected 
operational range for each parameter. Generally, the number 
of formulation combinations required to determine an opti 
mal formulation depends on many factors among Which the 
more important ones are: 1) the formulation designer expe 
rience; 2) complexity of the formulation; 3) the availability 
of literature and experimental data available on the desired 
product; and 4) the analytical laboratory Workload and 
throughput. According to the method of the present inven 
tion, the minimal number of experimental runs 1 to perform 
has been found to be equal to n+1, Wherein n is the number 
of relevant parameters involved. A greater number of runs is 
certainly possible. Step 42 is performed by experimental 
data entry module 16 shoWn in FIG. 1. 

[0023] The method then comprises a step 44 of establish 
ing property behavior mathematical relations linking the 
properties With the parameters and interactions thereof, in 
polynomial form. These property behavior relations provide 
an estimated property Yej for each of the k properties Y]- in 
terms of a number n of parameters Xi from the parameter 
data and associated property data provided at step 42. Step 
44 is typically comprised of four sub-steps, namely 1) a 
parameters reduction step performed by module 22, 2) a 
parameters interaction analysis step performed by module 
20, 3) a property behavior modeling step performed by 
module 24, and 4) a property behavior relations generating 
step performed by module 26, as shoWn in FIG. 1. As to 
sub-step 1), to provide a more efficient algorithm, from an 
initial number of identi?ed parameters, the most signi?cant 
parameters, i.e. those signi?cantly affecting each property, 
are identi?ed to generate a reduced number n of signi?cant 
parameters, especially Where the initial number of identi?ed 
parameters is greater than 8, as mentioned before. For that 
purpose, a statistical analysis algorithm can be used, Which 
is based on parameter correlation calculations using param 
eter and property experimental data provided at prior step 
42. Having obtained data related to 1 experimental runs 
involving an initial number p of parameters and a number k 
properties Yi, each correlation factor contained in the cor 
relation matrix is retained as signi?cant Whenever it com 
plies With a predetermined condition in the folloWing form: 

Wherein a,b,c and d are predetermined limit values, typically 
set as folloWs: 

[0024] The parameters associated With the retained corre 
lation factors form the reduced set of n parameters. 

[0025] It can be also shoWn that a minimum number 1 of 
runs at least equal to n+1 is required to obtain reliable 
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parameters estimation. Then, parameter interactions, that are 
in the form XiXJ- With i¢j and Which are signi?cant, can be 
identi?ed using the above relations (1), With the suggested 
speci?c ranges given in The values for Xi from the 1 
experimental runs are combined With the retained correla 
tion factors pij to form a ?nal matrix W, With each element 
of the ?rst column being equal to unity for the purpose of 
folloWing sub-step 4). As to sub-step 3), it consists of 
establishing, for each property Yj, a best model in terms of 
retained parameters and parameter interactions. A standard 
variance analysis is carried out to con?rm relevancy of all 
parameter coef?cients and parameter interaction coef? 
cients, and to select by successive variance analysis opera 
tions through the use of modules 24, 20 and 22, a suitable 
model amongst different predetermined models of upgraded 
degrees, Whenever difference in performance betWeen a 
given model of degree r and a folloWing model of degree r+1 
is found to be not signi?cant. The resulting best model is 
taken along With matrix W and property experimental data 
in matrix Y, as inputs for folloWing sub-step 4) aimed at 
generating property behavior relations for each property Yj. 
A matrix C of coefficient values is given by the matrix: 

having a dimension of [m,k], Wherein m=n+t+1, t being the 
number of parameters interactions XiXj. Hence, estimated 
property values are given by: 

[0026] A folloWing step 46 as shoWn in FIG. 2 aimed at 
generating a goal function is carried out by the module 28 
shoWn in FIG. 1, from the set of k property Weights W] 
produced at step 40, from the property behavior relations 
produced at step 44 and from the speci?ed goal values for 
the properties Yj. The basic goal vector can be expressed as 
folloWs: 

Wk(Yk_0k)] (10) 
wherein Oi is the speci?ed goal values for the properties Yi, 
With i=1, . . . , k. 

