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Our sister journal, the Journal of GXP Compliance, 

features the ongoing column, “GXP Talk,” a column 

for discussion of issues identified by readers of 

the journal and the current good practice for 

resolution of those issues. Between 1993 and 2000, 

the US Food and Drug Administration prepared a 

series of communications from FDA headquarters 

to field investigators in which headquarters 

answered questions submitted by the field. These 

communications were made available to the 

Industry as a mechanism for communicating 

current acceptable practice and interpretations 

of the regulations. Based on these FDA “Good 

Manufacturing Practice Notes,” editors Jerry Lanese 

and Alan Smith began a forum where current 

good manufacturing practices (CGMPs) could be 

discussed by journal readers and experts.  

Over the years, the editors of “GXP Talk” have 

received reader questions on various validation 

topics. Some of these questions and the editors’ 

responses are listed in the following sections.

For more information about the Journal of GXP 

Compliance and “GXP Talk,” visit www.IVThome.

com/GXPTalk.

LIMS AND QUALITY ASSURANCE

Reader Question
We are entering instrumental data directly into 

a validated laboratory information management 

system (LIMS), that data is processed within the 

LIMS using a validated macro; the results are 

maintained in the LIMS and then reported on a 

Certificate of Analysis to quality assurance. Is a 

second review by the laboratory required? What 

should be included in that review? What data or 

records should be reviewed by quality assurance (1)? 

Editors’ Response [1]
Since we are clearly dealing with electronic 

records and we are told that the LIMS is validated, 

we assume in this response that the validation 

considered the requirements for electronic records 

and electronic signatures and the system is 

compliant with 21 Code of Federal Regulations 

(CFR) 211 (2). Therefore, we should consider the 

requirements of the predicate rule, 21 CFR 211. 

The “Laboratory Records” paragraph of “Subpart J, 

Records and Reports” states: 

“21 CFR 211.194(a) Laboratory records shall include 
complete data derived from all tests necessary to assure 
compliance with established specifications and standards, 
including examinations and assays, as follows: 

performs each test and the date(s) the tests were 
performed. 

showing that the original records have been reviewed 
for accuracy, completeness, and compliance with 
established standards.”

The original record in the LIMS must be 

signed and dated electronically by the individual 

performing the test [211.194(a)(7)]. Although not 

stated specifically, it is a regulatory expectation, 
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and also a reasonable scientific expectation, that 

the signature of the individual performing the test 

is acknowledgment that the test was performed 

according to approved methods and procedures, 

all defined acceptance criteria have been met, and 

the reported data are accurate and complete. This 

responsibility should be identified in an appropriate 

laboratory procedure. This paragraph [(211.194(a)

(8)] also includes a clear requirement that a second 

individual review the record(s) and verify that the 

data is complete, accurate, and compliant with 

internal procedures and regulatory requirements. 

A second review by the laboratory is required! That 

review should include all of the data entered into 

the system. If any of the data is transcribed from a 

notebook or worksheet, the review should verify the 

accuracy of the transcription and the completeness 

and compliance of the original notebook or 

worksheet record. 

It is reasonable to accept that the values 

calculated within LIMS by the validated macro are 

correct. However, 21 CFR “211.68(b) Automatic, 

Mechanical, and Electronic Equipment” states: 

“Appropriate controls shall be exercised over 
computer or related systems to assure that 
changes in master production and control 
records or other records are instituted only 
by authorized personnel. Input to and 
output from the computer or related system 
of formulas or other records or data shall 

frequency of input/output verification shall be 
based on the complexity and reliability of the 
computer or related system.” 

Although we may accept, on a day-to-day basis, 

that the calculation within the LIMS is accurate, 

there should be a systematic, periodic verification 

that that macro is performing as intended. The 

frequency of that verification should be defined in a 

procedure and based on an evaluation of the science 

and the risk associated with the calculation. This 

includes a periodic evaluation of the accuracy of the 

ultimate report, the certificate of analysis. 

The question about what data or records should 

be reviewed by quality assurance is not as clear. 

“211.192 Production Record Review” states:

“All drug product production and control 
records, including those for packaging and 
labeling, shall be reviewed and approved 
by the quality control unit to determine 
compliance with all established, approved 
written procedures before a batch is released 
or distributed.” 

Laboratory records are control records, and 

companies differ in how they comply with the 

requirement that laboratory records be reviewed 

by the quality control unit. With most firms, it 

is considered that the quality control laboratory 

is part of the quality control unit, the second 

review the laboratory meets the requirement for 

the review and approval of the data and records 

that up the certificate of analysis, and the quality 

assurance department accepts the certificate of 

analysis as an accurate report. In other firms, 

quality assurance reviews all records, including the 

quality control laboratory records before product 

release. Either way meets the “letter of the law.” 

Whatever way a firm chooses to operate, the process 

must be defined in a procedure or procedures and 

responsibilities clearly identified.

VALIDATION REPORTS

Reader Question
If you realize that a record such as a validation 

report, calibration report, or environmental report 

requested by a regulatory agency investigator, has 

not been completed, what should you do? Should 

you show the data or reports that have not been 

reviewed or approved (3)? 

Editors’ Response [1]
When providing documents to an investigator or 

auditor, it is accepted, good practice to review the 

document prior to presenting it to the requester to 

become familiar with it and, heaven forbid, find 

problems that would need to be addressed. 

If a document is incomplete or has not had the 

required review and sign-offs, most importantly, 

do not attempt a “quick fix” and add the missing 

information or sign it; this could cause even more 

problems. 

Instead, begin an immediate investigation 

according to your procedures. Once this 

investigation has been started, present the 

document and inform the investigator or auditor 

that you have found something amiss and have 

started an investigation. You will need to have some 

information or closure to this issue by the end of 

the inspection. 

Generally speaking, if this is seen as a rare 

occurrence, it should not be a problem (given of 

course, what was missing). On the other hand, if 

there are repeated problems with many documents, 

it could point to a systemic issue.

PROCESS VALIDATION

Reader Question
With regard to process validation, at what point 

during development or process transfer of the 

drug product do you challenge the extremes of the 
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process parameters, such as time, speed, pressure, 

or temperature (4)? 

Editors’ Response [1]
There has been an evolution in thinking of 

validation in the past ten years. More firms validate 

on the philosophy that they want to demonstrate 

that they have control of the process during 

normal, anticipated operational conditions. This 

is based on the capabilities of the equipment, the 

normal variation of raw materials and components, 

and what have been identified as critical and 

operational parameters. 

In FDA’s guidance document, Sterile Drug 

Products Produced by Aseptic Processing 

(September 2004), a list of factors is presented that 

a firm should consider as they are developing the 

product and designing the validation protocol. 

Although this guidance is addressed to a specific 

segment of the industry, the concepts apply to other 

segments of the pharmaceutical industry as well 

as the development and validation of processes in 

other industries.

In addressing the factors, the firm needs to give 

a rationale for what it decides to examine or not 

examine. This is not to say that every possible 

“what if” scenario needs to be examined during 

development, but rather, as the guidance states, 

“closely simulate aseptic manufacturing operations 

incorporating, as appropriate, worst-case activities 

and conditions that provide a challenge to aseptic 

operations.” A risk analysis could be part of the 

evaluation of what to challenge. The extremes of 

the critical process parameters, such as time, speed, 

pressure, or temperature should be examined and 

established during development. 

Validation is where you demonstrate that 

you can consistently operate in control; process 

development is where you want to generate an 

understanding of where the “edges of failure” are 

and where the optimal operational range is.

CHANGE CONTROL

Reader Question
Are continuous improvements and process 

improvements subject to change control (5)? 

Editors’ Response [1]
Any change that is not covered in a procedure 

reviewed and approved by the quality unit should 

be handled within the change control program. 

This includes improvements to the processes. 

Changes will require quality unit review and 

approval consistent with the change control system 

and probably some level of regulatory submission 

or report, such as: Prior Approval Supplement, 

Change Being Effected, or Annual Report. 

FDA discusses an environment that promotes 

continual improvements in its recent guidance on 

the Quality System Approach to Pharmaceutical 

Good Manufacturing Practices (GMPs) (6).  

The concept is mentioned in the International 

Conference on Harmonization (ICH) Q8 (7) 

document. There is an interest on the part of both 

the Agency and Industry that continuous process 

improvements can be made with a minimal 

requirement for regulatory submissions. In order 

for this to happen, some or all of the following will 

have to be in place:

a previous submission, that it understands 

the process and the proposed improvement is 

consistent with that information

identified in an approved submission (New 

Drug Application [NDA], Amended New 

Drug Application [ANDA], Biologics License 

Application [BLA], or other market approval 

submission)

submission and meets conditions, such as 

protocol, comparability testing, and acceptance 

criteria, defined in the approved submission.

VIRTUAL PHARMACEUTICAL 
COMPANIES

Reader Question
What should virtual pharmaceutical companies 

expect FDA to inspect during a routine 

surveillance/compliance audit (8)?

Editors’ Response [1]
First, we should give some background information 

on this topic. As our society has become more 

technologically advanced and specialized, it is 

difficult for industry to do everything itself and 

remain competitive. Because of this, companies are 

relying on the expertise and capabilities in other 

organizations. More companies are looking to 

outsource services and functions and concentrate 

on their core competencies, thus, the trend toward 

companies “going virtual” is on the rise. 

FDA has not published guidance, or other 

document, specifically on what quality systems 

they expect virtual pharmaceutical companies 

to employ and what they will look for during an 

investigation of a virtual pharmaceutical company.

The response is based on some assumptions:
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applicable submission (Investigational New 

Drug Application [IND], NDA, BLA, or other 

appropriate registration document)

labels and labeling for the product

team that provides the leadership through the 

product lifecycle (design, develop, transfer, 

produce, package, distribute, monitor, 

decommission).

Two efforts of FDA to encourage the 

pharmaceutical industry to embrace contemporary 

quality concepts and implement contemporary 

quality systems are as follows:

The section of this guidance that is the most 

relevant is MANAGEMENT RESPONSIBILITY. 

Within this, the section, “Oversight of 

Outsourced Materials,” stands out.  

“A pharmaceutical company can outsource 
activities at all stages of the product lifecycle. 

the management responsibilities described 
in this section, extends to the oversight and 
review of outsourced activities. Normally, 
under a contract, the contract giver should 
be responsible for assessing the suitability and 
competence of the contract acceptor to carry 
out the work required. Responsibilities for 
quality-related activities of the contract giver 
and contract acceptor should be specified in a 
written agreement.” (9)

Quality System Approach to Pharmaceutical 
CGMP Regulations (10). The most pertinent 

section in this guidance is also Management 

Responsibilities. Management responsibilities 

include:

  1. Provide leadership:

plans

review

  2.  Structure the organization and identify 

authorities and responsibilities to achieve 

the goals through the product lifecycle

  3.  Build the Quality System to assure 

compliance through the product lifecycle

  4.  Establish and implement appropriate 

policies, procedures, objectives, and plans

  5. Review the system.

In July 2007, the Center for Biologics Evaluation 

and Research (CBER) issued a draft guidance 

(11), Cooperative Manufacturing Arrangements 

for Licensed Biologics, that is directly applicable 

to virtual companies involved with licensed 

biologics. The concepts apply to all pharmaceutical 

firms through the product lifecycle. That guidance 

states: 

“Contract Manufacturing Arrangements. 
For the purposes of this document, contract 
manufacturing refers to a situation in which 
a license manufacturer establishes a contract 
with another entity(s) to perform some or all 
of the manufacture of a product as a service to 
the license manufacturer. 

 “Responsibilities of License Manufacturer. 
A license manufacturer that establishes a 
contract with another entity to perform some 
or all of the manufacture is responsible for:

with the provisions of the BLA and the applicable 
regulations, including, but not limited to, 21 CFR 

standards.”

The virtual company is accountable for 

everything that goes on during the product 

lifecycle. FDA will look for the evidence of an 

appropriate quality system that exhibits the 

following criteria:

with the objectives, plan, product, and 

processes

and quality through the various stages of the 

lifecycle

ACCOUNTABILITY AND RESPONSIBILITY

Reader Question
The terms accountability and responsibility are 

frequently used in quality standards and guidances, 

but are not defined by any major document. It is 

not clear whether these terms are synonyms with 

no difference in meaning or whether there are 

significant or subtle differences in meaning. How 

are these terms to be interpreted or applied within 

a standard or an internal policy or procedure (12)?

Editors’ Response [1]
In addition to being used in quality standards, the 

terms responsibility and accountability are used 

often in both management and political circles. 

Their definitions are, therefore, of wide concern. 
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The problem is that their usage in both professional 

and everyday language varies. 

Dictionaries tend to regard the terms as 

synonymous. However, we, the editors, are aware 

that these words are sometimes used in different 

contexts and can have graduated shades of meaning 

as in the use of “directly responsible” versus 

“indirectly responsible.” Accordingly, we surveyed 

many of our colleagues for their opinions. They 

provided a wide range of opinion with about half 

considering the terms to be synonymous (i.e., “A 

is responsible for performing X type actions” is the 

same as “A is accountable for performing X type 

actions”). The issue becomes more challenging 

when the two words appear in the same sentence 

(e.g., “A is accountable for the results of actions 

performed within his/her areas of responsibility.”). 

In the latter case, it is as though responsibilities 

are action areas which have been assigned 

(i.e., authorized) by a higher body and that 

accountability is recognition by interested parties 

as to who can be “officially held to account” for 

performance within those areas.

We both hold the view that whenever a firm, or 

any organization, communicates or documents its 

practices, it should avoid ambiguity by defining 

each term that it uses so that its meaning is 

individually distinct. This would include making 

sure each synonym used has a separate and distinct 

meaning. We maintain that each organization 

should do this and consider such definitions 

to be internally published “as used in our 

documentation.” We thus propose the following as 

definitions for consideration: 

action or duties being assumed by or formally 

granted to an organizational unit. 

identity of the persons, or organizational units, 

who can be held to account for the adequacy of 

performance of work done or to be done.

