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ABSTRACT 

Methods for monitoring integrated continuous pharmaceuti 
cal manufacturing processes are described and disclosed 
herein. The method continuously monitors and creates a his 
toric record of the pharmaceutical manufacturing process and 
provides it to an end user or a plurality of end users. Conse 
quently, the methods provide a means to perform quality 
control on an integrated level whereby a pharmaceutical 
manufacturer can ensure data and product integrity and mini 
mize cost. 
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Figure 1: Schematic of Analysis 
Method 

Quality Control and 
Validation parameters and 
endpoints determined by 

Quality Control Unit 

Algorithm defined based on 
boundary values and type of 

process being validated 

Algorithm analysis (logic analysis) 

Software safety code analysis 

l 
Software safety design analysis 

Software safety 
requirements analysis 

Software safety 
test analysis 

N 

Feb. 11, 2016 Sheet 1 of 3 US 2016/0041551A1 

System integration on 

Drug manufacture 
process 



Patent Application Publication Feb. 11, 2016 Sheet 2 of 3 US 2016/0041551A1 

Figure 2. Standard Hazard Analysis and Mitigation Flowchart 
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Figure 3: Schematic of Failure 
Analysis Method 
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METHODS FORMONITORING 
INTEGRATED CONTINUOUS 

PHARMACETICAL MANUFACTURING 
PROCESSES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. Ser. No. 
12/806,837, filed 20 Aug. 2010, which is a continuation of 
U.S. Ser. No. 12/322,180, filed 29 Jan. 2009, now U.S. Pat. 
No. 8,660,680, which is a continuation of U.S. Ser. No. 
1 1/503,800, filed 14 Aug. 2006, now U.S. Pat. No. 7,509,185, 
which is a continuation of U.S. Ser. No. 1 1/500,642, filed 8 
Aug. 2006, now U.S. Pat. No. 7,471.991, which is a continu 
ation of U.S. Ser. No. 10/840,732, filed 6 May 2004, now U.S. 
Pat. No. 7,444,197. The contents of which are fully incorpo 
rated by reference. 

STATEMENT OF RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH Not applicable. 

FIELD OF THE INVENTION 

0002. The invention described herein relates to methods, 
systems, and Software program that are modified for use in 
Software and hardware validation of pharmaceutical manu 
facturing processes. The invention further relates to the 
enhancement of quality assurance implementation protocols 
in current good manufacturing practice in manufacturing, 
processing, packing, and/or holding of drugs. 

BACKGROUND OF THE INVENTION 

0003 Over the last two decades, significant changes in the 
environment of pharmaceutical regulation have occurred and 
have resulted in incremental adjustments in regulatory 
approaches to product quality. These changes included an 
increased number of pharmaceutical products and a greater 
role of medicines in health care, decreased frequency of 
manufacturing inspections as a result of fewer resources 
available for pharmaceutical manufacturing inspections, 
accumulation of experience with, “and lessons learned from'. 
various approaches to the regulation of product quality, 
advances in the pharmaceutical Sciences and manufacturing 
technologies, application of biotechnology in drug discovery 
and manufacturing, advances in the Science and management 
of quality and, globalization of the pharmaceutical industry. 
The cumulative impact of these changes has been greater than 
the sum of the parts and there is an industry wide need to 
develop integrated approaches to monitor and assess the vali 
dation of processes and overall quality of products provided 
to end users and patients. 
0004 Looking ahead the most up-to-date concepts of risk 
management and quality systems approaches should be 
incorporated while continuing to ensure product quality. The 
latest Scientific advances in pharmaceutical manufacturing 
and technology are encouraged. Additionally, the Submission 
review program and the inspection program should operate in 
a coordinated and synergistic manner and regulation and 
manufacturing standards should be applied consistently. The 
management of validation and quality assurance programs 
should encourage innovation in the pharmaceutical manufac 
turing sector in order to provide the most effective public 
health protection. Resource limitations prevent uniformly 

Feb. 11, 2016 

intensive coverage of all pharmaceutical products and pro 
duction. Significant advances in the pharmaceutical Sciences 
and in manufacturing technologies have occurred over the 
last two decades. While this knowledge has been incorporated 
in an ongoing manner into product quality regulation, the 
fundamental nature of the changes dictates a thorough evalu 
ation of the Science base to ensure that product quality assur 
ance and validation not only incorporates up-to-date Science, 
but also encourages further advances in technology. Inte 
grated quality systems orientation principles from various 
innovative approaches to manufacturing quality that have 
been developed in the past decade should be evaluated for 
applicability and coMP requirements and related pre-ap 
proval requirements should be evaluated according to appli 
cable principles. In addition, interaction of the pre-market 
CMC review process and the application of c(GMP require 
ments should be evaluated as an integrated system. 
0005 With the globalization of pharmaceutical manufac 
turing requires a global approach to integration keeping in 
mind the overall objective of strong public health protection. 
To accomplish these needed goals there is a need to carry out 
the following actions. The artisan should use emerging sci 
ence and data analysis to enhance validation and quality 
assurance programs to target the highest risk areas. From the 
aforementioned, the evaluation of the feasibility of establish 
ing dedicated and integrated cadres of pharmaceutical vali 
dation and quality assurance experts should become readily 
apparent to one of ordinary skill in the art. Also apparent to 
one of ordinary skill in the art is the ability to provide a 
cost-efficient network of validation and quality assurance 
protocols. By providing an integrated and user friendly 
approach to validation and quality assurance the overall ben 
efit to the public at-large is pharmaceutical end products 
available at lower costs. This is turn will allow more persons 
or animals to benefit from innovations that occur in the treat 
ment of disease. Additionally, there is also a need to use these 
modalities as research tools to monitor, assess, and further the 
state of the artin all areas of life Science treatment and studies, 
specifically biotechnology and pharmaceuticals. 