[0027] The goal function to be minimiZed may be 
expressed as folloWs: 

Which goal function is expressed in terms of property 
Weighted deviations betWeen estimated values Yej for the 
properties Y]- and corresponding speci?ed goal values Oi for 
the same properties Yj. A next step 48 as shoWn in FIG. 2 
therefore consists of minimiZing the goal function G to 
obtain a set of optimal parameter values for the parameters 
Xi, Which step 48 is performed by module 30 shoWn in FIG. 
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1. Optimization step 48 generally can consider constraints 
on the parameter values in the form of one or more ranges, 
typically in a form (ai,bi) Wherein ai<Xi<bi, Within Which 
optimal parameter values shall be found, according to the 
type of each variable (i.e. discrete such as binary values, or 
continuous). 
[0028] The “G” goal function is determinated by experi 
mentation. The optimiZation of the “G” function is a step by 
step procedure. The ?rst step is to obtain the behavior laWs 
With the best ?t betWeen the experimental data and their 
corresponding ideal value factor. 

[0029] The second step, the optimiZation is based on a 
initial point. 

XD=[X1D, x20, . . . , X1101 

and 

Xk:1=Xk—OLHg|X:Xk 

Where 

[0030] g=VG=gradientG 

[0031] H=the Hessian of G 

And based on the folloWing goal function, We use the 
dimension reduction method by successive iterations 

these iterations passed by 

NoW the goal function can be: 

[0032] We observe a perfect overlap betWeen the tWo goal 
functions and on the stationary point the goal function Will 
be; 

[0033] These equations supply the maxima and minima of 
the goal 

functions including the maxima and minima from the start 
ing goal function. 

[0034] This mathematical approach induces a reduction of 
the dimension of the variables, consequently We pass from 
“n” variables to “n-l” variables. In the actual case, We start 
With the most important variables from the behavior laWs 
With the highest Weight values of the factor. 
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[0035] This approach is knoWn under the name of netWork 
optimiZation, in this case the netWork nodes are built by the 
optimal values of the variable by decreasing order of the 
factor’s rank. 

[0036] After the iterative optimiZation step 48 is com 
pleted, although the set of optimal parameter values X0i 
obtained can generally be considered as the solution to 
recommend, that solution is preferably evaluated amongst 
other alternative solutions by folloWing steps 50 and 52 as 
shoWn in FIG. 2. At step 50, an experimental run of the 
process is carried out using the obtained set of optimal 
parameter values, to obtain experimental values for the k 
properties Yi. The optimal property values X0i and associ 
ated experimental property values are then evaluated at step 
52 to obtain ranking thereof amongst a number m of other 
alternative solutions, Which may have been selected from 
knowledge base 12 shoWn in FIG. 1. This evaluation is 
preferably performed by a complete AHP process algorithm, 
using the set of k property Weights W]- as previously obtained 
through step 40. 

CONCRETE APPLICATION 

[0037] An example illustrating an application of the 
method according to the present invention in the pharma 
ceutical ?eld Will noW be described. 

[0038] Formulation and production process for enalapril 
maleate tablets Were optimiZed in order to provide a drug 
product With satisfactory biological performance as Well as 
stability When packaged and stored under ICH (International 
Conference on Harmonization) conditions. Three (3) inde 
pendent formulation and process parameters (n=3) Were 
identi?ed as having an impact on the stability of the drug 
product: 1) the degree of drug neutraliZation during granu 
lation (X1); 2) the manufacturing technology (X2); and 3) 
The drug-to-excipient ratio in the formulation, i.e. dose 
strength 
[0039] As to the degree of drug neutraliZation during 
granulation (X1), it Was classi?ed as either complete, partial 
or no neutraliZation. In the case of complete neutraliZation, 
the drug and the alkaline agent Were both added to the 
granulation ?uid, i.e. Water. Therefore, the alkaline agent 
neutraliZed the drug prior to its addition to the poWder blend 
for the granulation procedure. In partial neutraliZation, both 
the drug and the alkaline agent Were added to the poWder 
blend, blended and Water added as the granulation ?uid for 
the granulation procedure. When Water and/or alkaline agent 
Were not added to the formulation, the drug Was not neu 
traliZed. The level of Water added as Well as the drug-to 
alkaline agent ratio Were kept constant for all of the formu 
lations. The level of the alkaline agent Was determined by 
the stoichiometry of the reaction. 