Under this arrangement, responsibility is 

something which is assumed or assigned and 

accountability concerns who should be identified 

with the adequacy of performance. The definition 

of accountability would allow not only those who 

actually perform the work to be accountable but 

also those to whom they report either directly or 

less directly through the defined organization. 

It is becoming a well-established principle that 

the highest individual in the organization is 

accountable. This was understood by President 

Harry Truman by his display of the placard on his 

desk in the Oval Office, which read: “The Buck 

Stops Here.”

GMPS AND DEVELOPMENT ACTIVITIES

Reader Question
How much do GMPs apply to development 

activities? What development data can FDA 

investigators inspect during a site or pre-approval 

inspection (13)?

Editors’ Response [1]
Most people tend to regard GMPs as government 

regulation for “product manufacturing” with which 

firms must comply. However, it is more realistic 

to regard the term as embracing practices that 

industry uses to consistently produce a quality 

product. Indeed, in keeping with this, FDA used 

the term, CGMP, where “C” stood for the word 

“current” when, in 21 CFR Sections 210 and 211, in 

1978 and ever since, FDA adhered to the concept of 

assessing the “up-to-dateness” of a firm’s practices 

when performing inspections.

When Parts 210 and 211 were first issued, 

they were intended to be the official regulations 

governing the manufacture of batches intended 

for commercial use. They were not intended 

to apply to development activities with the 

exception of clinical batch manufacture, which 

was referred to in the preamble. However, since 

the issuance of Parts 210 and 211, there has been 

a veritable plethora of non-regulation documents 

issued by FDA, and other organizations, that 

have discussed the development work necessary 

to produce a quality product. Paramount 

among these has been the ICH Q series, which 

identify “product knowledge” data that should 

be included in the product submission (NDA, 

ANDA), and are therefore, available before 

marketing. FDA has provided members of the 

expert work groups that developed the ICH 

Guidelines. The ICH guidelines are thus officially 

recognized as Guidance for Industry by FDA.  

Because good development is a precursor to good 

commercial production, FDA expects such good 

development and looks for this feature when 

performing pre-approval inspections.  An even 

greater emphasis is placed on good development 

in the recent Quality Systems Guidance (6), ICH 

Q8 (7) and ICH Q9 (14), and further emphasis is 

expected in ICH Q10 (9).

In pre-approval inspections, the main focus of 

FDA is on the integrity of the development data 

and the adequacy of the facilities, equipment, 

people, and systems to perform as prescribed in the 

submission. Anything described in the submission, 

or suspected omissions, can be inspected and 

this will include development work. In routine 

inspections, FDA generally does not focus on 
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Originally published in the Summer 2008 issue of 

development work with the possible exception 

of examining data from work performed prior 

to marketing that supports process validation 

and where quality system operation refers to 

development work (e.g., change control).
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INTRODUCTION
This article summarizes useful approaches used 

to reduce validation effort and lessons learned in 

the process of delivering a project. A case study is 

presented illustrating the execution and delivery of 

validation projects.

The aim of every pharmaceutical company today 

is to deliver a drug to the market as fast as possible 

without risk to the patient, while complying with 

the requirements of regulatory bodies and current 

good manufacturing practices (CGMPs).  In order 

for a company to have a competitive advantage, 

companies must review their approaches to 

delivering projects and find a shorter path to the 

end-goal. In the global pharmaceutical arena, 

timing is critical for success. It is with this in mind 

that industry and regulatory agencies have created 

project management, integrated commissioning 

and qualification (ICQ), risk management, 

and science-based approaches based on process 

understanding.  The challenge facing new and 

existing companies is which approach to validation 

to take (i.e., the traditional approach or the more 

progressive approaches).  If the latter option is taken 

the company must be willing to change its mind-

set and also be willing to justify and defend the 

progressive approach to all auditing parties (e.g., 

regulatory bodies, corporate, and customers).

BACKGROUND
This article presents the experiences of the author 

in the execution and delivery of validation projects. 

The execution of numerous projects led to the 

question: How can the validation process be 

streamlined in order to avoid the same pit-falls in 

the next project? Criteria for measuring success were 

established based on a review of previous projects. 

The following key variables must be controlled in 

order to streamline the validation effort:

adopted must be defined, implemented, and 

supported at the initiation of the project.

ensure that each stage of the project lifecycle is 

delivered on schedule.

adequately performed at the initial stage of the 

project to support all validation phases of the 

project, dependent on the approach.

from the onset of the project, while building in 

contingency for potential issues.

based on progressive approaches adopted 

throughout each phase of the project.

The following case study links each one of these 

key factors into an overall validation project (i.e., 

the qualification of a new sterile fill finish facility).

Reduced Validation Effort—
Approaches Used and Lessons 
Learned
Elaine Kelleher and Anne Greene
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CASE STUDY
This case study reviews and discusses the beneficial 

approaches implemented by the company to 

reduce the validation effort. The lessons learned 

were captured in order to avoid problems in future 

projects.

Approach 1: Risk Management
A risk management approach (see Figure 1) was 

undertaken during the project lifecycle specific 

to the qualification/validation activities.  This 

approach included the use of risk assessment tools 

(e.g., IMPACT) to evaluate the impact of the system 

on product quality, to evaluate the criticality of 

the components of a direct impact system as they 

relate to product quality, and determine the level 

of qualification required. Failure modes, effects, 

and criticality analysis (FMECA) assessments were 

then conducted on all “direct impact” systems/

equipment to identify potential failure modes, risks 

(i.e., consequences and effects) associated with 

these potential failure modes and what controls 

should be put in place to reduce the risk.  The 

assessments identified critical process parameters 

associated with the controls and recommended any 

specific qualification requirements.

The following are some of the benefits of risk 

management:

scientific proof for not qualifying every piece of 

equipment, system, and component

system/equipment changes

qualified through the knowledge gained during 

the execution of a risk assessment and the 

impact of failures

been identified and controlled and if a failure 

occurs in the future the risk to project quality 

will be minimal

comments that the company is compliant in all 

operations and up to date with current trends 

in industry.

The following are lessons learned and pitfalls to 

be avoided with respect to managing risk:

without a thorough training program to teach 

participants. Never assume that all personnel 

know how to use the risk assessment tools.

onset; this establishes a basis of acceptance 

from all departments.

daunting task if the appropriate people are not 

participants. Request vendor participation in 

risk assessments.  This reduces the execution 

time based on the vendor’s expertise of the 

equipment/system.

the negativity that can arise from a lack of 

understanding of the process and the belief 

that risk assessments are additional phases in 

the lifecycle of the project. If unchecked, this 

negativity can slow the process down and risk 

assessment is then seen as a hindrance rather 

than an aid.

Approach 2: Integrated Commissioning 
and Qualification
The ICQ approach adopted by the company 

allowed the installation qualification (IQ) to 

progress concurrently with the commissioning 

phase and the operational qualification (OQ) to 

progress concurrently with the site acceptance 

testing (SAT) phase.  The IQ and OQ documents 

were independent documents and the approach 

was such that the qualification was a standalone 

documentation process independent of any factory 

acceptance testing (FAT), commissioning or SAT 

documentation.  Figure 2 provides an overview of 

the approach.

The following are some of the benefits of ICQ:

reducing qualification costs

testing vendor expertise is passed on about the 

systems and equipment to validation personnel

validation project plan (VPP); therefore, “no 

rule changing” during qualification.

Figure 1: Overview of risk management approach.
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the vendor requirements are out-lined at the 

start of the project. 

The following are lessons learned and pitfalls to 

be avoided in regards to ICQ:

commissioning may impact the IQ section 

already executed, thereby causing more 

document generation to re-execute the 

impacted sections

during the OQ phase reduces the number of 

production runs performed on the equipment, 

which typically give the systems a good “shake-

down.”  Due to the reduced number of cycles, 

performance problems may be encountered 

during the cycle development and performance 

qualification (PQ) phases when the vendors 

have left the site.

vendors executed parallel qualifications, which 

resulted in the equipment not being available 

to the operations group for familiarisation 

and training.  When the equipment is made 

available to operating personnel, delays are 

encountered because of lack of experienced 

personnel operating the equipment and 

training. For future projects, more operator 

involvement is recommended during 

qualification.  During the integrated OQ and 

cycle development phases of the project it 

transpired that some of the systems did not 

support the process intended and that resulted 

in a lot of mechanical and software changes.  

These changes would have been eliminated if 

there had been more input from the system 

owners and product development group at the 

early design stage of the project.

ICQ approach for the first time requires the 

commitment of resources into the early phases 

of the project, if not this leads to the late 

approval of documents resulting in delays in 

the execution of the IQ and a direct impact on 

the schedule.

that vendors did not routinely utilize good 

documentation practices. Time delays were 

encountered during execution because time 

was required to train vendors to use good 

documentation practices that are required to 

support ICQ.

vendor testing was resource intensive.

Approach 3: Leveraging of Testing
Leveraging of vendor testing to support CGMP 

critical qualification protocols, with respect to the 

qualification of aseptic processes, was through 

a “wrap around” approach.  A gap analysis 

was performed on the vendor qualification 

documentation for IQ/computer installation 

qualification (CIQ) and OQ/computer operational 

qualification (COQ) against the minimum 

company test requirements for IQ/CIQ and OQ/

COQ as defined in the site validation master 

plan (VMP).  Any testing deficiencies were 

highlighted and were captured in the amended 

vendor’s protocols if part of the scope; otherwise, 

deficiencies were addressed in the company “wrap 

Figure 2: Overview of ICQ approach.
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around” protocols.  The concept of the “wrap 

around” protocol meant that any commissioning 

and SAT vendor testing could be leveraged into the 

IQ/CIQ and OQ/COQ phases of the qualification.  

In order for this approach to work, a very robust 

change request system was implemented. Under 

this system, once IQ started, all changes were 

through the company project change control 

system.  During qualification, if required, all 

vendors captured their changes through the 

vendor’s own change control system, but the same 

changes were also captured through the company 

project change control system.  

In an effort to reduce failures during the PQ 

phase of the protocol and to support the US 

Food and Drug Administration’s aspiration 

of demonstrating process control and process 

improvements, cycle development phases were 

executed prior to PQ for key systems.  The objective 

of cycle development was to conduct optimisation 

studies to determine the critical process variables 

and how to control them within achievable 

limits.  Process set points were determined based 

on the equipment and process capability.  The 

cycle development phase identified and resolved 

potential processing, equipment, sampling, and 

testing problems before entering the PQ phases.  

Cycle development protocols were approved to full 

GMP standards to allow the leveraging of testing to 

support the PQ protocol.  This approach reduced 

the duplication of tests used to develop the cycles 

specific to equipment by reducing the testing, 

reviewing, and approving burden which in turn 

simplified the overall PQ process.

Starting change requests at the commencement of 

IQ tied the project up in a mountain of paperwork. 

This paperwork burden halted progression of 

commissioning while validation and QA approval 

was sought for changes on items that were critical 

(e.g., updating specifications and drawings).  The 

experience led management to accept one update at 

the end of commissioning and “as built” checks of 

all specifications and drawings prior to handover.

Approach 4: Qualification Documentation
A good documentation management system is the 

foundation to support the approaches presented in 

an effort to reduce validation.  The application of a 

good documentation management system will in 

itself reduce the validation effort.

Validation Project Plan
Rather than the top-level VPP, which provides 

an overview of the project, a more detailed VPP 

was approved.  Whenever disagreement arose on 

the approaches applied and decisions made, the 

VPP was used to verify the approaches that all 

departments had agreed upon.  Examples included 

the following: When to perform and approve 

risk assessments; trying to force qualification of 

indirect/no impact systems; the stage at which 

standard operating procedures (SOP’s), calibration 

system, and preventative maintenance system had 

to be implemented in the project; and what testing 

the protocols captured.

User Requirement Specification/Design 
Qualification
In order to streamline the design phase of the 

project, the document requirements were studied.  

In previous projects the user requirement system 

(URS) and design qualification (DQ) documents 

were considered separate documents, but to 

streamline activities they were combined into a 

single URS/DQ document.  This document, when 

implemented at the purchase requisition stage 

of the project, clearly identified the company’s 

expectations to the vendor in the DQ phase.

Integration of Protocols
For the traditional approach to qualification of 

computerised systems, separate CIQ and COQ 

protocol are executed causing double time spent 

in the drafting, review, and approval cycle.  In 

order to reduce time, the company combined the 

CIQ protocol with the IQ protocols and the COQ 

with the OQ protocol, while still allowing parallel 

execution of the phases.  To further streamline 

the process the company combined the IQ and 

OQ protocols into a single IOQ document for less 

complex systems (e.g., freezers, cold-rooms, heal 

sealers, balances, and filter integrity testers).

Templates
The project team learned from previous projects 

that each protocol originator had their own 

interpretation of what each protocol should contain.  

This led to inconsistencies throughout qualification 

documentation covering very complex protocols to 

very vague protocols.  The team generated protocol 

templates specific to each phase of the qualification 

lifecycle.  On implementation of these templates, 

a review was conducted to verify the reduction 

in time spent during protocol generation.  The 

Table shows this reduction in effort and time for a 

typical OQ/COQ protocol for a complex piece of 

equipment (e.g., filling machine).

SAP System
The systems, applications, and products in data 

processing (SAP) system was utilised for the 

issuing of documentation numbers linked to an 
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overall project number and the tracking of these 

documents for full traceability of the documents 

associated with qualification.  A documentation 

controller was appointed to monitor the validation 

module of the SAP system.  The duties of the 

controller included the following: 

originator

document (i.e., approved and archived)

document

documentation within the system.  

This system reduced the time spent on 

administration of overall validation effort. Benefits 

also included prevention of unapproved documents 

being misplaced; providing top-level visibility on 

the status of each document thus enabling the 

originator to take responsibility and advance the 

documents through the system as expediently as 

possible.

Approach 5: Qualification Testing
The level of qualification testing performed on a 

direct impact system/equipment was determined 

through risk assessment.  The tests to be performed 

at each of the qualification phases were outlined 

in the approved templates that were created by 

the validation team. Based on the fact that an ICQ 

approach was used, the majority of testing was 

executed by the vendors and witnessed by company 

personnel.