SUMMARY OF THE INVENTION 

0006. The invention provides for a software program that 
validates devices used in the manufacture, processing, and 
storing of drugs. As used herein, the term "drug is synony 
mous with “pharmaceutical'. In certain embodiments, the 
program can be modified to conform to the programming 
language and operating system requirements of an individual 
system. In a further embodiment, the program is used to 
validate hardware use in drug manufacture. In another 
embodiment, the program is used to validate Software used in 
drug manufacture. In another embodiment, the program is 
used to monitor quality assurance protocols put in place by 
the quality control unit. 
0007. The invention further provides methods for validat 
ing drug manufacture using the application Software. In one 
embodiment, the method comprises installation during the 
concept phase of manufacturing. In another embodiment, the 
method comprises installation at which time the manufacture 
process is on-line. In another embodiment, the method com 
prises installation during the course of quality assurance. In 
another embodiment, the method comprises monitoring the 
validation and quality assurance based on a routine mainte 
nance schedule. 
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0008. The invention further comprises a system which 
integrates application Software and methods disclosed herein 
to provide a comprehensive validation and quality assurance 
protocol that is used by a plurality of end users whereby the 
data compiled from the system is analyzed and used to deter 
mine is quality assurance protocols and validation protocols 
are being achieved. 

BRIEF DESCRIPTION OF THE FIGURES 

0009 FIG.1. Schematic of analysis method. 
0010 FIG. 2. Flowchart of Standard Hazard Analysis and 
Mitigation. 
0011 FIG. 3. Schematic of failure analysis method. 

DETAILED DESCRIPTION OF THE INVENTION 

Outline of Sections 

0012. I.) Definitions 
0013 II.) Software Program 
0014 III.) Analysis 
0015 IV.). KITS/Articles of Manufacture 
0016. I.) Definitions: 
0017. Unless otherwise defined, all terms of art, notations 
and other Scientific terms or terminology used herein are 
intended to have the meanings commonly understood by 
those of skill in the art to which this invention pertains unless 
the context clearly indicates otherwise. In some cases, terms 
with commonly understood meanings are defined herein for 
clarity and/or for ready reference, and the inclusion of such 
definitions herein should not necessarily be construed to rep 
resent a substantial difference over what is generally under 
stood in the art. Many of the techniques and procedures 
described or referenced herein are well understood and com 
monly employed using conventional methodology by those 
skilled in the art, such as, for example, the widely utilized 
current Good Manufacturing Practice guidelines. 
0018. As used herein the terms “drug and “pharmaceuti 
cal' include Veterinary drugs and human drugs, including 
human biological drug products. 
0019 “abstraction” means the separation of the logical 
properties of data or function from its implementation in a 
computer program. 
0020 “access time” means the time interval between the 
instant at which a call for data is initiated. and the instant at 
which the delivery of the data is completed. 
0021 “accuracy study processor” means a software tool 
used to perform calculations or determine accuracy of com 
puter manipulated program variables. 
0022 “adaptive maintenance” means software mainte 
nance performed to make a computer program usable in a 
changed environment. 
0023) “address' means a number, character, or group of 
characters which identifies a given device or a storage loca 
tion which may contain a piece of data or a program step. 
0024 “algorithm' means any sequence of operations for 
performing a specific task. 
0025 “algorithm analysis” means a software verification 
and validation (“V&V) task to ensure that the algorithms 
selected are correct, appropriate, and stable, and meet all 
accuracy, timing, and sizing requirements. 
0026 “alphanumeric' means pertaining to a character set 
that contains letters, digits, and usually other characters such 
as punctuation marks, etc. 
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0027 “analog means pertaining to data signals in the 
form of continuously variable wave form physical quanti 
ties; e.g., pressure, resistance, rotation, temperature, Voltage. 
0028 “analog device' means a device that operates with 
variables represented by continuously measured quantities 
Such as pressures, resistances, rotations, temperatures, and 
Voltages. 
0029) “analog-to-digital converter” means input related 
devices which translate an input device's sensor analog 
signals to the corresponding digital signals needed by the 
computer. 
0030) “analysis” means a course of reasoning showing 
that a certain result is a consequence of assumed premises. 
0031 “application software” means software designed to 