[0040] The manufacturing technology (X2 ) Was either Wet 
granulation (X2=0) or direct compression (X2=1). These tWo 
technologies are used WorldWide for the manufacturing of 
probably more than 90% of all of the solid oral dosage 
forms. In the Wet granulation technology, the drug and other 
functional materials added to impart good processing 
attributes to the drug, often called excipients, are ?rst 
blended together and agglomerated into larger particles by 
the addition of a granulating ?uid. The role of the granu 
lating ?uid is to promote the development of adhesive forces 
betWeen the materials required for the agglomeration pro 
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cess. After granulation, the granulating ?uid is removed by 
drying. When a direct compression approach is selected as 
a manufacturing method, the drug is ?rst blended With the 
eXcipients and tablets produced Without the use of a granu 
lating ?uid. 

[0041] As to the dose strength (X3), four doses of the 
product Were developed, Which Were obtained by using tWo 
formulations With different drug-to-eXcipient ratios (con 
tinuous parameter values) compressed at different tablet 
Weights. 
[0042] A total of nine (9) experimental runs involving 
different formulations based on a combination of the three 
parameters Were prepared, as shoWn in Table 1. 

TABLE 1 

Run X1 X2 X3 

1 1.73 1 3.33 
2 1.73 0 3.33 
3 1.73 0 3.33 
4 0 0 3.33 
5 0 1 3.33 
6 6.9 1 13.3 
7 6.9 0 13.3 
8 6.9 0 13.3 
9 0 0 13.3 

[0043] The nine formulations covered all of the siX (6) 
possible combinations for the Wet granulation technology 
and three (3) combinations of direction compression. Tablets 
Were manufactured by using enalapril maleate With USP/NF 
and EP eXcipients. In the direct compression technology, 
there is not a suf?cient amount of moisture to dissolve all the 
drug and alkaline agent and provide for any signi?cant 
neutraliZation reaction. HoWever, eXcipients do contain a 
certain level of adsorbed free moisture capable of creating a 
microenvironment Where small quantities of the drug and 
alkaline agent can be dissolved and become available for the 
neutraliZation reaction. These phenomena could be respon 
sible of the appearance of physical as Well as chemical 
stability problems and Where taken into account by evalu 
ating three (3) formulation combinations. The nine (9) 
formulation combinations Where prepared and the tablets 
Were stored in opened containers at 25° C./60% RH and 40° 
C./75% RH for a 2-Week period. These open container 
studies are typically conducted during the early formulation 
development phases of a product to purposely accelerate 
physical and chemical changes in formulations in order to 
select the lead candidate, i.e., the formulation With the best 
stability pro?le. After the 2-Week time period, the tablets 
Were removed from the environmental chambers and sent to 
the analytical department for their performance evaluation. 
The performance of the formulations Was determined by 
measuring ten (k=10) properties as a function of time and 
temperature, Which properties Were selected as folloWs, 
according to a hierarchical tree comprising properties and 
sub-properties: 
[0044] Y11, Y12, Y13: % drug dissolved at 5, 15, and 30 

min. (sub-properties of Y1); 
[0045] Y2: % of cycliZation product at time Zero; 

[0046] Y31, Y32: % cycliZation product after 2 Weeks at 
25° C./60% RH and at 40° C./75% RH (sub-properties of 
Y3); 

[0047] Y4: differential betWeen theoretical and actual 
assay in mg at time Zero; 
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[0048] Y51, Y52: differential betWeen theoretical and 
actual assay in mg after 2 Weeks at 25° C./60% RH and 
at 40° C./75% RH (sub-properties of Y5); 

[0049] Y6: % hydrolytic product after 2 Weeks at 40° 
C./75%. 

[0050] Applying the AHP process With the standard scale 
for these properties, the decision matriXes given in Table 2 
for the properties and in Tables 3, 4 and 5 for the sub 
properties Were built. 