The following are some of the benefits of the 

approach:

trouble shooting time was greatly reduced 

because the vendor was on hand to help solve 

the issues

achieving a high level of CGMP compliance.  

All documentation was completed and 

attached at the time of testing which reduced 

the subsequent effort of trying to locate 

documentation post execution.

approval to proceed to the next phase of 

qualification, all testing associated with each 

phase of the project was completed to a very 

high standard and was able to progress forward.

The following are lessons learned and pitfalls to 

be avoided:

system reduced documentation time spent in 

the review and approval phase of the project, 

the amount of testing and the same sets of 

tests were being applied to simple equipment 

pieces as to complex systems/equipment.  For 

future projects the company will review the 

testing requirements to be applied to simple 

versus complex systems/equipment from the 

perspective of “nice to have” versus “a regulatory 

requirement.” The approved templates will be 

used as a guide but will not dictate what testing 

is otherwise more appropriate. 

testing, company operations personnel did 

not get much time to become familiar with the 

systems/equipment and thus gain the important 

hands on experience. As a result, time was lost 

because operators still needed the “hands on” 

time to learn the operation of the equipment.  In 

future projects, the company will use operators 

during the ICQ approach allowing the operators 

to operate the systems/equipment while the 

vendors execute the testing.

requirement doubled.  On future projects, 

additional witnessing resources must be planned 

for at the start and throughout the project.

execute the project as far as the OQ stage, there 

was a fear that once the project was handed 

over to the company to execute the PQ phase, 

operating problems could be encountered.  To 

reduce this risk, much of the performance 

testing was performed at the OQ stages for some 

systems/equipment and then repeated in PQ.  

This duplication of testing added additional time 

to the schedule.

repeated—regardless of the test—there was 

a requirement to repeat it three times even if 

the initial test was to be performed only once 

particularly during OQ/COQ testing.  In future, 

Table: Reductions in time.

Activity

Prior to template 

# of days

Template imple-

mentation # of 

days

Drafting 3 days 2 days

Review 5 days 2 days

Address comments 1 day 1 day

Review 2 days 0 days

Approve 1 day 1 day

Total 12 days 6 days
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the test failures will be informally risk assessed 

to determine the re-test procedure. This will be 

stated in the VPP.

development was performed prior to PQ 

execution.  After successful cycle development 

and PQ executions and release of the equipment 

into routine production, failures were observed.  

Although exhaustive testing was performed 

during cycle development, it demonstrates that 

for future projects additional time needs to be 

spent establishing the edge of failure of cycles 

qualified in order to build safety factors into 

operational parameters.

Approach 6: Deviation And Change  
Control Systems
The deviation/change request system is initiated 

once all mechanical checks are complete and the 

IQ phase commences.  Any changes made to the 

equipment/system design or functionality from 

this point must be done formally through the 

project change request system.  At the start of the 

project the deviation and change request forms 

were two different forms.   To reduce the time 

spent in generating different forms and getting 

two sets of approval signatures, the team decided 

to link the two together into one form because, 

in the majority of cases, a change request was 

always linked to a deviation.  The form contains 

an IMPACT assessment section to capture any 

qualification impacts as a result of the change and 

the requirements for re-qualification or requests 

for additional documentation or certification (see 

Figure 3).

Approach 7: Role Of Departments And 
External Contractors
In order for a validation project to be successful, 

the responsibilities of each department and 

external contractor must be adequately defined. 

Assumptions leave gaps in responsibilities.

The following are lessons learned and pitfalls to 

be avoided:

member of the validation project team. As the 

schedule slips and the project becomes more 

aggressive, a culture of shifting responsibilities 

develops. This can be largely prevented 

by having the responsibilities defined and 

approved up front in the VPP.

(e.g., documentation requirements and CGMP 

requirements for vendor IQ/CIQ and OQ/COQ 

execution). Obtain “read and understood” 

signatures prior to procurement of equipment 

and systems.

assurance (QA) department with respect to 

QA requirements during the QA review and 

approval of the validation documentation.

provides an excellent platform for personnel 

involved in the project to become more familiar 

with the equipment and systems.

to the external contract group.  Instead, appoint 

an independent scheduler who will produce 

a realistic schedule that reflects the true time 

requirements of each task.

CONCLUSIONS
The case study presented in this paper demonstrates 

how the defined approaches, when appropriately 

implemented, can reduce the overall validation 

effort (i.e., time and thus cost), without sacrificing 

quality.  Realistic budgeting for resources 

and scheduling is a critical part of validation 

success.   Progressive approaches to validation can 

considerably reduce the validation effort. As P. 

James states in his article on integrated validation 

(9) “validation can be carried out simply, efficiently, 

and logically in a planned and organised manner 

with predictable results.”

Figure 3: Deviation/change request cover page.

DEVIATION/CHANGE REQUEST FORM

Reference Number- 00000000001

Form Issued By/Date: _________________________

SECTION A

Originator:   Date of request: 10.07.2007

Document Name

Document Section

Document Number

Equipment/Area/Method ID

Equipment/Area Number

SECTION B

Change request or deviation description and proposed action

Deviation            Change request

Test methodology          Acceptance criteria       (include any retest requirements)
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INTRODUCTION
Rarely, if ever, do new products and processes work 

perfectly and as designed “right out of the box.” Consider 

a new aircraft that will be put into service and expected 

to transport passengers from place to place.  If you 

knew the aircraft was a completely new model and 

had never been proven or demonstrated to be able to 

sustain flight, would you feel comfortable being among 

the group of passengers selected for its maiden flight?  

You probably would not.  What measures could be 

taken to demonstrate that travel on this craft was safe?  

Subconsciously, it is likely that we trust—we think…

we hope—that the new aircraft has been tested to 

demonstrate that, without a shadow of a doubt, they are 

capable of fulfilling our expectations.

Consider a new process for a pharmaceutical 

drug that will eventually be commercialized.  The 

drug development process includes traditional 

laboratory studies, development work on small-scale 

manufacturing equipment, increasing size batches on 

small equipment, and so on—all of which provide 

theoretical and practical experience supportive to the 

future new product.  Following development of a new 

process, the embryonic process should also undergo a 

large-scale training phase.  This training phase consists 

of preliminary runs, which are often referred to as “scale-

up” runs, “mock” runs, “trial” runs, “demo(nstration)” 

runs, or simply “engineering” runs.  These runs are 

conducted at full scale and provide valuable insight as to 

the future commercial scale process.  Often the full-scale 

work provides new insight into the process—experience 

at large scale may be much different than small scale—

and extremely valuable for development of the eventual 

commercial process.

The recent US Food and Drug Administration Draft 

Guidance 

Practices (1) states the following:  “Before any batch 

from the process is commercially distributed for use 

by consumers, a manufacturer should have gained a 

high degree of assurance in the performance of the 

manufacturing process such that it will consistently 

produce APIs and drug products meeting those 

attributes relating to identity, strength, quality, purity, 

and potency.”  This high degree of assurance is obtained 

through laboratory work and development trials, 

the final of which are full-scale preliminary runs or 

engineering runs.

ENGINEERING RUNS:  DEFINITION
In this article, we will refer to the preliminary run as 

an engineering run.  This term shall encompass all 

other terms used to represent the initial, at-scale run.  

An engineering run is defined as nothing more than 

the initial run that mimics the formal, current good 

manufacturing practice (CGMP) run, performed at 

the same scale.  It permits the opportunity to simulate 

the process at scale using actual process equipment.  It 

also affords manufacturing personnel the opportunity 

to train on executing the process in its entirety.  Most 

importantly, it is a tool often used to confirm that scale-

up of a new process is successful.

Engineering Runs: 
An Insider’s Perspective
Charlie Neal, Jr.
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ENGINEERING RUNS:  ARE THEY GMP?
If we reviewed the history of the FDA, we would 

come away with the notion that the focus of good 

manufacturing practices (GMPs) is control.  Reputable 

drug manufacturers understand that a GMP run requires 

many elements of control.  Do engineering runs have the 

necessary control elements required for GMP run status?  

In most cases, the overwhelming answer to this question 

is no. Commercial processes are born after many hours, 

months, and sometimes years of process development.  

After the process is developed to the point of being fairly 

consistent and robust, it is transferred to a facility capable 

of routine manufacturing at the desirable scale.  The 

transfer is depicted in Figure 1.

Often times, the development facility and the 

manufacturing facility will be separated not only 

by walls and distance, but also by procedures.  It is 

important to understand that procedures represent 

a certain element of control.  Typically, procedures 

found in a development facility are relatively generic.  

On the other hand, procedures common to a GMP 

manufacturing facility are expected to be highly specific.  

The generic procedures found in development lack the 

overall control provided by those generated for use in the 

manufacturing facility.

In general, engineering runs, though often times used 

to simulate a GMP process, are not GMP.  This is true 

in spite of the fact that they are performed in the same 

GMP facility, on the same equipment, and at the same 

scale.  However, aside from being in a specific facility, 

in specific equipment, and at a specific scale, they are 

consciously and purposely performed in the absence of 

“GMP” control.  These runs may be run using all GMP 

precautions and testing to provide an exact test of the 

total organizational systems.  Some organizations prefer 

to do this; however, it is not absolutely necessary to do so.

ENGINEERING RUNS:  NOTEWORTHY 
DIFFERENCES 
Engineering runs differ from a GMP run. During 

development, the performance of the process is 

evaluated at reduced or lab scale (see Figure 1).  These 

reduced scale runs generally are documented in 

laboratory research notebooks or executed using a 

research and development (R&D) batch record to permit 

evaluation of the tentative process parameters.  Typically 

the battery of development batches at increasing 

batch sizes will include a final batch performed in the 

development facility termed a “research” batch.  This 

research batch is performed to demonstrate that the 

process is generally capable of delivering the expected 

results and occurs prior to process scale-up and 

technology transfer to commercial manufacturing.

It is during development that the end-product 

specifications are developed, as key analytics associated 

with the final process are generally used to assess 

(specifications associated with) the completed research 

batch.  Typically, once suitable results are obtained from 

the research batch, the engineering run can be initiated.

The time between completion of the research batch 

and the initiation of activities in the scale-up (or GMP) 

facility is often consumed by activities crucial to the 

success of the upcoming engineering and GMP runs.  

As an example, requisite pre-engineering run activities 

are performed, such as acquisition and release of raw 

materials, equipment preparation and changeover, and 

document preparation. Documents prepared include 

draft batch records, draft standard operating procedures 

(SOPs), item specifications, process flow diagrams, and 

so on.

Once the pre-engineering run tasks have been 

completed, the engineering run can commence.  A 

key trait associated with an engineering run is that it is 

performed on draft manufacturing documents.  This 

is true because this is the first time the process will be 

evaluated at scale, and the likelihood of document 

changes exist.

One should expect a number of process deviations 

during this “de-bugging” process.  Often these 

changes are managed by the development group as 

part of process optimization.  However, lack of full 

involvement by the quality unit will negate the formal 

acknowledgement and resolution of deviations.  Again, 

the true purpose of the engineering run is to permit the 

“n” lab-scale
experiments

Research batch 

typically at 1/10th full

(commercial) scale

Process
Transfer

Engineering 

Run

1st GMP 

Run

2nd GMP 

Run

“nth” GMP

Run

Development Facility
-Equipment on smaller scale

-Generally non-GMP facility, 

  procedure, and personnel

Manufacturing Facility
-Equipment at intended or commercial scale

-Facility, procedures, and personnel expected

  to be under “GMP.”

Figure 1: An illustration of a process transfer.
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“shake down” of the process and the documentation.  It 

affords awareness of process document short comings 

while providing training for the personnel involved. This 

is where the practice run occurs.

Upon completion of the engineering run, efforts will 

begin to perform limited quality control (QC) testing 

to verify that the product meets expectations.  Another 

important activity will be converting the “DRAFT” 

processing documents into formal, GMP documents, 

using knowledge gained during run execution. The 

GMP run is then initiated.  Fortunately, both the GMP 

documents and the process have been “shaken-down.” 

The quality groups should be fully involved in a live 

GMP run:  QC to perform full testing and quality 

assurance (QA) to lead investigations on any deviations 

that surface and to affect final dispositioning and 

release.

ENGINEERING RUNS:  WHY SO 
UNDESIRABLE?
Given the value of the engineering runs, why are they 

so undesirable?  The following three very important 

reasons come to mind: Cost, drug availability, and time.

Cost  
Let there be no doubt that engineering runs can add 

more cost to a company’s budget. There are a number 

of employees from various departments involved with 

Figure 2: Ideal process development Gantt without an engineering run.

Figure 3: Typical process development Gantt.              
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the execution of the engineering run.  Let us examine 

employee X.  Employee X’s wages or salary is based 

upon the employee’s time spent performing certain 

activities.  If employee X spends time contributing to an 

engineering run, the company will most likely off-set 

his salary by charging the cost of the engineering run 

back to the internal or external client.  Other costs to be 

considered are equipment and drug costs.  These can be 

substantial depending on the drug.  However, drug costs 

can also be charged to the internal or external client.  

So, if there is a cost associated with the engineering run, 

it will ultimately be borne or shared by the client.  In the 

case of new drug development, the costs of engineering 

studies including personnel, facility, and drug costs, are 

usually minimal compared to costs of clinical studies.

Drug Availability
Drug availability is another consideration.  In cases 

of a new active pharmaceutical ingredient (API), the 

amount of drug available for R&D and pre-commercial 

development may be limited.  This problem can be 

overcome by better planning and communication of 

needs.  No matter what the circumstances or needs, 

requests will be more favorably received when there 

is adequate time to respond to the request. Timely 

communication is key.

Time
Most companies struggle to stay on a schedule for 

clinical or commercial requirements.  An engineering 

run consumes roughly the same amount of time as a 

regular GMP run.  In many cases, only the testing of the 

engineering batch is less than the GMP batch.

The Gantt charts shown in figures 2 through 7 have 

been added to provide clarity.  It should be understood 

that “units” are used to represent a generic timescale 

due to the fact that the time to conduct the various 

Gantt tasks would vary from company to company.  The 

duration of these units are therefore fictitious and should 

not be misconstrued as realistic.  They are only used to 

show how total time would likely differ from scenario to 

scenario.