fill specific needs of a user. 
0032) “barcode” means a code representing characters by 
sets of parallel bars of varying thickness and separation that 
are read optically by transverse scanning. 
0033 “BASIC’ means an acronym for Beginners All-pur 
pose Symbolic Instruction Code, a high-level programming 
language intended to facilitate learning to program in an 
interactive environment. 
0034) “basic input/output system’ means firmware that 
activates peripheral devices in a PC. Includes routines for the 
keyboard, Screen, disk, parallel port and serial port, and for 
internal services Such as time and date. It accepts requests 
from the device drivers in the operating system as well from 
application programs. It also contains autostart functions that 
test the system on startup and prepare the computer for opera 
tion. It loads the operating system and passes control to it. 
0035) “batch processing means execution of programs 
serially with no interactive processing. 
0036 “benchmark' means a standard against which mea 
Surements or comparisons can be made. 
0037 “bias’ means a measure of how closely the mean 
value in a series of replicate measurements approaches the 
true value. 
0038 “block” means a string of records, words, or char 
acters that for technical or logical purposes are treated as a 
unity. 
0039) “block check” means the part of the error control 
procedure that is used for determining that a block of data is 
structured according to given rules. 
0040 “block diagram’ means a diagram of a system, 
instrument or computer, in which the principal parts are rep 
resented by Suitably annotated geometrical figures to show 
both the basic functions of the parts and the functional rela 
tionships between them. 
0041) “blueprint’ means an detailed plan or outline. 
0042 “boot means to initialize a computer system by 
clearing memory and reloading the operating system. A dis 
tinction can be made between a warm boot and a cold boot. A 
cold boot means starting the system from a powered-down 
state. A warm boot means restarting the computer while it is 
powered-up. Important differences between the two proce 
dures are: 1) a power-up self-test, in which various portions of 
the hardware such as memory are tested for proper opera 
tion, is performed during a cold boot while a warm boot does 
not normally perform such self-tests, and 2) a warm boot does 
not clear all memory. 
0043 “bootstrap' means a short computer program that is 
permanently resident or easily loaded into a computer and 
whose execution brings a larger program, Such an operating 
system or its loader, into memory. 
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0044) “boundary value” means a data value that corre 
sponds to a minimum or maximum input, internal, or output 
value specified for a system or component. 
0045 “boundary value analysis” means a selection tech 
nique in which test data are chosen to lie along "boundaries' 
of the input domain or output range classes, data structures, 
procedure parameters, etc. 
0046 “branch analysis” means a test case identification 
technique which produces enough test cases such that each 
decision has a true and a false outcome at least once. 
0047 'calibration” means ensuring continuous adequate 
performance of sensing, measurement, and actuating equip 
ment with regard to specified accuracy and precision require 
mentS. 

0.048 “certification” means technical evaluation, made as 
part of and in Support of the accreditation process, that estab 
lishes the extent to which a particular computer system or 
network design and implementation meet a pre-specified set 
of requirements. 
0049 “change control’ means the processes, authorities 

for, and procedures to be used for all changes that are made to 
the computerized system and/or the system's data. Change 
control is a vital subset of the Quality Assurance QA pro 
gram within an establishment and should be clearly described 
in the establishment's SOPs. 
0050 “check summation” means a technique for error 
detection to ensure that data or program files have been accu 
rately copied or transferred. 
0051) “compiler” means computer program that translates 
programs expressed in a high-level language into their 
machine language equivalents. 
0052 “computer system audit' means an examination of 
the procedures used in a computer system to evaluate their 
effectiveness and correctness and to recommend improve 
mentS. 

0053 “computer system security” means the protection of 
computer hardware and Software from accidental or mali 
cious access, use, modification, destruction, or disclosure. 
0054 “concept phase' means the initial phase of a soft 
ware development project, in which user needs are described 
and evaluated through documentation. 
0055 “configurable, off-the-shelf software” means appli 
cation Software, sometimes general purpose, written for a 
variety of industries or users in a manner that permits users to 
modify the program to meet their individual needs. 
0056 “control flow analysis” means a software V&V task 

to ensure that the proposed control flow is free of problems, 
Such as design or code elements that are unreachable or incor 
rect. 

0057 “controller” means hardware that controls periph 
eral devices such as a disk or display screen. It performs the 
physical data transfers between main memory and the periph 
eral device. 
0058 “conversational' means pertaining to a interactive 
system or mode of operation in which the interaction between 
the user and the system resembles a human dialog. 
0059) “coroutine' means a routine that begins execution at 
the point at which operation was last Suspended, and that is 
not required to return control to the program or Subprogram 
that called it. 
0060 "corrective maintenance” means maintenance per 
formed to correct faults in hardware or software. 
0061 “critical control point’ means a... function oran area 
in a manufacturing process or procedure, the failure of which, 
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or loss of control over, may have an adverse affect on the 
quality of the finished product and may result in an unaccept 
able health risk. 

0062 “data analysis” means evaluation of the description 
and intended use of each data item in the Software design to 
ensure the structure and intended use will not result in a 
hazard. Data structures are assessed for data dependencies 
that circumventisolation, partitioning, data aliasing, and fault 
containment issues affecting safety, and the control or miti 
gation of hazards. 
0063 “data integrity” means the degree to which a collec 
tion of data is complete, consistent, and accurate. 
0064 “data validation” means a process used to determine 
if data are inaccurate, incomplete, or unreasonable. The pro 
cess may include format checks, completeness checks, check 
key tests, reasonableness checks and limit checks. 
0065 “design level” means the design decomposition of 
the software item; e.g., system, Subsystem, program or mod 
ule. 

0.066 “design phase' means the period of time in the soft 
ware life cycle during which the designs for architecture, 
Software components, interfaces, and data are created, docu 
mented, and Verified to satisfy requirements. 
0067 “diagnostic’ means pertaining to the detection and 
isolation of faults or failures. 

0068 “different software system analysis” means Analy 
sis of the allocation of Software requirements to separate 
computer systems to reduce integration and interface errors 
related to safety. Performed when more than one software 
system is being integrated. 
0069 “dynamic analysis” means analysis that is per 
formed by executing the program code. 
0070 “encapsulation” means a software development 
technique that consists of isolating a system function or a set 
of data and the operations on those data within a module and 
providing precise specifications for the module. 
0.071) “end user” means a person, device, program, or 
computer system that uses an information system for the 
purpose of data processing in information exchange. 
0072 "error detection” means techniques used to identify 
errors in data transfers. 

0073 "error guessing means the selection criterion is to 
pick values that seem likely to cause errors. 
0074) "error seeding' means the process of intentionally 
adding known faults to those already in a computer program 
for the purpose of monitoring the rate of detection and 
removal, and estimating the number of faults remaining in the 
program. 