TABLE 2 

Goal Y1 Y2 Y3 Y4 Y5 Y6 

Y1 1.0 (5.0) (5.0) 3.0 1.0 (5.0) 
Y2 1.0 (5.0) 1.0 (3.0) (7.0) 
Y3 1.0 7.0 1.0 1.0 

Y4 1.0 (7.0) (7.0) 
Y5 1.0 (1.0) 
Y6 1.0 

[0051] 

TABLE 3 

Y1 Y11 Y12 Y13 

Y11 1.0 7.0 9.0 
Y12 1.0 3.0 
Y13 1.0 

[0052] 

TABLE 4 

Y3 Y31 Y32 

Y31 1.0 (5.0) 
Y32 1.0 

[0053] 

TABLE 5 

Y5 Y51 Y52 

Y51 1.0 (5.0) 
Y52 1.0 

[0054] From the decision matriXes, the folloWing Weight 
values for the k=10 properties/sub-properties are given in 
Table 6, the sum of the Weights being equal to unity. 

TABLE 6 

W W10 (Y13) ($122) ($133) ($3) ($351) 0262) 03) ($581) ($92) (Y6) 
0.060 0.011 0.005 0.098 0.046 0.230 0.039 0.034 0.171 0.305 

[0055] Experimental property data that Were obtained 
from nine (9) runs of the process using the selected nine (9) 
combinations of parameter values of Table 1, are given in 
Table 7. 
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TABLE 7 

90.40 102.7 102.1 0.88 1.210 15.06 0.080 (0.01) 0.660 4.260 
91.20 95.10 95.80 0.63 1.070 3.510 0.120 0.020 0.340 5.350 
86.80 100.4 101.6 0.90 0.850 0.720 0.080 0.030 0.110 3.670 
94.00 96.70 97.20 0.85 1.340 16.88 0.300 0.160 0.780 2.590 
75.40 106.2 107.1 0.83 1.350 22.54 (0.08) 0.040 0.960 3.570 
94.70 98.20 98.30 0.54 1.110 8.600 0.380 0.270 2.200 6.730 
90.20 98.70 98.40 0.64 1.670 5.980 0.310 0.290 1.750 7.710 
51.70 100.4 100.8 0.50 0.75 0.750 (0.04) (0.14) 0.310 3.580 
84.90 95.30 95.20 0.55 0.11 0.110 0.930 0.740 2.210 1.450 

[0056] Since n=3<8, the parameter reduction step is not 
required for the purpose of the instant case. As to the 
statistical analysis of parameters interaction, since a corre 
lation factor p13=0.7013 for the XlX3 interaction Was cal 
culated, that interaction can be considered as signi?cant 
since the condition 0.5<p13<0.95 is satis?ed. The following 
property behavior relations Were established: 

Y11 = 81.916 + 4.56241 + 4.074x2 + 0.224x3 - 0.423X1X3; (18) 

Y12 =101.93-1.45xl +3.81x2 —0.5lX3 +0.l4X1X3; 

Y13 = 102.16 - 148xl + 346x2 - 052x3 + 014xl X3; 

Y2 = 0.92 - 0.025xl + 0.025x2 - 0.028x3 + 0.0018X1X3; 

Y31 = 1.42 - 023xl + 0.057x2 - 003x3 + 0.019X1X3; 

Y32 = 17.18 - 878xl + 815x2 - 046x3 + 0.56X1X3; 

Y4 = -0.15 + 0.0193X1— 0.022x2 + 008x3 - 0.009lX1X3; 

Y51 = -0.135 - 0.028xl + 0.0385x2 + 0.066x3 - 0.0045X1X3; 

Y52 = 0.00089 - 0.256xl + 063x2 + 0.l66X3 + 0.008X1X3; 

[0057] The speci?ed goal values for the properties as 
given in Table 8 Were used to establish the goal function that 
Was minimized to generate the folloWing set of optimal 
parameters: 