The first Gantt (Figure 2) depicts the “Ideal” scenario.  

In this scenario, there is no engineering run.  The time 

required in this example is 5.5 units. 

In Figure 3, the Gantt depicts a process development 

scheme inclusive of the engineering run.  In this 

example, the total time required to have GMP material 

Figure 4: Process development Gantt depicting potential impact of a process deviation.

Figure 5: Ideal process validation Gantt without an engineering run.
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available including the development activities is 6 units.  

Figure 4 illustrates a timeline where a decision has 

been made that no engineering run will be needed—the 

newly scaled-up process will perform flawlessly, the 

processing documents will not require modifications, 

and the results will be as expected.

Unfortunately, the transition to full-scale is faced 

with many deviations that result in enormous delays.  

Given this scenario, the time required to have GMP 

material available is 6.5 units.  If a project is executed 

without engineering runs, the project sponsor must be 

confident that no deviations will occur.  If deviations, 

investigations, or corrective actions and preventive 

actions (CAPA) occur, the time delay may significantly 

exceed the time and cost that would be expended to 

perform the engineering run.  Please bear in mind that 

these units are fictitious and the examples cited are 

used only to demonstrate the time required to reach a 

common end point in each of the three scenarios.

ENGINEERING RUNS:  VALUE TO 
VALIDATION
This article establishes the value of an engineering run 

as companies make the jump from development to 

manufacturing.  Is there another benefit/use for the 

engineering run?  Yes.  Not only are the engineering runs 

valuable during the development-to-manufacturing 

transition, but they can also be of monumental 

importance during the initiation of a process validation 

campaign.

Typically, companies that undertake process 

validation are trying to complete the task within a 

limited window of time.  Often times, they are trying to 

complete the validation in order to be ready for product 

launch.  The path to product launch for FDA-regulated 

products is expected to include process validation.

Process validations typically involve multiple runs.  A 

natural enemy of process validations is a non-conformity 

or process deviation.  This is especially true when they 

cannot be adequately explained or justified.  The first 

run within a process validation campaign often goes 

as planned because it is greatly supported by multiple 

groups in the plan.   It is typically later within the 

campaign when the process deviations occur.  These 

deviations can cause costly and irreparable delays in 

the campaign, especially if there are no reasonable 

explanations for why they occurred.  Also, this is 

highly embarrassing to the validation effort in the 

organization—validation is supposed to confirm 

product and process understanding.  Recall from 

the 2008 FDA process validation draft guidance, 

“…a high degree of assurance…” If a reasonable 

Figure 6: Typical process validation Gantt.

Figure 7: Process validation Gantt depicting potential impact of a process deviation.
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justification for the deviation is provided, it is 

generally acceptable to count the run in which the 

deviation occurred as one of the validation runs.  

However, if a reasonable explanation cannot be 

provided, the rule is usually to restart the validation 

campaign.   Gantts 5 through 7 provide examples 

of possible outcomes with and without these 

engineering runs in a validation campaign.

Figure 5 depicts the “Ideal” scenario.  In this scenario, 

there is no engineering run.  The time required to have 

product ready for launch in this example is 3.5 units. 

In Figure 6, the Gantt depicts a process validation 

scheme inclusive of the engineering run.  This will 

hopefully flush out any lingering process imperfections. 

In this example, the total time required to have launch 

material available including the development activities 

is about 4 units.  

Figure 7 illustrates a timeline where a decision has 

been made that no engineering run will be needed—the 

process validation will perform flawlessly and minimal 

deviations will be encountered.  

Unfortunately, the attempt to validate the process 

is faced with many deviations that lead to enormous 

delays.  Given this scenario, the time required to have 

launch product available is 6.5 units—a full 3 units 

longer than the “ideal” scenario.

There are many similarities between the development-

to-manufacturing and the process validation events.  

Often times, a given process just isn’t ready for validation.   

Similar to the role it plays in a development-to-

manufacturing transition, a trial run can also play a very 

important role in this instance.   The engineering run can 

serve to eliminate opportunities for process deviations, 

which can severely derail a process validation.

Therefore, it should be understandable how a 

deviation can impact the length and duration of a 

validation campaign.  Time spent trying to resolve 

deviations will obviously extend the validation event.  

Again, the engineering run simply provides an extra 

practice run to identify the sources of process deviations 

and perhaps a way to eliminate the likelihood of their 

occurrence.

As with the process development event discussed 

previously, it should be clear why and how performing a 

trial run can benefit the process validation campaign.

CONCLUSIONS
The importance of performing a preliminary run or 

engineering run that mimics the final commercial 

process cannot be overstated.  These runs are invaluable 

to the success of the process at full scale, whether 

they precede the GMP run or a validation campaign.  

Engineering runs are simulations of the actual GMP 

run; they run at the exact same scale in the exact same 

equipment.  When used properly, the engineering run 

bridges the long, dark gap between development and 

manufacturing and paves the way for process validation.  

It serves a number of key purposes.  Minimally, it affords 

an opportunity for the following:

developed process

equipment at the intended scale

beginning to end associated with product 

commercial scale manufacturing.

Each of these are vital to the success of a full-scale 

GMP run or a validation campaign and, ultimately, to 

the launch of a new, commercial product.  Experience 

is of great value when doing processing work.  “Hands-

on,” smart study work addressing all aspects of the 

process, sampling, testing, and documentation is key 

to getting things done right. Engineering runs should 

be considered to be an integral part of the development 

effort.  They should be part of the entire project schedule, 

planned in advance so that costs, time, and drug 

availability can be sufficiently planned.

So, why are engineering runs so often criticized?  

In the opinion of the author, their value is simply 

misunderstood.  Engineering runs are a valuable tool 

that helps with process understanding, eliminates 

potential sources of problems, and minimizes the 

risk of failures, deviations, investigations, and non-

conformances—all of which increase the probability of 

successful process validation.

REFERENCE
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Welcome to “The Aseptic Core.”
This column discusses scientific and regulatory 

aspects of aseptic processing, with an emphasis on 
aseptic formulation and filling.  This column has been 
developed with the intention of providing practical 
advice to professionals involved in the qualification of 
aseptic processes and the myriad support processes 
involved.  The primary objective for this column:  
Useful information.

Aseptic processing is one of the most challenging 
of all pharmaceutical manufacturing processes.  It 
is also one of the most difficult to qualify processes 
because of the risk factors involved.  Without aseptic 
processing, however, many life-saving treatments 
would not be possible—from vaccines against 
childhood diseases to cancer therapies to treatments 
for Hemophilia.  Aseptic processing is a risky but 
necessary process.

With that in mind, it is appropriate that the 
first topic for this column is “Risk Management 
for Aseptic Processes.”  Future topics will include: 
Aseptic process simulations, clean room certification, 
environmental monitoring, aseptic gowning and 
gowning qualification, lyophilization, container and 
closure qualification, and sterile filtration.

Reader comments, questions, and suggestions 
are needed to help us meet our objective for 
this column.   Please e-mail your suggestions to 
shaigney@advanstar.com.

KEY POINTS
The following key points are discussed in this article:

risk management program can help to reduce risk 

while reducing wasted effort.

components in a carefully controlled environment 

using careful techniques to produce a sterile 

product 

lack of post-processing sterilization increases the 

risk of non-sterility, and because the severity of the 

lack of sterility in a parenteral product is extremely 

high

the International Conference on Harmonisation’s 

(ICH) Q9.  It can be divided into four steps: Risk 

assessment, risk control, risk communication, and 

risk review.

qualified experts

assessment include failure mode and effects 

analysis (FMEA), fault tree analysis, and hazard 

analysis and critical control points (HACCP)

accepting risk.  A formal risk control plan may 

be the output of a risk control plan as part of risk 

communication.

Risk Management for Aseptic 
Processing
Ed White
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basis as part of the quality management process

determine project activities to reduce the risk 

level.  If reduction is not possible, there should be 

additional in-process controls, additional testing, 

and additional training to mitigate risk.

determine high-risk processes.  There should 

be proportionately increased sampling, testing, 

or more rigorous acceptance criteria to provide 

greater assurance of process acceptability.

INTRODUCTION
Aseptic processes are some of the most difficult 

processes in the pharmaceutical industry.  Because 

of the nature of aseptic processes, sterile products 

produced aseptically present a significantly higher 

risk to the patient than terminally sterilized products.  

Because of the high level of risk, an effective quality 

risk management program is necessary to protect the 

patient.

An effective risk management program aids in 

the careful control of the process, reducing the risk 

of contamination at the same time it reduces wasted 

effort in controlling risks that are not significant.  This 

column discusses some of the common techniques 

used to manage risks for aseptically processed 

products.

WHAT IS AN ASEPTIC PROCESS?
Aseptic processing involves manipulation of sterile 

components in a carefully controlled environment 

using careful techniques to produce a sterile product.  

While aseptic processing usually involves filling of 

final drug product, there are other types of aseptic 

processes, including aseptic assembly of devices or 

combination products, aseptic crystallization or aseptic 

precipitation of drug product to produce a sterile bulk 

drug substance, and aseptic formulation of final drug 

product.

One thing all aseptic processes have in common is 

their high level of risk.  They require careful control 

of the aseptic environment, of personnel practices 

and procedures, sterilization of equipment and 

components, extensive environmental monitoring, 

and many other controls that will be covered in future 

installments of this column.  The number of controls 

required and the severe consequences of control 

failure make aseptic processing one of the highest risk 

pharmaceutical processes.  Quality risk management is 

an essential tool in ensuring product quality.

QUALITY RISK MANAGEMENT
Although quality risk management (QRM) is a 

relatively new concept to the pharmaceutical industry, 

it has been used in other industries for many decades, 

with some risk assessment tools dating back to the 

World War II era.  The pharmaceutical industry has 

been slow to adopt many of these tools because of 

the industry focus on regulatory compliance as the 

driving force for quality.  This traditional compliance-

based approach had its drawbacks that became more 

evident as the industry became more diverse and 

sophisticated.  A “one-size-fits-all” approach to quality 

became increasingly unworkable, leading the US Food 

and Drug Administration to develop a quality systems 

approach to regulation.

The quality systems approach to the pharmaceutical 

industry was launched on a large scale with the 

FDA publication of Pharmaceutical cGMPs for the 21st 
Century—A Risk Based Approach in August 2002 (1).  

This initiative had the ambitious goal of transforming 

the FDA regulatory approach to the pharmaceutical 

industry into a science-based and risk-based approach 

with an integrated quality systems orientation.

In the time since the publication of the concept 

paper, this initiative has been largely successful, 

leading to publication of international guidance 

documents such as ICH Q9, Quality Risk Management 
(2) and Parenteral Drug Association (PDA) 

for Aseptic Processes (3).  The publication of ICH 
Q10, Pharmaceutical Quality System has further 

enhanced the risk-based approach to pharmaceutical 

manufacturing.

There are many potential uses for quality risk 

management in the pharmaceutical industry, 

including the following:

of internal and external audits

the potential quality impact of quality defects, 

complaints, trends, and non-conformances

environmental monitoring data

equipment, or process on product quality

identifying critical process parameters during 

product and process development

material, equipment, and personnel flows, 

appropriate level of cleanliness for processing 

areas, etc.

of facilities, buildings, and production equipment 

and/or laboratory instruments (including proper 

calibration methods)

validation
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qualification, and validation activities

process to assist in the design of process validation

The uses for quality risk management tools are 

nearly limitless.  A few examples of the uses of these 

tools in aseptic processing include the following:

Equipment and facility design. QRM tools 

such as 3-D risk assessment (4) can be used to 

identify high-risk equipment and facilities, 

as well as low-risk equipment and facilities; 

this will allow risk control efforts to focus on 

eliminating the highest risks.  Design of high-

risk equipment and facilities can be enhanced 

using input from tools such as failure mode and 

effects analysis (FMEA) and fault tree analysis 

to identify potential failure modes.  This input 

allows the equipment designer to add preventive 

measures to the equipment design to reduce 

the occurrence of, or even eliminate, potential 

failure modes.

Equipment and facility qualification.  QRM 

tools can be used to identify the critical aspects of 

the aseptic processing equipment or facility that 

need to be intensively qualified, and the low-risk 

aspects of the equipment or facility.  QRM tools 

can also be used to determine the extent and 

frequency of requalification efforts.

Change control.  QRM tools can be used to 

identify high-risk equipment and facilities that 

need to be maintained under strict change control, 

as well as the equipment and facilities that can 

be placed under a simpler engineering change 

management program.

Process validation.  QRM tools can be 

used to identify the key inputs, key process 

parameters, and key outputs that need to be 

monitored and controlled.  This allows for 

focused process validation that ensures that 

process parameters that are critical to product 

quality are appropriately validated.

What Is Quality Risk Management?
Risk is the combination of the probability of harm and 

the severity of harm.  For the purposes of QRM, it is 

the risk to the patient that is important, not the risk 

to other stakeholders, such as government, industry, 

medical practitioners, etc.

According to ICH Q9, quality risk management is 

defined as “a systematic process for the assessment, 

control, communication, and review of risks to 

the quality of the drug product across the product 

lifecycle” (2).

Some key concepts in this definition are that QRM is 

a systematic process, and that it is designed to manage 

the risks to product quality across the product lifecycle.  

The introduction of a systematic process for managing 

product quality is crucial to consistently providing a 

high-quality product to the customer.

ICH Q9 defines the two primary principles of 

quality risk management as follows:

on scientific knowledge and ultimately link to the 

protection of the patient

of the quality risk management process should be 

commensurate with the level of risk.

These principles lead to a need for a formal risk 

management program for manufacturers of parenteral 

products.  Because these products, which include most 

biotechnology-derived drugs, bypass many of the 

body’s defense systems, the level of risk to the patient 

is significantly higher than in oral or topical products.

THE QUALITY RISK MANAGEMENT 
PROCESS
ICH Q9 describes the quality risk management 

process.  Figure 1 illustrates the components of the 

quality risk management process across the product 

lifecycle.