0075 “failure analysis” means determining the exact 
nature and location of a program error in order to fix the error, 
to identify and fix other similar errors, and to initiate correc 
tive action to prevent future occurrences of this type of error. 
(0076 “Failure Modes and Effects Analysis” means a 
method of reliability analysis intended to identify failures, at 
the basic component level, which have significant conse 
quences affecting the system performance in the application 
considered. 

(0077 “FORTRAN' means an acronym for FORmula 
TRANslator, the first widely used high-level programming 
language. Intended primarily for use in solving technical 
problems in mathematics, engineering, and Science. 
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0078 “life cycle methodology’ means the use of any one 
of several structured methods to plan, design, implement, test 
and operate a system from its conception to the termination of 
its use. 
0079 “logic analysis” means evaluates the safety-critical 
equations, algorithms, and control logic of the Software 
design. 
0080 “low-level language” means the advantage of 
assembly language is that it provides bit-level control of the 
processor allowing tuning of the program for optimal speed 
and performance. For time critical operations, assembly lan 
guage may be necessary in order to generate code which 
executes fast enough for the required operations. 
0081 “maintenance” means activities such as adjusting, 
cleaning, modifying, overhauling equipment to assure perfor 
mance in accordance with requirements. 
0082 “modulate” means varying the characteristics of a 
wave in accordance with another wave or signal, usually to 
make user equipment signals compatible with communica 
tion facilities. 
0.083 'Pascal' means a high-level programming language 
designed to encourage structured programming practices. 
0084 “path analysis” means analysis of a computer pro 
gram to identify all possible paths through the program, to 
detect incomplete paths, or to discover portions of the pro 
gram that are not on any path. 
0085 “quality assurance” means the planned systematic 
activities necessary to ensure that a component, module, or 
system conforms to established technical requirements. 
I0086) “quality control’ means the operational techniques 
and procedures used to achieve quality requirements. 
0087) “software engineering means the application of a 
systematic, disciplined, quantifiable approach to the develop 
ment, operation, and maintenance of software. 
0088 “software engineering environment’ means the 
hardware, software, and firmware used to perform a software 
engineering effort. 
0089) “software hazard analysis” means the identification 
of safety-critical Software, the classification and estimation of 
potential hazards, and identification of program path analysis 
to identify hazardous combinations of internal and environ 
mental program conditions. 
0090 “software reliability” means the probability that 
software will not cause the failure of a system for a specified 
time under specified conditions. 
0.091 “software review' means an evaluation of software 
elements to ascertain discrepancies from planned results and 
to recommend improvement. 
0092 “software safety change analysis” means analysis of 
the safety-critical design elements affected directly or indi 
rectly by the change to show the change does not create a new 
hazard, does not impact on a previously resolved hazard, does 
not make a currently existing hazard more severe, and does 
not adversely affect any safety-critical Software design ele 
ment. 

0093 “software safety code analysis” means verification 
that the safety-critical portions of the design are correctly 
implemented in the code. 
0094) “software safety design analysis” means verifica 
tion that the safety-critical portion of the software design 
correctly implements the safety-critical requirements and 
introduces no new hazards. 
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0.095 “software safety requirements analysis” means 
analysis evaluating software and interface requirements to 
identify errors and deficiencies that could contribute to a 
hazard. 
0096 “software safety test analysis” means analysis dem 
onstrating that safety requirements have been correctly 
implemented and that the software functions safely within its 
specified environment. 
0097 “system administrator” means the person that is 
charged with the overall administration, and operation of a 
computer system. The System Administrator is normally an 
employee or a member of the establishment. 
0.098 “system analysis” means a systematic investigation 
of a real or planned system to determine the functions of the 
system and how they relate to each other and to any other 
system. 
0099 “system design’ means a process of defining the 
hardware and Software architecture, components, modules, 
interfaces, and data for a system to satisfy specified require 
mentS. 

0100 “top-down design’ means pertaining to design 
methodology that starts with the highest level of abstraction 
and proceeds through progressively lower levels. 
0101 “traceability analysis” means the tracing of Soft 
ware Requirements Specifications requirements to system 
requirements in concept documentation. 
0102) “validation” means establishing documented evi 
dence which provides a high degree of assurance that a spe 
cific process will consistently produce a product meeting its 
predetermined specifications and quality attributes. 
0103) “validation, process” means establishing docu 
mented evidence which provides a high degree of assurance 
that a specific process will consistently produce a product 
meeting its predetermined specifications and quality charac 
teristics. 