[0060] Applying the method for the particular case Where 
only the minimum four (n+1=3+1=4) experimental runs 
required Were used, runs 1, 3, 6 and 9 Were selected to 
provide the parameter and property data as given in Table 7. 
As to the statistical analysis of parameters interaction, since 
a correlation factor p13=0.332 for the XlX3 interaction Was 
calculated, that interaction cannot be considered as signi? 
cant since 0.5<p13<0.95 is not satis?ed. The folloWing 
property behavior relations Were established: 

Y11 = 85.36 + 099xl + 3.60X2 - 0.34X3; (20) 

Y12 = 101.90 + 0.086X1+ 230x2 - 0.50X3; 

Y13 = 102.87 + 0.38X1+ 0.506x2 - 0.58X3; 

Y2 =1.013 + 0.001xl - 0.019x2 - 0.034X3; 

Y31 = 0.88 - 0.038X1+ 0.36242 + 0.0095243; 

Y32 = 2.88 - 2.425xl +1433x2 + 0.6lX3; 

Y4 = -0.02 - 0.080X1— 0.0007x2 + 0.07lX3; 

Y51 = —0.0568 - 0.065xl - 002x2 + 0.06X3; 

Y52 = -0.4 - 0.08X1+ 055x2 + 02x3; 

Y6 = 2.84 + 0.68X1+ 059x2 - 01x3. 

[0061] The same speci?ed goal values for the properties as 
given in Table 8 Were used to establish the goal function that 

X1=3-39 Was minimiZed to generate the folloWing set of optimal 
X2=0 (Wet granulation) (19) parameters: 

X3=7.46 X1=3.32 

[0058] The associated experimental property values are X2=0(Wetgranu1atiOn) (21) 
given in Table 9. X3=7.O9 

TABLE 8 

O1 O2 O3 O4 O5 O6 O7 O8 9 01D 
(Y11) (Y12) (Y13) (Y2) (Y31) (Y32) (Y4) (Y51) (Y52) (Y6) 

100.00 100.00 85.00 0.500 0.500 0.500 0.050 0.050 0.050 1.00 

[0059] [0062] The associated experimental property values are 

TABLE 9 
given in Table 10. 

TABLE 10 

97 104 106 0.49 0.58 0.73 0.031 0.008 0.047 <0.05% 78 103 106 0.51 0.55 0.73 0.034 0.04 0.029 <0.05% 
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[0063] Comparing the set of parameter values given at 
(20) With the former set obtained from all nine (9) experi 
mental runs given at (19), it can be noted that both sets are 
very similar. Actually, from a pharmaceutical standpoint, 
they could almost be considered as identical. 

1. A method of optimiZing parameter values of a process, 
the process being essentially controlled by a set of n param 
eters X that affect a set of k properties Y characteriZing an 
output of the process, said method comprising: 

assigning values to a set of k property Weights represent 
ing relative importance of said properties; 

establishing property behavior mathematical relations 
giving an estimated property for each said property; 

using said property Weights to establish a goal function in 
terms of property Weighted deviations betWeen the 
estimated properties and corresponding speci?ed goal 
values for said properties; and 

minimiZing the goal function to generate a set of n optimal 
parameter values for said parameters. 

2. A method according to claim 1, Wherein the values for 
said property Weights are obtained using an algorithm based 
on an analytic hierarchy process. 

3. A method according to claim 2, Wherein said given 
property data are obtained through a number of experimental 
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runs of said process using said given parameter data, each 
said run using a distinct set of values for said given param 
eter data. 

4. A method according to claim 1, Wherein the number is 
one more than the number of parameters X. 

5. An apparatus capable of optimiZing parameter values of 
a process, the process being essentially controlled by a set of 
n parameters X that affect a set of k properties Y character 
iZing an output of the process, said apparatus comprising: 

means for assigning values to a set of k property Weights 
representing relative importance of said properties; 

means for establishing property behavior mathematical 
relations giving an estimated property for each said 
property; 

means for using said property Weights to establish a goal 
function in terms of property Weighted deviations 
betWeen the estimated properties and corresponding 
speci?ed goal values for said properties; and 

means for minimiZing the goal function to generate a set 
of n optimal parameter values for said parameters. 