Risk Assessment
Risk assessment is the first portion of the quality 

risk management process.  It consists of identifying 

potential hazards, analyzing hazards, and risks 

associated with exposure to those hazards.  A few key 

points about the risk assessment process include the 

following:

of qualified experts from disciplines such as 

engineering, quality assurance, validation, and 

manufacturing, preferably facilitated by someone 

familiar with the risk assessment process.  This 

team should clearly define the risk question.  A 

poorly defined risk question can lead to lack of 

focus in the risk assessment.

in the risk assessment:  What can go wrong, how 

likely is it to go wrong, and how severe are the 

consequences?

assessment are given under “Risk Assessment 

Tools.”  These tools share some of the key 

characteristics of a risk assessment process:



PROCESS VALIDATION – Process Qualification 25

Ed White

  Systematic identification of hazards referring to 

the risk question (risk identification)

  Estimation of the risk associated with the 

identified hazard (risk analysis)

  Comparison of the identified and analyzed risk 

against pre-determined criteria (risk evaluation).

The output of the risk assessment portion of the risk 

management process is used in the risk control portion 

of the risk management process.

Risk Control
Risk control consists of developing a plan to reduce and/

or accept risks.  The purpose of risk control is to reduce 

risk to an acceptable level.  The formality and effort of 

risk control should be appropriate for the level of risk.  

The following questions should be asked during this 

phase:

and resources?

A risk control plan may be the output of the risk 

control process.  This plan may be included in a project 

plan or validation master plan, as part of the risk 

communication process.  

Risk Communication
Risk communication is simply that—communication 

of risks between decision makers and other interested 

parties, either within or outside the company.  This 

may be done formally or informally, as appropriate for 

the risk level of the product and process.

Risk Review
Risk review is simply periodic review of risks as part of 

the ongoing quality management process.  Examples 

of where formal or informal risk review might be 

performed include periodic management review, as 

part of a change control program or as part of annual 

product reviews.   However it is performed, risk review 

should be integrated into the quality management 

system.

RISK ASSESSMENT TOOLS
The following is a partial list of some of the risk 

assessment tools used in the pharmaceutical industry.  

This is hardly a comprehensive list. There are 

numerous risk assessment tools available in different 

industries and for different functions within the same 

industry.

3-D Risk Assessment

Three-dimensional (3-D) risk assessment (4) is a risk 

assessment tool that takes into account a system’s 

distance from the process stream, its location along the 

process stream (e.g., active pharmaceutical ingredient 

[API] synthesis, and purification, bulk product 

formulation, sterile filtration, filling and stoppering, 

etc.), and the system’s complexity.  This tool is mainly 

used to assign a risk level to an overall system.   Where 

appropriate, additional risk assessment tools may be 

used to evaluate risks within a pharmaceutical system.  

Figure 2 gives a visual representation of the 3-D 

risk assessment process for a biotechnology-derived 

product (4).

Failure Mode And Effects Analysis
Failure mode and effects analysis (FMEA) is one of the 

most commonly used methods for pharmaceutical 

risk assessment.  It is a team-based structured risk 

assessment method that can assign a numerical risk 

priority number based on relative perceived risk.  A 

FMEA is dependent on the expertise of the team 

members (see Table I).

Hazard Analysis And Critical Control Points
Hazard analysis and critical control points (HACCP) 

is a tool mandated by FDA’s Center for Food Safety 

and Applied Nutrition for use in the seafood industry 

and other food processing industries.  Its use in the 

pharmaceutical industry was described in detail by the 

Figure 1: Risk management process (from ICH Q9).
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World Health Organization (WHO) in 2003 (5). The 

seven principles of HACCP include the following:

monitoring indicates that a particular CCP is not 

under control

that the HACCP system is working effectively

and records appropriate to these principles and 

their application.

Table II illustrates an HACCP worksheet for the 

filling of product into vials for a hypothetical biotech 

company.

Fault Tree Analysis
Fault tree analysis (FTA) is a risk assessment method 

that begins with a failure event, and uses logic 

diagrams to determine the sequence of events required 

to cause the failure.  FTA is frequently used as a design 

tool for critical systems.  FTA can be used with other 

tools such as FMEA to ensure all failure modes are 

included and to develop estimates of the frequency of 

a particular failure mode.

This tool is excellent for equipment design 

and commissioning, for determining procedural 

controls needed to prevent a failure event, and for 

determining qualification and control strategies.  With 

modification, it can also be used to assign probabilities 

to each failure mode.

The limitation of this tool is that it requires a large 

amount of time and effort to construct properly; it 

can expand rapidly as more detail is added.  It is more 

suitable for large, complex systems than for simple 

systems because of the time and effort required.  

Fault tree analysis involves the following steps:

experts to analyze the system

hazards.

Figure 3 shows a partial fault tree diagram for a 

critical failure—cross-contamination between two 

products.  The top event represents the failure. Each 

subsequent level is connected by a logic gate (AND, 

OR, etc.).   As shown in this figure, a fault tree diagram 

can grow rapidly and can become quite complex.

IMPLICATIONS OF RISK ASSESSMENT ON 
PROCESSING
When a process step or other activity is determined 

to be high risk, what should be done?  These 

determinations should cause initiation of project 

activities to reduce the risk level.  However, if 

reduction is not possible, there should be additional 

in-process controls, additional testing, additional 

training, and so on.  In summary, the organization 

should expend additional effort to mitigate or control 

the risk situation.  At the same time, efforts on 

processes or activities that are well controlled or do 

not represent risk can be minimized.  For example, 

a new purified water (PW) supply was planned for 

an aseptic processing facility.  This PW supply was to 

be used as feed water for a water-for-injection (WFI) 

still, for initial rinse water for clean in place (CIP) of 

formulation and filling equipment, and for make-up 

of wash solutions for CIP of formulation and filling 

equipment.  WFI was used for the final rinse of this 

equipment.  Based on these parameters, a 3-D risk 

assessment was performed on the PW system, giving 

the results shown in Table III.

The overall score determined by this risk assessment 

is 30, indicating the overall risk is low to medium.  

This low overall score indicates that detailed formal 

risk assessment methods such as FMEA are not 

needed for this system.  While the overall risk score 

indicates few controls are needed, the distance along 

product stream score indicates that some engineering 

controls and in-process controls are justified.  Based 

on this analysis, the design engineer decides to add 

an ultraviolet (UV) system for controlling bioburden, 

Figure 2: 3-D risk assessment matrix (4).

1) Working cell bank thaw and inoculum cell culture

2) Bioreactor cell culture and harvest

3) Purification

4) Bulk formulation and sterile filtration

5) Post sterile 

filtration, filling,

lyophilization, 

packaging, 

patient information,

delivery to patient

Distance along

product stream

Area of

greatest risk
System complexity

Distance from

product stream

1

2

3

4

5        4        3        2       1

1

2

3

4
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as well as conductivity alarms to indicate system 

problems.  In addition, periodic monitoring and 

trending of system bioburden is justified. A contrasting 

example would be an aseptic filler intended for 

multiproduct use.  This filler is designed for high-speed 

filling and stoppering of several different products 

with rapid changeover.  This filler is designed for 

in-line check weighing, and for automated CIP and 

sterilization in place (SIP).  A 3-D risk assessment of 

this equipment gave the results shown in Table IV.

The risk assessment clearly indicates the filler is a 

high risk system.  Based on this assessment, design and 

process FMEAs were performed on the filler to identify 

controls to mitigate high-risk items.  Table V is a partial 

example of a process FMEA used to identify design 

controls for the new filler.

This example shows a small portion of a detailed 

FMEA for the CIP process for a critical system (aseptic 

filler).  A FMEA such as this one could be used to put 

additional controls into place during design of the 

system, as well as to identify critical items that need to 

be verified during validation.

Table I: Sample FMEA for fill line change over.
System ID

Usage

Failure

Mode

Potential

Effects

S Potential

Causes

O Current

Controls

D RPN Risk

Mitigation

Gaskets and 

silicone tubing 

changed  

between products  

to prevent cross- 

contamination

Gaskets 

and  

tubing not 

changed 

out  

between  

products

Residual  

product could  

remain in  

tubing or  

gaskets,  

contaminating 

next product 

5 Operator error,  

inadequate  

instructions

5 None 5 125 Use documented 

second operator 

check to ensure 

change over is 

performed

Filler is cleaned

in place to ensure 

removal of  

residual product

Filler not 

cleaned

properly

Residual   

product could 

contaminate 

next product

5 CIP not  

performed

1 Filler interlocked 

to prevent use 

without CIP/SIP

1 5 Current controls 

are adequate

5 Excessive  

temperature 

on initial rinse 

causes protein 

denaturation

1 Over temperature 

alarm and cycle 

abort

1 5 Periodic testing 

and calibration of 

alarms

5 Automatic  

chemical  

addition fails

3 Conductivity 

alarm to detect 

failure to add 

chemicals

2 30 Periodic testing 

and calibration of 

alarms

Table II: HACCP worksheet (adapted from FDA CFSAN website).
Firm Name Anonymous Biotech

Firm Address 123 Elm Street, Anywhere, USA

Equipment Description Multi-product filler

Product Description Injectable biotech product

Processing 

step

Potential hazards Are any  

potential  

hazards  

significant? 

 Justification Preventive measures Is this step a CCP 

(Yes/No)?

Fill product 

into vials

Biological-microbial 

contamination of 

product

Yes Non-sterile product 

presents high patient 

risk

Environmental controls 

Personnel controls

Personnel and environ-

mental monitoring

Yes

Physical-needle 

strikes during filling

Yes Needle strikes could 

generate glass  

particulate hazard

Setup tool 

Automatic line stoppage 

on needle strike

Yes

Chemical-protein 

denaturation due to 

foaming

Yes Could cause loss of 

product potency

Needle design 

Bottom-up fill 

Control fill pressure

Yes
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IMPLICATIONS OF RISK DETERMINATION 
ON VALIDATION
What are the implications of high risk processes or 

activities on validation?  When validating high risk 

processes or activities, there should be proportionately 

increased sampling, testing, or more rigorous acceptance 

criteria to provide greater assurance of process 

acceptability.  The 2008 FDA process validation draft 

guidance (6) specifically incorporates the following risk 

management principles: 

variables for DOE studies to minimize the 

total number of experiments conducted while 

maximizing knowledge gained.

covered under individual plans or as part of an 

overall project plan.  The plan should consider 

the requirements of use and can incorporate risk 

management to prioritize certain activities and to 

identify a level of effort in both the performance 

and documentation of qualification activities.”

The European Union Guide to Good Manufacturing 
Practice, “Annex 15” (7), also refers to the use of risk 

management in validation and states, “Significant 

changes to the facilities, the equipment, and the 

processes, which may affect the quality of the product, 

should be validated. A risk assessment approach 

should be used to determine the scope and extent of 

validation.”

How is risk management incorporated into 

validation?  Risk assessment tools are used to 

determine the extent of validation and frequency 

of validation.  A few practical examples of how risk 

management tools are used in validation may be 

helpful.

Low Risk System
A chilled water system was used to cool a jacketed 

tank during formulation of a product prior to sterile 

filtration.  This system contacts the tank jacket only.  

The chilled water system was controlled by an off-the-

shelf temperature control system with a chart recorder.  

A 3-D risk assessment of the chilled water system gave 

the results shown in Table VI.

Because the system is low risk, no qualification 

was necessary beyond engineering commissioning 

of the system.  Once commissioned, the system was 

placed under a standard PM program, and the chart 

recorder and temperature controller were calibrated 

on an annual basis.  

Medium Risk System
A bulk formulation tank was used to compound 

a parenteral product before sterile filtration.  This 

tank was connected to a distributed control system 

(DCS) that controls mixing speed and temperature 

according to setpoints entered by the operator from 

a local panel in the compounding area.  Ingredients 

other than WFI were added manually by the 

operators.  WFI was added from a WFI drop at the 

Figure 3: Fault tree analysis diagram.

AND

Product A 

contaminated with 

Product B

Equipment Not

Cleaned 
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Product A and 

Product B Share
Equipment 

Surfaces

Cleaning 

Procedure Not 
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Cleaning 

Procedure 

Inadequate

A

Cleaning 
Chemistry Wrong

Equipment Failure
Cleaning 

Procedure Wrong
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Table III: 3-D risk assessment for purified water
system.
System Distance 

along prod-

uct stream

Distance 

from  

product 

stream

System 

complexity

Overall 

score

Purified  

water system

5 2 3 30

Table IV: 3-D risk assessment for aseptic filler.
System Distance 

along  

product 

stream

Distance 

from  

product 

stream

System 

complexity

Overall 

score

High-speed 

aseptic filter

5 5 5 125
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mixing tank, which was opened by the operator 

from the DCS local panel.  A level transmitter 

connected to the tank indicates the volume of WFI 

added to the tank.  A 3-D risk assessment of the 

formulation tank gave the results shown in Table 

VII.

Based on the risk score of 60, the system was 

designated as a medium risk system.  Construction 

and operation of the formulation tank were 

verified under installation qualification (IQ) and 

operational qualification (OQ) protocols.  The 

compounding process itself was verified under a 

performance qualification (PQ) protocol.  After 

completing IQ, OQ, and PQ, the formulation 

tank was placed under change control.  No 

periodic requalification was required, but periodic 

assessment of the system was required to ensure it 

maintained its validated state of control.

High Risk System
An injectable protein therapeutic was not stable 

in liquid form and requires lyophilization.  The 

lyophilizer was highly automated, with automated 

CIP and SIP, automated moisture content and 

product temperature monitoring using pressure rise 

methodology, and a supervisory control and data 

acquisition system containing the lyophilization 

recipes for each dosage form of the product.  

Product was loaded into the lyophilizer by an 

auto-loading system.  A 3-D risk assessment of the 

lyophilizer gave the results shown in Table VIII.

Based on the risk score of 125, the lyophilizer was 

designated a high-risk system.  Extensive validation 

efforts, including computerized system validation 

(CSV), CIP, and SIP validation, IQ and OQ 

including shelf mapping, condenser capacity and 

sublimation rate, and other tests were performed 

to characterize the performance of the lyophilizer.  