0.104) “validation, prospective” means validation con 
ducted prior to the distribution of either a new product, or 
product made under a revised manufacturing process, where 
the revisions may affect the product’s characteristics. 
0105 “validation protocol means a written plan stating 
how validation will be conducted, including test parameters, 
product characteristics, production equipment, and decision 
points on what constitutes acceptable test results. 
0106 “validation, retrospective” means validation of a 
process for a product already in distribution based upon accu 
mulated production, testing and control data. Retrospective 
validation can also be useful to augment initial premarket 
prospective validation for new products or changed pro 
cesses. Test data is useful only if the methods and results are 
adequately specific. Whenever test data are used to demon 
strate conformance to specifications, it is important that the 
test methodology be qualified to assure that the test results are 
objective and accurate. 
0.107 “validation, software” means. determination of the 
correctness of the final program or software produced from a 
development project with respect to the user needs and 
requirements. Validation is usually accomplished by Verify 
ing each stage of the Software development life cycle. 
0.108 “structured query language” means a language used 
to interrogate and process data in a relational database. Origi 
nally developed for IBM mainframes, there have been many 
implementations created for mini and micro computer data 
base applications. SQL commands can be used to interac 
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tively work with a data base or can be embedded with a 
programming language to interface with a database. 
0109 “Batch' means a specific quantity of a drug or other 
material that is intended to have uniform character and qual 
ity, within specified limits, and is produced according to a 
single manufacturing order during the same cycle of manu 
facture. 
0110 "Component’ means any ingredient intended for 
use in the manufacture of a drug product, including those that 
may not appear in Such drug product. 
0111 “Drug product” means a finished dosage form, for 
example, tablet, capsule, Solution, etc., that contains an active 
drug ingredient generally, but not necessarily, in association 
with inactive ingredients. The term also includes a finished 
dosage form that does not contain an active ingredient but is 
intended to be used as a placebo. 
0112 Active ingredient’ means any component that is 
intended to furnish pharmacological activity or other direct 
effect in the diagnosis, cure, mitigation, treatment, or preven 
tion of disease, or to affect the structure or any function of the 
body of man or other animals. The term includes those com 
ponents that may undergo chemical change in the manufac 
ture of the drug product and be present in the drug product in 
a modified form intended to furnish the specified activity or 
effect. 
0113 "Inactive ingredient’ means any component other 
than an active ingredient. 
0114 "In-process material' means any material fabri 
cated, compounded, blended, orderived by chemical reaction 
that is produced for, and used in, the preparation of the drug 
product. 
0115 “Lot number, control number, or batch number 
means any distinctive combination of letters, numbers, or 
symbols, or any combination thereof, from which the com 
plete history of the manufacture, processing, packing, hold 
ing, and distribution of a batch or lot of drug product or other 
material can be determined. 
0116 “Quality control unit’ means any person or organi 
zational element designated by the firm to be responsible for 
the duties relating to quality control. 
0117. Acceptance criteria' means the product specifica 
tions and acceptance/rejection criteria, Such as acceptable 
quality level and unacceptable quality level, with an associ 
ated sampling plan, that are necessary for making a decision 
to accept or reject a lot or batch. 
0118 II.) Software Program (Computer Product) 
0119 The invention provides for a software program that 

is programmed in a high-level or low-level programming 
language, preferably a relational language Such as structured 
query language which allows the program to interface with an 
already existing program or a database. Preferably, however, 
the program will be initiated in parallel with the manufactur 
ing process or quality assurance (“OA”) protocol. This will 
allow the ability to monitor the manufacturing and QA pro 
cess from its inception. However, in some instances the pro 
gram can be bootstrapped into an already existing program 
that will allow monitoring from the time of execution (i.e. 
bootstrapped to configurable off-the-shelf software). 
0120. It will be readily apparent to one of skill in the art 
that the preferred embodiment will be a software program that 
can be easily modified to conform to numerous software 
engineering environments. One of ordinary skill in the art will 
understand and will be enabled to utilize the advantages of the 
invention by designing the system with top-down design. The 
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level of abstraction necessary to achieve the desired result 
will be a direct function of the level of complexity of the 
process that is being monitored. For example, the critical 
control point for monitoring an active ingredient versus an 
inactive ingredient may not be equivalent. Similarly, the criti 
cal control point for monitoring an in-process material may 
vary from component to component and often from batch to 
batch. 

I0121 One of ordinary skill will appreciate that to maxi 
mize results the ability to amend the algorithm needed to 
conform to the validation and QA standards set forth by the 
quality control unit on each step during manufacture will be 
preferred. This differential approach to programming will 
provide the greatest level of data analysis leading to the high 
est standard of data integrity. 
0.122 The preferred embodiments may be implemented as 
a method, system, or program using standard Software pro 
gramming and/or engineering techniques to produce Soft 
ware, firmware, hardware, or any combination thereof. The 
term “computerproduct as used herein is intended to encom 
pass one or more computer programs and data files accessible 
from one or more computer-readable devices, firmware, pro 
grammable logic, memory devices (e.g. EEPROMs, ROM’s, 
PROMs, RAM's, SRAM's, etc.) hardware, electronic 
devices, a readable storage diskette, CD-ROM, a file server 
providing access to programs via a network transmission line, 
wireless transmission media, signals propagating through 
space, radio waves, infrared signals, etc. Those of skill in the 
art will recognize that many modifications may be made 
without departing from the scope of the present invention. 
(0123 III.) Analysis 
0.124. The invention provides for a method of analyzing 
data that is compiled as a result of the manufacturing of 
pharmaceuticals. Further the invention provides for the analy 
sis of data that is compiled as a result of a QA program used 
to monitor the manufacture of drugs in order to maintain the 
highest level of data integrity. In one embodiment, the param 
eters of the data will be defined by the quality control unit. 
Generally, the quality control unit will provide endpoints that 
need to be achieved to conform to c(GMP regulations or in 
Some instances an internal endpoint that is more restrictive to 
the minimum levels that need to be achieved. 

0.125. In a preferred embodiment, the invention provides 
for data analysis using boundary value analysis. The bound 
ary value will be set forth by the quality control unit. Using 
the boundary values set forth for a particular phase of manu 
facture the algorithm is defined. Once the algorithm is 
defined, analgorithm analysis (i.e. logic analysis) takes place. 
One of skill in the art will appreciate that a wide variety of 
tools are used to confirm algorithm analysis such as an accu 
racy study processor. 
0.126 One of ordinary skill will appreciate that different 
types of data will require different types of analysis. In a 
further embodiment, the program provides a method of ana 
lyzing block data via a block check. If the block check renders 
an affirmative analysis, the benchmark has been met and the 
analysis continues to the next component. If the block check 
renders a negative the data is flagged via standard recognition 
files known in the art and a hazard analysis and hazard miti 
gation occurs. 
I0127. In a further embodiment, the invention provides for 
data analysis using branch analysis. The test cases will be set 
forth by the quality control unit. 
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0128. In a further embodiment, the invention provides for 
data analysis using control flow analysis. The control flow 
analysis will calibrate the design level set forth by the quality 
control unit which is generated in the design phase. 
0129. In a further embodiment, the invention provides for 
data analysis using failure analysis. The failure analysis is 
initiated using the failure benchmark set forth by the quality 
control unit and then using standard techniques to come to 
error detection. The preferred technique will be top-down. 
For example, error guessing based on quality control group 
parameters which are confirmed by error seeding. 
0130. In a further embodiment, the invention provides for 
data analysis using path analysis. The path analysis will be 
initiated after the design phase and will be used to confirm the 
design level. On of ordinary skill in the art will appreciate that 
the path analysis will be a dynamic analysis depending on the 
complexity of the program modification. For example, the 
path analysis on the output of an end product will be inher 
ently more complex that the path analysis for the validation of 
an in-process material. However, one of ordinary skill will 
understand that the analysis is the same, but the parameters set 
forth by the quality control unit will differ. 
0131 The invention provides for a top-down design to 
software analysis. This preferred embodiment is advanta 
geous because the parameters of analysis will be fixed for any 
given process and will be set forth by the quality control unit. 
Thus, performing software safety code analysis then Software 
safety design analysis, then Software safety requirements 
analysis, and then software safety test analysis will be pre 
ferred. 
0132) The aforementioned analysis methods are used for 
several non-limiting embodiments, including but not limited 
to, Validating QA Software, validating pharmaceutical manu 
facturing, and validating process designs wherein the integra 
tion of the system design will allow for more efficient deter 
mination of acceptance criteria in a batch, in-process 
material, batch number, control number, and lot number and 
allow for increased access time thus achieving a more effi 
cient cost-saving manufacturing process. 
0.133 IV.) Kits/Articles of Manufacture 
0134) For use in basic input/output systems, hardware 
calibrations, Software calibrations, computer systems audits, 
computer system security certification, data validation, dif 
ferent Software system analysis, quality control, and the 
manufacturing of drug products described herein, kits are 
within the scope of the invention. Such kits can comprise a 
carrier, package, or container that is compartmentalized to 
receive one or more containers such as boxes, shrink wrap, 
and the like, each of the container(s) comprising one of the 
separate elements to be used in the method, along with a 
program or insert comprising instructions for use. Such as a 
use described herein. 
0135 The kit of the invention will typically comprise the 
container described above and one or more other containers 
associated therewith that comprise materials desirable from a 
commercial and user standpoint, programs listing contents 
and/or instructions for use, and package inserts with instruc 
tions for use. 
0136. A program can be present on or with the container. 
Directions and or other information can also be included on 
an insert(s) or program(s) which is included with or on the kit. 
The program can be on or associated with the container. 
0.137 The terms “kit' and “article of manufacture' can be 
used as synonyms. 
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0.138. The article of manufacture typically comprises at 
least one container and at least one program. The containers 
can be formed from a variety of materials such as glass, metal 
or plastic. 

EXAMPLES 

0.139 Various aspects of the invention are further 
described and illustrated by way of the several examples that 
follow, none of which is intended to limit the scope of the 
invention. 

Example 1 

Implementation in Clinical Manufacturing Process 

0140. In one embodiment, the invention comprises the 
validation and quality control of drug products manufactured 
during the clinical phase of development. Generally, A phase 
I human clinical trial is initiated to assess the safety of doses 
of a drug product candidate in connection with the treatment 
of a disease. In the study, the safety of single doses when 
utilized as therapy is assessed. The trial design includes deliv 
ery of single doses of a drug product candidate escalating 
from approximately about 25 mg/m to about 275 mg/m 
over the course of the treatment in accordance with a pre 
defined schedule (i.e. parameters defined by quality control 
unit). 
0141 Patients are closely followed for one-week follow 
ing each administration of the drug product candidate. In 
particular, patients are assessed for safety concerns (i.e. tox 
icity, fever, shaking, chills, the development of an immuno 
genic response to the material.) Standard tests and follow-up 
are utilized to monitor each of these safety concerns. Patients 
are also assessed for clinical outcome and particularly treat 
ment of the disease being evaluated. 
0142. The drug product candidate is demonstrated to be 
safe and efficacious, Phase II trials confirm the efficacy and 
refine optimum dosing. 
0143. The drug product candidate is safe in connection 
with the above-discussed trial, a Phase II human clinical trial 
confirms the efficacy and optimum dosing for monotherapy. 
Such trial is accomplished, and entails the same safety and 
outcome analyses, to the above-described trial with the 
exception being that patients do not receive other forms of 
treatment concurrently with the receipt of doses of the drug 
product candidate. 
0144. Once again, as the therapy discussed above is safe 
within the safety criteria discussed above, a Phase III human 
clinical trial is initiated. 
0145 As previously set forth, the acceptance criteria of all 
components used in the drug product manufacture for the 
purposes of the clinical trial are determined by the quality 
control unit. The analysis of the software and hardware occurs 
using any of the methods disclosed herein. (See for example 
FIG. 1 and FIG. 3). The program monitors and processes the 
data and stores the data using standard methods. The data is 
provided to an end user or a plurality of end users for assess 
ing the quality of the batch. Furthermore, the data is stored for 
comparative analysis to previous batches to provide a risk 
based assessment in case of failure. Using the historical 
analysis will provide a more streamlined manufacturing 
approach and will provide cost-saving over time. In addition, 
the invention comprises monitoring the data from initial pro 
cess, monitoring the data at the end process, and monitoring 
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the data from a routine maintenance schedule to ensure the 
system maintain data integrity and validation standard prede 
termined by the quality control unit. 