PQ of the lyophilizer included surrogate lots 

with site specific sampling for moisture content, 

cake appearance and reconstitution, followed by 

media fills and conformance lots for the protein 

therapeutic.  The lyophilizer was placed under 

change control with periodic requalification, 

including shelf mapping and requalification of the 

CIP and SIP processes.  Media fills were performed 

using the lyophilizer on a quarterly basis.

CONCLUSION
Quality risk management is an essential tool for 

qualification of aseptic processes.  It is not just a 

tool for CGMP compliance; it offers real benefits 

to the validation process by identifying risks 

and ensuring that critical risks are controlled.  

By focusing managing risks to the patient, 

pharmaceutical manufacturers can ensure that 

the right resources are applied at the right place 

at the right time—improving patient safety while 

eliminating unnecessary validation efforts.

Table V: Process FMEA example (system=aseptic filler; process=clean-in-place).
Process 

function

Failure mode Potential 

effects

S Potential causes O Current 

controls

D RPN Risk mitigation

Initial rinse 

of fill lines

Inadequate flow 

through filling 

needles

Process 

soil not  

removed

5 Inadequate flow 

rate through  

system

3 Monitor 

and alarm 

flows

1 15 N/A

5 Partially blocked 

needle(s)

3 None 5 75 Verify needles are open 

before CIP, use disposable 

filling manifold

Inadequate flow 

through filling  

manifold

Process 

soil not  

removed

5 Needle design 

does not allow 

adequate flow 

through filling 

manifold

5 None 5 125 Design control, pulsed 

rinse through manifold
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ARTICLE ACRONYM LISTING
API Active Pharmaceutical Ingredient
CCPs Critical Control Points
CIP Clean in Place
CSV Computerized System Validation
DCS Distributed Control Systems
FMEA Failure Mode and Effects Analysis
FTA Fault Tree Analysis
HACCP Hazard Analysis and Critical Control Points
IQ Installation Qualification 
OQ Operational Qualification
PDA Parenteral Drug Association
PQ Performance Qualification
PW Purified Water
QRM Quality Risk Management
SIP Sterilization in Place
UV Ultraviolet
WFI Water for Injection
WHO World Health Organization

Table VII: 3-D risk assessment—medium risk 
system.
System Distance 

along 

product 

stream

Distance 

from product 

stream

System 

complexity

Overall 

score

Bulk formula-

tion tank 

4 5 3 60

Table VI: 3-D risk assessment—low risk system.
System Distance 

along  

product 

stream

Distance 

from product 

stream

System 

complexity

Overall 

score

Chilled  

water system

4 1 1 4

Table VIII: 3-D risk assessment—high-risk 
system.
System Distance 

along 

product 

stream

Distance 

from product 

stream

System 

complexity

Overall 

score

Automated  

lyophilizer

5 5 5 125
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“Validation Case Studies” discusses situations useful 
to practitioners in validation and compliance.  Each 
case presented deals with a specific validation 
problem, elements of which are described with the 
intention of enhancing the knowledge of those 
responsible for solving a firm’s validation problems.  
We intend this column to be a useful resource for 
daily work applications.  The main objective of this 
column:  Useful and practical information.

Reader comments, questions, and suggestions are 
needed to help us fulfill our objective for this 
column.  Case studies illustrating validation issues 
submitted by readers are most welcome.  We need 
your help to make “Validation Case Studies” a 
useful resource.  Please send your comments and 
suggestions to journal coordinating editor Susan 
Haigney at shaigney@advanstar.com.

KEY POINTS DISCUSSED
The following key points are discussed in this article:

A validation case study involving fundamental 

problems in equipment qualification at a drug 

product packaging facility is discussed.  The 

event comprised review of documentation 

associated with qualification of a cartoning 

machine.

This review demonstrated a serious lack of 

understanding fundamental validation and 

qualification practices and requirements 

including protocol preparation, data handling, 

approval practices, and so on.

Specific good manufacturing practice (GMP) 

requirements are cited.

Suggested corrective actions and preventive 

actions (CAPA) for implementation are 

provided.  These included specific equipment 

qualification activities, basic validation 

and qualification procedures, investigation 

procedures, training, data handling, and other 

practices.

INTRODUCTION
This case study was provided to the 

 by a reader who requested 

anonymity.  The circumstances describe an actual 

occurrence.  This discussion will provide:

Background.  A description of the audit 

circumstances.

Issues.  The specific issues identified are 

discussed.

GMP considerations.  The applicable 

current good manufacturing practice (CGMP) 

references are provided.

Discussion.  Key information and analysis 

are discussed.

CAPA.  Actions and improvements to be 

implemented are recommended.

BACKGROUND
During a quality audit of a drug product packaging 

facility, the quality auditor requested to review 

the documentation for the recently completed 

qualification of a cartoning machine.  The audit 

site quality assurance (QA) director handed a 

handwritten unsigned set of papers to the auditor.  

Upon review of the document, the auditor 

Case Study #2—Questionable 
Equipment Qualification
Timothy J. Fields
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requested to review the protocol that was followed 

to collect the data.  The QA director replied that the 

handwritten document indicated the steps that were 

taken as well as the results.  The auditor noted that 

there were no approval signatures on the document 

for either pre-approving the protocol or approval 

of the completed protocol.  The QA director stated 

that they did not approve the protocol until it had 

been typed and reviewed.  When the protocol is 

typed, the data are transferred and typed on the 

protocol so that everything is neat and easy to 

read.  The auditor inquired as to whether the data 

had been typed up yet and was provided the typed 

copy of the executed protocol complete with data.  

Upon comparing the typed version against the 

original handwritten protocol, the auditor observed 

that some of the data did not match between the 

two documents.  When questioned about these 

discrepancies, the QA director stated that the data 

were revised because the operator conducting the 

study did not record the correct information.  The 

auditor further inquired as to the basis for the 

changed data and was told that they knew the data 

were correct based on past experience with similar 

equipment.  When the auditor stated that a typed 

pre-approved protocol should have been provided 

to the operator for execution, the QA director stated 

that they couldn’t write a pre-approved protocol 

because they didn’t know enough about how the 

equipment operated to ensure that it would meet 

the protocol requirements.  Their process was to 

have the senior operator set up the machine and 

run various tests and then record the steps taken 

and the results.  Neither the original handwritten 

document nor the typed document included a 

signature of the operator that conducted the tests 

nor signatures indicating review or approval of the 

documents; however, the equipment was observed 

to be in use during the audit.

The auditor considered these issues as critical 

audit observations.

WHAT ARE THE ISSUES?
The following are issues related to equipment 

qualification and documentation that are involved 

in this case study:

Data transfer.  The process of transferring 

data from the original handwritten document 

to the typed document introduced two issues; 

data was altered without adequate justification 

and there was no verification or review against 

the original raw data to ensure the accurate 

transfer of data. 

Unapproved protocol.  Conducting 

equipment qualification without a pre-approved 

protocol can result in not adequately testing the 

equipment to ensure that it is properly installed 

and operates correctly through all anticipated 

operating ranges.

Equipment specifications.  A pre-approved 

qualification protocol should have been 

prepared using the pre-defined equipment 

specifications.

Signatures.  Although the handwritten 

protocol had been executed and the data 

transferred to a typed document, there were no 

signatures indicating who collected the data or 

that the data were reviewed and approved.

GMP CONSIDERATIONS
The following regulations should be considered:

21CFR 211.22. Responsibilities of quality  

control unit.

21CFR 211.63.  Equipment design, size, location.

21CFR 211.100.  Written procedures; deviations.

DISCUSSION
Equipment qualification relies on verifying that the 

right equipment has been installed and operates 

correctly by executing pre-approved protocols.  

Protocols are developed based on equipment 

requirements and design specifications.  Because 

there were no equipment requirements or design 

specifications for the cartoning machine, the 

contract packager was unable to prepare a pre-

approved protocol.  Although the contract packager 

may have purchased the equipment without a 

detailed specification, some documentation had to 

have existed at some point to enable the company 

to purchase the equipment.  Such documentation 

can be used as a starting point to develop a more 

detailed specification and protocols.  For example, 

at a minimum one would expect a document that 

specified the anticipated size of cartons and line 

speed, as well as electrical requirements, to be 

available prior to purchase.   Such a document 

could form the basis for developing a qualification 

protocol.  If such a document were not available, 

a pre-approved protocol could have been prepared 

based on the “experiments” that were conducted by 

the operator, which were considered the protocol. 

A quality unit representative should have 

reviewed the protocol prior to execution to 

verify that the protocol met applicable regulatory 

requirements and company policies and procedures.  

In addition, the protocol should have been reviewed 

to verify that it was technically correct.
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Prior to transferring the original raw data from 

the handwritten protocol to the typed document, 

the data should have been reviewed by the quality 

unit and a technical representative to ensure 

that the data were correct and consistent with 

the protocol requirements.  Any data errors or 

deviations should have been addressed at that time 

and not after the data were transferred to the typed 

document.   Changing data during the transfer to 

the typed document without documentation to 

support the change can be considered fraud.  An 

investigation and documentation justifying the 

change should be provided.

CORRECTIVE ACTION  
PREVENTIVE ACTION
The following provide some suggested corrective 

and preventive actions that should be implemented 

to address the audit findings:

Use of the cartoning machine should be 

stopped until a properly prepared and approved 

protocol can be developed and executed 

to provide documented evidence that the 

equipment is properly installed and performing 

its function

A procedure should be established requiring 

that prior to execution all qualification and 

validation protocols must be typed and, 

at a minimum, be approved by the quality 

unit and a technical representative (e.g., 

production, validation, engineering)

A procedure should be established to investigate 

any deviations from the pre-approved protocol 

including changes to data

All personnel involved in equipment 

qualification and/or process validation should 

undergo training in the proper way to conduct 

qualification and validation studies

All personnel should be trained in proper 

documentation to understand the issues 

involved with changing data without proper 

documentation to justify the change.  Training 

should also address the requirements to sign 

and date documents when entering data. 

Data transfer practices should be documented 

in a written procedure that requires 

independent verification that the data were 

properly transferred 

GMP training should be conducted to ensure 

that all personnel are familiar with basic GMP 

and documentation requirements.

CONCLUSION
Although the contract packaging company had 

good intentions and understood that the new 

cartoning machine required qualification, the 

company failed to understand some of the basic 

principles of qualification and documentation.  

The lack of a pre-approved protocol based on 

written requirements and specifications, use of 

handwritten protocols, lack of control of data 

transfer, lack of approval of documentation, and 

lack of the signature of the person executing the 

protocol indicate a poor understanding of the basic 

principles of qualification, validation, and GMPs.

ARTICLE ACRONYM LISTING
CAPA  Corrective Actions and Preventive Actions
CGMP  Current Good Manufacturing Practice
GMP  Good Manufacturing Practice
QA  Quality Assurance JVT
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Welcome to “PQ Forum.”
This feature provides a forum for validation 

practitioners to share information about Stage 2 
process qualification (PQ) in the validation lifecycle.  
Information about supporting activities such as 
equipment and analytical validation will also be 
shared.  The information provided should be helpful 
and practical in order to enable application in actual 
work situations.  Our objective:  Useful information.

Process qualification is an extremely important 
stage in the lifecycle approach to process validation.  
Successfully completing the PQ stage demonstrates 
a successful Stage 1 process design program.  Stage 
2 PQ then provides a transition from development 
to routine commercial manufacturing.  A successfully 
executed PQ is possible only if all equipment, 
facilities, utilities, control systems, analytical methods, 
and other associated elements of manufacturing are 
validated and qualified.  Data from a successful PQ 
begin Stage 3 continued process verification.

The quality of documentation is an important 
element in PQ. Document quality includes philosophy, 
strategy, justification, and rationale for the various 
aspects of validation. Document quality also includes 
presentation of content, sentence structure, and 
grammar. These factors influence judgment and 
interpretation of validation documents.  They further 
influence perceptions of the associated organizations 
and individuals. PQ documents are often among the 
first documents requested in a regulatory audit.

“PQ Forum” addresses strategies, approaches, 
and practices associated with these PQ topics.  

We will relay successful solutions to problems as 
communicated by our readers.  

Comments and suggestions from readers are 
needed to help us fulfill our objective for this column. 
Please send comments and suggestions to column 
coordinator Paul Pluta at paul.pluta@comcast.net.

INTRODUCTION
The following was the subject of a lunchtime discussion 

at the Institute of Validation Technology’s 

 in Dublin in March 2010.  Participants 

discussed various problems they had experienced in 

the daily performance of validation at their respective 

sites.  Documentation quality was a major issue.  The 

following discusses one of the major problems described 

by participants.  It further proposes several approaches 

to solve the problem.

The specific problem described involves only one 

sentence—the conclusion drawn from the test results 

in the validation protocol.  Writers of validation 

documents often do not write a clear concluding 

statement.  The absence of a specific sentence that states 

the process, equipment, or utility is validated renders 

the validation document incomplete.  The validation 

document is deficient in a meaningful final conclusion 

for the validation project.

This discussion addresses the following:

Problem.  The specific problem is discussed.

Consequences.  What can happen if this 

problem is overlooked?

Solutions.  Some approaches to addressing 

the problem.

Validation Report Conclusion– 
Is It Validated?
Paul L. Pluta
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Applications.  Other applications of the 

problem solutions.

Training.  Basic training of validation writers to 

eliminate the problem.

PROBLEM
The following describes a simple but very important 

problem with the validation report.  The validation 

report may lack a clear and concise sentence stating 

that the subject (e.g., process, equipment, etc.) of the 

protocol is validated.

The validation report is a key validation document.  

The validation report is also known as the validation 

results document.  The validation report summarizes 

all test results as specified in the validation protocol.  It 

may also summarize results from multiple protocols 

in a more complex validation project.  The validation 

report is often the primary document provided to 

auditors when reviewing the validation status of 

processes or equipment.  It must be clear, concise, and 

well written.  The validation report must clearly state 

the results and conclusions of the validation project—

that the subject of the protocol is validated.