Example 2 

Implementation in Post-Clinical Commercial 
Manufacturing Process 

0146 Provided the drug product candidate has been 
awarded regulatory approval and is manufactured for com 
mercial use. The invention comprises a method for monitor 
ing the acceptance criteria of all components used in the drug 
product manufacture. The analysis of the software and hard 
ware occurs using any of the methods disclosed herein. (See 
for example FIG. 1 and FIG. 3). The program monitors and 
processes the data and stores the data using methods known in 
the art. The data is provided to an end user or a plurality of end 
users for assessing the quality of the batch. Furthermore, the 
data is stored for comparative analysis to previous batches to 
provide a risk-based assessment in case of failure. Using the 
historical analysis will provide a more streamlined manufac 
turing approach and will provide cost-saving over time. In 
addition, the invention comprises monitoring the data from 
initial process, monitoring the data at the end process, and 
monitoring the data from a routine maintenance schedule to 
ensure the system maintain data integrity and validation stan 
dard predetermined by the quality control unit. 

Example 3 

Integration of Program into Manufacturing Hardware 
System 

0147 The invention comprises the integration of the com 
puter product into a manufacturing hardware system. In this 
context, the term "hardware” means any physical device used 
in the pharmaceutical manufacturing process including, but 
not limited to, blenders, bio-reactors, capping machines, 
chromatography/separation systems, chilled water/circulat 
ing, glycol, coldrooms, clean Steam, clean-in-place (CIP), 
compressed air, D.I./R.O. watersystems, dry heat sterilizers/ 
ovens, fermentation equipment/bio reactors, freezers, filling 
equipment, filtration/purification, HVAC: environmental 
controls, incubators/environmentally controlled chambers, 
labelers, lyophilizers/freeze, dryers, mixing tanks, modular 
cleanrooms, neutralization systems, plant steam and conden 
sate, process tanks/pressure, vessels, refrigerators, separa 
tion/purification equipment, specialty gas, systems, steam 
generators/pure steam systems, Steam sterilizers, stopper 
washers, solvent recovery systems, tower water systems, 
waste inactivation systems/kill systems, vial inspection 
systems, vial washers, water for injection (WFI) systems, 
pure water systems, washers (glass, tank, carboys, etc.). 
0148. It will be understood by one of skill in the art that the 
computer product integrates the hardware via generally 
understood devices in the art (i.e. attached to the analog 
device via an analog to digital converter). 
014.9 The computer product is integrated into the manu 
facturing system on a device by device basis. As previously 
set forth, the acceptance criteria of all devices used in the drug 
product manufacture for the purposes of the manufacturing 
process are determined by the quality control unit. The analy 
sis of the Software and hardware occurs using any of the 
methods disclosed herein. (See for example FIG. 1 and FIG. 
3). The program monitors and processes the data and stores 
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the data using standard methods. The data is provided to an 
end user or a plurality of end users for assessing the quality of 
data generated by the device. Furthermore, the data is stored 
for comparative analysis to previous batches to provide a 
risk-based assessment in case of failure. Using the historical 
analysis will provide a more streamlined manufacturing 
approach and will provide cost-saving over time. In addition, 
the invention comprises monitoring the data from initial pro 
cess, monitoring the data at the end process, and monitoring 
the data from a routine maintenance schedule to ensure the 
system maintain data integrity and validation standard prede 
termined by the quality control unit. 

Example 4 

Integration of Program into Manufacturing Software 
System 

0150. The invention comprises the integration of the com 
puter product into a manufacturing software system. In this 
context, the term “software” means any device used in the 
pharmaceutical manufacturing process including, but not 
limited to user-independent audit trails, time-stamped audit 
trails, data security, confidentiality systems, limited autho 
rized system access, electronic signatures, bar codes, dedi 
cated systems, add-on systems, control files, Internet, LANs, 
etc. 

0151. The computer product is integrated into the manu 
facturing system on a device-by-device basis. As previously 
set forth, the acceptance criteria of all devices used in the drug 
product manufacture for the purposes of the manufacturing 
process are determined by the quality control unit. The analy 
sis of the Software and hardware occurs using any of the 
methods disclosed herein. (See for example FIG. 1 and FIG. 
3). The program monitors and processes the data and stores 
the data using standard methods. The data is provided to an 
end user or a plurality of end users for assessing the quality of 
data generated by the device. Furthermore, the data is stored 
for comparative analysis to previous batches to provide a 
risk-based assessment in case of failure. Using the historical 
analysis will provide a more streamlined manufacturing 
approach and will provide cost-saving over time. In addition, 
the invention comprises monitoring the data from initial pro 
cess, monitoring the data at the end process, and monitoring 
the data from a routine maintenance schedule to ensure the 
system maintain data integrity and validation standard prede 
termined by the quality control unit. 

Example 5 

Integration of Program into Quality Assurance 
System 

0152 The invention comprises the integration of the com 
puter product into a quality assurance system. In this context, 
the term "quality assurance' means the planned systematic 
activities necessary to ensure that a component, module, or 
system conforms to established technical requirements. A 
quality assurance system will compliment either of the sys 
tems set for in the examples entitled “Integration of program 
into manufacturing hardware system” or “Integration of pro 
gram into manufacturing Software system' to ensure data 
integrity and reliability from the data that is generated set 
forth in either of the examples entitled “Implementation in 
Clinical Manufacturing Process” or “Implementation in Post 
Clinical Commercial Manufacturing Process”. 
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0153. The computer product is integrated into the manu 
facturing system on a device-by-device basis. As previously 
set forth, the acceptance criteria of all devices used in the drug 
product manufacture for the purposes of the manufacturing 
process are determined by the quality control unit. The analy 
sis of the Software and hardware occurs using any of the 
methods disclosed herein. (See for example FIG. 1 and FIG. 
3). The program monitors and processes the data and stores 
the data using standard methods. The data is provided to an 
end user or a plurality of end users for assessing the quality of 
data generated by the device. Furthermore, the data is stored 
for comparative analysis to previous batches to provide a 
risk-based assessment in case of failure. Using the historical 
analysis will provide a more streamlined manufacturing 
approach and will provide cost-saving over time. In addition, 
the invention comprises monitoring the data from initial pro 
cess, monitoring the data at the end process, and monitoring 
the data from a routine maintenance schedule to ensure the 
system maintain data integrity and validation standard prede 
termined by the quality control unit. 

Example 6 

Integration of Program and Methods into a 
Comprehensive Cost-Saving System 

0154 The invention comprises a program and method 
integrated into a comprehensive cost-saving pharmaceutical 
manufacturing system. A user, preferably a system adminis 
trator, logs onto the system via secure means (i.e. password or 
other security measures known in the art) and inputs the 
boundary values for aparticular component of the drug manu 
facturing process. The input is at the initial stage, the end 
product state, or any predetermined interval in between that 
has been established for routine maintenance by the quality 
control unit. The data is generated using any one of the vari 
ous analysis methods described herein (as previously stated 
the type of analysis used is functional to the device or protocol 
being monitored or evaluated). Subsequent to the data analy 
sis, any modifications or corrective action to the manufactur 
ing process is implemented. The data is then stored by stan 
dard methods known in the art. Scheduled analysis of the 
stored data is maintained to provide a preventative mainte 
nance of the manufacturing process. Over time, costs are 
reduced due to the tracking of data and analysis of troubled 
areas and frequency of hazards that occur on any given device 
in the manufacturing process. The system is implemented on 
every device which plays a role in drug manufacturing. The 
data compiled from every device is analyzed using the meth 
ods described herein. 
0155 The present invention is not to be limited in scope by 
the embodiments disclosed herein, which are intended as 
single illustrations of individual aspects of the invention, and 
any that are functionally equivalent are within the scope of the 
invention. Various modifications to the models and methods 
of the invention, in addition to those described herein, will 
become apparent to those skilled in the art from the foregoing 
description and teachings, and are similarly intended to fall 
within the scope of the invention. Such modifications or other 
embodiments can be practiced without departing from the 
true scope and spirit of the invention. 

1) A method comprising, 
a) continuously monitoring an acceptance criteria in a 

pharmaceutical manufacturing process, where said 
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pharmaceutical manufacturing process produces an 
active ingredient and wherein the monitoring occurs at a 
critical control point; 

b) compiling data obtained during the monitoring of the 
pharmaceutical manufacturing process and storing the 
data in a historic record, wherein the historic record 
comprises a lot number, control number, or batch num 
ber; 

c) analyzing the historic record to provide a comparative 
analysis against the acceptance criteria, wherein the 
analysis is performed at various times throughout the 
pharmaceutical manufacturing production cycle; 

d) taking corrective action during the pharmaceutical 
manufacturing process based on a comparative analysis 
against the acceptance criteria, wherein said corrective 
action comprises modifying the pharmaceutical manu 
facturing process. 

2) The method of claim 1, wherein the pharmaceutical 
manufacturing process is a batch pharmaceutical manufac 
turing process. 

3) The method of claim 1, wherein the pharmaceutical 
manufacturing process utilizes a chromatography/separation 
system. 

4) The method of claim 1, wherein the pharmaceutical 
manufacturing process utilizes a mixing tank. 

5) The method of claim 1, wherein the pharmaceutical 
manufacturing process utilizes a clean-in-place system. 

6) The method of claim 1, wherein the pharmaceutical 
manufacturing process utilizes a time-stamped audit trail. 

7) The method of claim 1, wherein the acceptance criteria 
is predetermined by a quality control unit. 

8) The method of claim 1, wherein the pharmaceutical 
manufacturing process utilizes filling equipment. 

9) The method of claim 1, wherein the pharmaceutical 
manufacturing process utilizes a lyophilizer/freeze. 

10) The method of claim 1, wherein the pharmaceutical 
manufacturing process utilizes a modular cleanroom. 

11) A method comprising, 
a) continuously monitoring data generated by a pharma 

ceutical chromatography/separation system, wherein 
said chromatography/separation system produces a drug 
product; 

b) maintaining the data over time to provide a historic 
record; 

c) analyzing the historic record to provide a quality assur 
ance determination for said drug product; 

d) taking corrective action to obviate a failure against said 
quality assurance determination. 

12) The method of claim 11, wherein the quality assurance 
determination is based on a quality assurance protocol. 

13) The method of claim 11, wherein the historic record is 
maintained in a SQL database. 

14) The method of claim 11, wherein the chromatography/ 
separation system comprises a specialty gas system. 

15) The method of claim 11, wherein the chromatography/ 
separation system comprises a mixing tank. 

16) The method of claim 11, wherein the chromatography/ 
separation system comprises a plurality of mixing tanks. 

17) The method of claim 11, wherein the chromatography/ 
separation system comprises a bioreactor. 

18) The method of claim 11, wherein the chromatography/ 
separation system comprises a vessel. 

19) The method of claim 11, wherein the chromatography/ 
separation system comprises a filtration system. 
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