The validation report provides a complete overview 

of the validation so as to stand alone in an internal or 

external audit.  There should usually be little need to 

refer to the protocol or other validation documents 

unless specific details are needed.  The validation report 

should provide a general description of the validation 

and qualification, discuss risk, describe testing and 

acceptance criteria, provide and discuss results, and 

state the appropriate conclusions.  The validation report 

is particularly important when multiple protocols are 

involved in a complex project.  All protocols and their 

interrelationship should be discussed and integrated in 

the validation report.

The format and content of the validation report 

document is straightforward.  Often companies 

have a template that lists the required sections of the 

validation report.  Depending on format, one of the 

later sections in the validation report is the results and 

discussion section.  The problem addressed in this 

discussion involves the final sentence in the results 

and discussion section.  This sentence should clearly 

state whether the subject (e.g., process, cleaning, 

equipment, utilities) of the validation protocol has been 

successfully validated.

The discussion of test results may vary depending on 

the type and circumstances of testing.  In some cases, 

brief statements such as “all results met acceptance 

criteria” are adequate.  In other cases, relatively lengthy 

discussions are required to adequately address test 

results.  Protocol execution problems, data variability, 

protocol exceptions, non-conforming results, and other 

unintended consequences may complicate the results 

and require extensive discussion in this section.  In all 

cases, the final sentence summarizes the content of 

the results and discussion section and provides a final 

conclusion.

The final sentence in the results and discussion 

section should be a clear concluding statement.  In 

many cases, scientists and engineers eloquently discuss 

results but do not clearly state the ultimate conclusion 

for their work.  The final sentence should be something 

like the following:

“These results indicate that _____ is validated.”

The validation report must clearly state whether 

or not the process, equipment, instrument, etc. is 

validated.  Confirming that a process, equipment, etc. 

is validated through extensive testing specified in the 

protocol is the clear objective of the protocol.

FDA Process Validation Draft Guidance
The US Food and Drug Administration’s November 

2008 process validation draft guidance states the need 

for a clear concluding statement in the PQ validation 

report.  It states the following regarding protocol 

execution and report (see Reference):

“A report documenting and assessing adherence to 

the written protocol should be prepared in a timely 

manner after the completion of the protocol.  This 

report should:

Discuss and cross-reference all aspects of  

the protocol.

Summarize data collected and analyze the data, 

as specified by the protocol.

Evaluate any unexpected observations and 

additional data not specified in the protocol.

Summarize and discuss all manufacturing non-

conformances such as deviations, aberrant test 

results, or other information that has bearing on 

the validity of the process.

Describe in sufficient detail any corrective actions 

or changes that should be made to existing 

procedures and controls.

State a clear conclusion as to whether the data 

indicates the process met the conditions established 

in the protocol and whether the process is 

considered to be in a sufficient state of control.  

If not, the report should state what should be 

accomplished before such a conclusion can be 

reached.  This conclusion should be based on a 

documented justification for the approval of the 

process, and release of lots produced by it to the 

market in consideration of the entire compilation of 

knowledge and information gained from the design 

stage through the process qualification stage.

Include all appropriate department and quality 

unit review and approvals.”
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Inadequate Conclusions
Participants in the discussion described some 

inadequate concluding statements.  For example, it is 

not sufficient to simply say something like “Results 

pass,” “Results met acceptance criteria,” “Validation 

OK,” or “Results OK.”  These statements are acceptable 

for judgments regarding specific tests but do not 

adequately describe a completed validation project.

There must be a clear concluding statement that the 

process, equipment, etc. of interest is validated.

CONSEQUENCES
When a clear concluding statement is omitted in the 

validation report, questions arise in the mind of the 

reader.  For example, “Is the _____ really validated?”  

“Why didn’t the report say the _____ is validated?”  “Is 

there something wrong with the data so that the _____ 

is not really validated?”  This forces the reader to look 

more deeply into the report and analyze the data.  A 

more thorough review may occur instead of a minimal 

verification of selected data.  All of this happens because 

a simple sentence (i.e., “The _____ is validated”) was 

omitted.

An Audit Experience
One validation manager described a regulatory audit 

experience in her company.  The auditor requested 

several validation packages associated with the 

manufacturing of a specific product for a pre-approval 

inspection audit.  The process validation report for a 

specific product, the cleaning validation for this same 

product, and the equipment qualification report for 

the tablet compressing machine were requested.  All 

documents were quickly obtained from the validation 

library.  These documents were recently prepared 

and were approved internally by the site validation 

approval committee.

The auditor reviewed the lengthy validation report. 

Multiple manufacturing unit operations were involved.  

Multiple attributes were tested—literally hundreds of 

test data were reviewed.  After paging through more 

than 50 pages of data and narrative, the auditor asked, 

“So is the process validated?”  There was no concluding 

statement.

The report did not explicitly state that the process 

was validated.  It did state that test results “passed,” 

but did not discuss data variation, individual data 

failures, retest results, or other problems.  The main 

problem was that the report did not clearly state that 

the process was validated, suggesting to the auditor 

that there may have been problems in meeting 

protocol acceptance criteria.  Because this final 

conclusion was not clearly stated, the auditor and the 

quality assurance (QA) manager reviewed nearly every 

page of the results report evaluating data, checking 

consistency with laboratory data, noting outliers, 

and generally reviewing all test results.  The auditor 

suspected that because the reports did not explicitly 

state that the process was validated, there must have 

been failures in testing.

The cleaning validation and equipment validation 

also did not explicitly state that the respective cleaning 

process and compressing equipment were validated.  

The auditor was eventually convinced that the 

results were acceptable and all validations had been 

successful.  However, extensive time and effort had 

been wasted in reviewing all data in the documents—

all prompted because the key concluding statement 

was not explicitly written.

SOLUTIONS
Participants in this discussion offered comments 

to solve this problem.  Several suggestions were 

recommended including a validation report template 

with concluding sentences and training for document 

writers.  These approaches were successful in assuring 

that a final conclusions statement was provided.

Validation Report Template
One validation manager suggested that designated 

space for a conclusions statement be added to the 

validation results template.  This approach clearly 

indicates to the writer that a final validation 

conclusion statement is needed and prevents the 

writer from forgetting to write the concluding 

statement.  Several examples were suggested as 

follows:

Validation statement sentence requirement.  

The following requires the author to write a single 

sentence that clearly states that the process or 

equipment was validated and qualified.  This 

approach requires that the writers be trained with 

example statements.  For example, a statement 

such as “Results indicated that _____ is validated” 

or equivalent sentence would be typed into the 

validation conclusion section of the template. The 

prompting comment is deleted in the final report. 

The following is an example with prompting 

comment:  

State in one sentence that the process, equipment, 

or system is or is not validated.

_____________________________________.

Signature ______________  Date __________

Validation statement circle result.  The 

following does not require the author to write a 

conclusion sentence.  It simply requires that the 

author of the report simply circle the appropriate 

response, followed by his signature and date, as 

follows:
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Do results indicate that the process is validated?

Yes     No     (Circle appropriate response)

Signature ______________  Date __________

Either of these examples should prompt the author 

to provide a specific concluding statement and prevent 

the omission of this final statement.

TEST DATA SUMMARY TEMPLATES
Validation managers also suggested that test data 

summary pages be constructed with space to clearly 

compare results with acceptance criteria.  This page 

includes the test name, sampling, and acceptance 

criteria.  A specified location is indicated for each sample 

result required in the protocol.  A space for evaluation 

of the test result vs. acceptance limits is provided.  This 

enables clear judgment whether results meet acceptance 

limits. This page should be included with the validation 

protocol.  It would then be approved by site QA or the 

site validation approval committee.  In addition to “Pass 

or Fail” judgments on data, the page also prompts for 

discussion of failing or unexpected results.  In addition 

to specific data evaluation, this page design is especially 

useful for protocols requiring extensive numbers of 

samples and helps to prevent overlooked samples or 

missing data. 

TRAINING
Validation managers at the  meeting 

agreed that technical, documentation, and approval 

personnel should be trained to address the above 

problem.  One manager commented that she had 

developed two training courses for her site.  These 

were “Validation 101” and “Validation for Protocol 

Writers.”  “Validation 101” was presented to all 

personnel at the site with involvement in validation.  

These included manufacturing, quality assurance, 

engineering, and other groups.  This training provided 

current expectations on validation and elevated the 

understanding of the site on validation topics.  This 

training was especially useful to personnel who 

had learned validation many years ago but had 

not remained current with new developments or 

regulatory expectations.  This training was repeated on 

an annual basis.

The second training, “Validation for Protocol 

Writers,” was presented to people who were directly 

involved with protocols and related documentation.  

These included engineers, technical support people, 

and the site validation approval committee.  This 

training discussed the site templates required for 

validation protocols, results, and other documents.  

It also included relevant aspects of technical writing.  

“Validation for Protocol Writers” established a 

baseline of expectations for those submitting 

validation documents for approval to the site 

validation approval committee.  This training 

provided a clear focus on the quality of validation 

documentation and the importance of a high quality 

validation document.  Validation document authors 

must understand that their documents must be clear, 

concise, “stand-alone” (i.e., not require additional 

explanation), and ”live forever” (i.e., have potential 

for reviewed by auditors for many years in the future).  

The “Validation for Protocol Writers” training also 

provided a standard for the site validation approval 

committee in their review and approval of validation 

documentation—document writers and document 

approvers heard the same consistent message.  This 

training was also repeated on an annual basis.

CONCLUSIONS
The specific problem described involves only one 

sentence—the conclusion drawn from the test results 

in the validation protocol.  The absence of a clear 

sentence that states that the process, equipment, or 

utility is validated does not provide a meaningful final 

conclusion for the validation project. This problem is 

easily solved, especially when the site has a document 

template for use by those preparing validation 

documentation.  The final sentence in the results and 

discussion section should be a concluding statement. 

Templates can be constructed that clearly require a 

final concluding statement.

Authors often write “Pass,” “Results met acceptance 

criteria,” “Results OK,” or other equivalent statement.  

These are not adequate final conclusions for validation 

documentation.  There must be a clear concluding 

statement that the process, equipment, etc. of interest 

is validated.

To not clearly state that “_____ is validated” 

implies that something is wrong with the results.  

The lack of a clear statement can lead to unnecessary 

reviews of data or other unnecessary consequences.  

Further, this omission reflects poorly on the writer, 

on the validation group, on the validation approval 

committee who approved a substandard document, 

and on the organization.
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“PQ Forum” provides a forum for validation 
practitioners to share information about Stage 2 
process qualification (PQ) in the validation lifecycle. 
Information about supporting activities such as 
equipment and analytical validation are also shared. 
The information provided should be helpful and 
practical so as to enable application in actual work 
situations. Our objective:  Useful information.

Comments from readers are needed to help us 
fulfill our objective for this column. Readers are 
invited to participate and contribute manuscripts for 
this column—please share your successful practices 
with others. Contact column coordinator Paul Pluta 
at paul.pluta@comcast.net or journal coordinating 
editor Susan Haigney at shaigney@advanstar.com with 
comments, suggestions, or topics for discussion.

KEY POINTS
The following key points are discussed:

 The site validation approval committee (VAC) 

has a vital responsibility to the manufacturing 

site and is critical to the success of the site 

validation program

 The site VAC has three primary responsibilities: 

technical excellence, compliance, and 

documentation

 Clearly identifying the responsibilities of the 

VAC assures appropriate focus of individual 

members as well as providing standards for 

validation performance at the site

 Members of the VAC must be competent (i.e., 

have the knowledge, experience, maturity, and 

training to fulfill the responsibilities of the 

VAC)

 The VAC should consider themselves to be a 

surrogate regulatory agency auditor when they 

are reviewing validation documents

 The VAC must not approve validation 

documents with obvious grammatical 

deficiencies.

INTRODUCTION
Manufacturing sites commonly have a validation 

approval committee (VAC) that reviews and 

approves validation protocols, validation results, 

process and equipment changes, and related 

documentation. The VAC is a multi-disciplinary 

group with representation from quality assurance, 

manufacturing operations, engineering, product 

technical support, analytical, microbiology, 

regulatory affairs, validation, and other 

departments as needed.  Quality assurance (QA) 

department representatives approve all documents.  

Other representatives review and approve 

documents as needed in their area of expertise 

and responsibility.  For example, the regulatory 

representative reviews and approves product 

change protocols. The regulatory representative 

verifies that there is no impact on regulatory 

filings, and if needed, the regulatory representative 

Responsibilities of the Validation 
Approval Committee
Paul L. Pluta
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initiates the appropriate regulatory submission.  

Another example:  The engineering representative 

reviews and approves specific manufacturing 

equipment change requests for which he has 

expertise; the microbiology representative would 

usually not review and approve such changes. 

The VAC must review and approve validation 

documents as needed at ad hoc meetings, at 

regularly scheduled VAC meetings, or through 

electronic document distribution systems. 

Responsibilities of the VAC
The role of the VAC is extremely important. The site 

validation function depends on the judgment and 

decisions of the VAC. The VAC has the following three 

primary responsibilities:

Technical excellence. The VAC must assure that 

all validation or qualification conducted is based 

on scientific and technical principles whenever 

possible.

Compliance. The VAC must assure validation is 

compliant with relevant site or corporate policies, 

regulatory standards, and industry expectations.

Documentation. The VAC must assure that 

validation documentation must demonstrate the 

technical and compliance aspects of the validation 

in a logical and grammatically correct manner.

Importance of VAC Responsibilities
There must be a clear understanding and agreement 

among VAC members and the validation group 

as to their functions and responsibilities. This is 

important for the following reasons:

 VAC focus. Clearly stating the responsibilities 

of the VAC provides focus and expectations for 

the VAC. The objectives clearly state the areas 

for which the VAC has responsibility.

 VAC expectations. Clearly stating the 

responsibilities of the VAC provides clear 

expectations for those submitting protocols, 

validation plans, and other documents for VAC 

review and approval.

VAC Competence
Members of the VAC must have the knowledge, 

experience, maturity, and training to fulfill the 

responsibilities of this position. VAC membership 

is not appropriate for new or inexperienced 

employees. The VAC must make decisions with the 

wisdom to understand potential consequences of 

their decisions.

TECHNICAL RESPONSIBILITIES OF  
THE VAC
The VAC must ensure that the validation or 

qualification and all associated activities are conducted 

with the following technical considerations:

Scientific and technical principles. 

All validation must confirm that processes, 

equipment, utilities, etc. are performing based on 

scientific and technical principles.

Consistent approach. There should be a 

consistent approach in the performance of 

validation. This approach should be based on risk 

to patient, product, and process. Business risk may 

also be considered.

 Testing and sampling. Rationale for the 

selection of tests conducted in the validation 

or qualification must be provided. Required 

sampling must adequately test processes, 

equipment, and systems to confirm 

acceptability in routine manufacturing in 

quantity of samples and duration of testing. 

Rationale for the sampling conducted in the 

validation or qualification must be provided.

 Operating ranges. Equipment operating 

ranges must be qualified. Operating ranges 

of equipment utilized in product process 

validation must be qualified in appropriate 

equipment qualification documentation. 

 Supporting documentation. Supporting 

technical documents are considered to be 

part of validation documents and provide a 

more complete technical justification for the 

validation. These should be included in the 

validation document or be readily (within 30 

minutes) available.

COMPLIANCE RESPONSIBILITIES OF  
THE VAC
The VAC must ensure that the validation or 

qualification is compliant with relevant policies, 

regulatory standards, and industry expectations. 

Validation compliance means, “You do what you 

say you will do.”  Not following procedures is often 

the number one observation cited in US Food and 

Drug Administration 483 observations. Policies and 

procedures are approved and in place, but they are 

not followed. The following must be considered:

 Internal policies. Validation performance 

must be compliant with internal policies such 

as site policies and corporate policies.

 Regulatory requirements. Validation 

performance must be compliant with FDA and 

international regulatory guidance documents as 

is appropriate for the manufacturing site.

 Industry standards. Validation performance 

must be compliant with industry standards.

This responsibility requires that the VAC 

members maintain awareness of their own site 
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procedures, new regulatory guidance, regulatory 

agency observations, changing industry 

expectations and trends, and so on.

DOCUMENTATION RESPONSIBILITIES 
OF THE VAC
The VAC must ensure that validation 

documentation must demonstrate the technical and 

compliance aspects of the validation in a logical 

and grammatically correct manner. Validation 

documents must contain the following:

 Demonstrate scientific and technical approach. 

The scientific and technical principles that are 

the basis for the validation or qualification 

should be adequately explained in validation 

documentation.

 Attest to compliance with internal and 

corporate policies, regulatory agency 

requirements, and industry standards.

 Logical presentation. Validation documents 

must be written clearly and logically, and 

must be written for the future reader of the 

document.

 Meaningful discussion of results. There must be 

adequate evaluation and discussion of results. 

Simply stating “results pass” is not sufficient.

 Grammatically correct. Validation 

documentation must be grammatically correct.

FDA GUIDANCE
The day-to-day responsibilities of the VAC primarily 

involve with Stage 2 process qualification (PQ). 

The 2011 FDA process validation guidance (1) 

clearly states the agency expectations for Stage 2 

PQ.  The draft guidance identifies the following two 

elements:

 Design of the facility and qualification of the 

equipment and utilities.

 Process performance qualification (PPQ). This 

addresses the approach to PPQ.

PPQ protocol.

PPQ protocol execution and report.

The guidance also specifically addresses 

analytical methodology. These three areas—facility/

equipment/utilities, PQ, and analytical—should be 

areas of definite focus for the VAC.

Facility, Equipment, and Utilities
The FDA guidance specifies the following regarding 

facility, equipment, and utilities:

 Utilities and equipment construction materials, 

operating principles, and performance 

characteristics must be appropriate for their 

specific use.

 Utilities systems and equipment must be 

built and correctly installed, according to 

manufacturer’s directions, and then properly 

maintained and calibrated.

 Utility system and equipment must be 

qualified to operate in the ranges required in 

processing. The equipment should have been 

qualified under production-level loads and for 

production-level durations. Testing should also 

include interventions, stoppage, and start-up as 

is expected during routine production.

The guidance provides specific expectations for a 

plan to qualify facility, equipment, and utilities as 

follows:

 The plan should include risk management to 

prioritize activities and documentation

 The plan should identify:

 Studies or tests to use

 Criteria appropriate to assess outcomes

 Timing of qualification activities

 Responsibilities

 The procedures for documenting and approving 

the qualification

 Change evaluation policy

 Documentation of qualification activities

 QA approval of the qualification plan.

The above is a clear directive to the site validation 

approval committee as to FDA expectations for 

facilities, equipment, and utilities qualification.

Process Performance Qualification
The FDA draft guidance discusses the PPQ 

approach, PPQ protocol, and PPQ protocol 

execution and report.

PPQ approach. The PPQ is intended to confirm 

the process design and development work and 

demonstrate that the commercial manufacturing 

process performs as expected.  This stage is an 

important milestone in the product lifecycle. 

The PPQ should be based on sound science and 

experience. The PPQ should have a higher level 

of testing and sampling. The goal of the PPQ is to 

demonstrate that the process is reproducible and 

will consistently deliver quality products.

PPQ protocol. A written PPQ protocol is 

essential. The protocol should discuss the following:

 Manufacturing conditions, process parameters, 

process limits, and raw material inputs

 Data to be collected and evaluated

 Testing and acceptance criteria

 Sampling plan including sampling points and 

number of samples

 Number of samples should demonstrate 

statistical confidence
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 Confidence level based on risk analysis

 Criteria for a rational conclusion of whether the 

process is acceptable

 Statistical methods used to analyze data

 Provision to address deviations and 

non-conformances

Design of facilities, qualification of equipment 

and facilities

Personnel training

Verification of sources of materials and containers 

and closures

Analytical method validation

Approval by appropriate departments and the 

quality unit.

PPQ protocol execution and report.  

Protocol execution should not start until the 

protocol has been approved.  Changes to the 

approved protocol must be made according to 

established procedures.  The routine manufacturing 

process and procedures must be followed—usual 

conditions, personnel, materials, environments, etc.

The PPQ report should:

 Discuss and cross-reference all aspects of the 

protocol

 Summarize and analyze data

 Evaluate unexpected observations and 

additional data not specified in the protocol

 Discuss deviations and non-conformances

 Describe corrective actions

 State a clear conclusion whether the process 

is validated or if not, what should be done to 

validate the process

 Be approved by appropriate departments and 

the quality unit.

The above is a clear directive to the site validation 

approval committee as to FDA expectations for 

performance qualification.

Analytical
The FDA guidance briefly discusses expectations 

for analytical methodology in process validation, as 

follows:

 Process knowledge depends on accurate and 

precise measuring techniques

 Tests should be scientifically sound (e.g., 

specific, sensitive, accurate), suitable, and 

reliable

 Analytical instruments must function reliably

 Procedures for analytical methods, equipment 

maintenance, documentation practices, and 

calibration practices should be documented or 

described.

 21 CFR Parts 210 and 211 must be followed 

for clinical supply testing, Stage 2, and Stage 3 

testing.

The above is a clear directive to the site validation 

approval committee as to FDA expectations for 

analytical methods and testing.

FDA Interview
A published interview with an FDA investigator (2) 

in 2000 indicated that one of the most important 

deficiencies in process validation is the lack of 

scientific rationale in protocols and acceptance 

criteria. Note the year—2000!  Recent informal 

discussions with FDA investigators indicate that 

these problems still exist even though expectations 

have existed for 10 years. The importance of 

internal peer review by people with varied 

experience was stated.  Consider the following:

rationale, which is what we’re expecting to see.  
We want the process to be there, that you’ve 
come up with a scientific study, a protocol—this 
what you’re attempting to show, and this is 
why, and this is how it is going to be evaluated, 

documentation of the scientific rationale.  

documented it.  I’ve always maintained that if 
you have a good process of developing protocol, 
you’re going to develop good protocols. In a 
good process, that means coming from a logical 
scientific standpoint, looking at it as a scientific 
study, and the whole idea that this is our 
objective, and this is how we’re going to show it 

it to internal peer review.  Make sure enough 
people with varied expertise can look at that 
and say, “Yes, this is a valid study,” and then 

up front, hopefully the execution goes well, and 
years later, when we look at that particular 
study or validation, it’s clear to everyone what 
was done, what the objective was, how it was 
met, and it’s a good complete package.” (2)

The VAC should make sure that the problems 

with validation documents stated above do not 

occur.

VALIDATION APPROVAL COMMITTEE AS 
AN INTERNAL AUDITOR FUNCTION
The VAC should consider themselves to be a 

surrogate FDA (or other regulatory agency) auditor. 

They should review documents without input from 
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the authors.  Validation documents need to be 

“stand-alone” documents that can be understood 

by auditors without questions. If the author of a 

protocol must be present to explain the protocol to 

the VAC, the protocol does not contain sufficient 

information or is not clearly written. Validation 

documents must contain sufficient information 

for future audit by external auditors. The VAC 

responsibility is to review and approve documents 

that will be able to withstand scrutiny by regulatory 

auditors years into the future without explanatory 

input. Validation documents likely will be reviewed 

long after the author or his management has 

changed jobs and is not available. A document 

that “stands alone” and does not require verbal 

explanation to be understood is mandatory.

GRAMMAR, SPELLING, AND 
PUNCTUATION
The VAC may overlook correct grammar, spelling, 

and punctuation as important requirements in 

validation documentation. This often occurs at 

sites with personnel for whom the language of the 

site is not their primary language. The VAC must 

require correct grammar, spelling, and punctuation 

in validation documentation. The services of a site 

technical writer must be requested to correct these 

deficiencies. This person can probably function 

unofficially on an “as needed” basis. The VAC must 

not approve validation documents with obvious 

grammatical deficiencies.

CONCLUSIONS
The VAC has a key responsibility in the site 

validation program. The site VAC has three primary 

responsibilities:  technical excellence, compliance, 

and documentation.  Clearly identifying the 

responsibilities of the VAC assures appropriate focus 

of individual VAC members as well as providing 

standards for validation performance at the site. 

The members of the VAC must be a cross-functional 

group with broad competence. They must have 

the knowledge, experience, maturity, and training 

to fulfill the responsibilities of the VAC. The 

VAC members should consider themselves to be 

surrogate FDA auditors when they are reviewing 

validation documents. They represent the last 

review of a document before FDA or other auditors 

review documentation. While the validation group 

leads the validation program at the manufacturing 

site, the program will not be successful without 

the competence, responsibility, maturity, and full 

commitment of the VAC.
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EDITOR’S NOTE
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aspects of sampling.  The first paper in the series, 

“An Introduction to General Sampling Principles:  

Reducing Bias and Variation in Bulk Sampling,” 
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“Error and Variation in Bulk Material Sampling” 

appeared in  Volume 12, Number 5, Autumn 

2008. The third, “Q&A on Sampling Bulk Materials” 
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2009.  The fourth, “A New Way of Looking at 

Sampling Errors and Data Variation,” appeared in 

Volume 13, Number 3, Summer 2009. The 

fifth, “Sampling Error #10–Data Error,” appeared in 
Volume 14, Number 2.

Dr. Smith is also the author of A Primer for 

of Pierre Gy (1).

ABSTRACT
Recognition of sampling errors and their impact 

on data variation is an important consideration 

in pharmaceutical and medical device validation. 

The evaluation of suspect data may be enhanced 

by consideration of sampling errors. Validation and 

compliance professionals must always be aware of 

the potential for sampling errors and their impact. 

Sampling errors may greatly influence validation 

data, cause incorrect judgments, influence trending, 

add variation, and otherwise significantly affect data 

accuracy and precision.

Sampling errors may be generally categorized as 

Material Errors, Process Errors, Sample Errors, and 

Laboratory Errors.  Ten specific individual sampling 

errors have been identified. Material errors include 

Fundamental Error, Grouping and Segregation Error, 

and Nugget Effect. Material variation is due to its 

composition, its distribution, and inherent material 

non-uniformity. Material variation is often not 

fully appreciated and may impact all other sources 

of variation.  Process errors include Non-periodic 

Process Errors and Periodic Process Errors.  Process 

variation is fairly well understood and contributes to 

data variation in generally predictable ways. Sample 

errors include Sample Definition, Sample Collection, 

and Sample Handling. Sample selection (i.e., sample 

definition and collection) is often not defined to 

a sufficient extent to prevent errors and excessive 

data variation.  Laboratory errors include Analytical 

Error and Data Error. Laboratory error contributions 

to sampling errors are frequently overlooked.  Data 

errors may occur in processing, sampling, and in the 

laboratory.

Example actual occurrences of sampling errors 

directly impacting validation are described.

INTRODUCTION
Sampling is often an overlooked component of 

any validation activity. Validation protocols may 

simply identify required samples to test a process 

without adequately describing the correct method 

for actually obtaining samples and preserving their 

integrity. Manufacturing personnel remove the 

specified samples and place them into apparently 

suitable containers.  Samples are transferred to 

the lab (sometimes a contract facility at another 

site) for testing without specific instructions. Data 

are generated and results calculated per general 

procedures.  When results are not acceptable or 
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are not as expected, an investigation is conducted 

addressing the usual sources of problems—usually 

not including sampling.  Validation personnel must 

recognize that sampling is a vital component of the 

validation effort. Sampling errors may be the sole 

cause of failing data or significantly contribute to 

unexpected or highly variable results.  Sampling 

errors may be overtly obvious (e.g., degradation 

of a frozen sample by exposure to excessive heat). 

Sampling errors may also be completely invisible 

(e.g., data transformation by means of improper 

calculation software).  In any case, sampling is an 

important consideration in pharmaceutical and 

medical device validation and must be considered as 

such by validation professionals.

This discussion addresses types of sampling errors 

relevant to validation that have been identified in 

previous publications. Ten distinct sampling errors 

have been identified. Example actual situations in 

which various sampling errors caused validation 

problems are presented.

SAMPLING ERRORS
Sampling errors were originally reported by Gy (2) 

in 1992. Pitard (3) and Smith and LeBlond (4) have 

identified additional sampling errors.  Gy introduced 

and explained seven errors including fundamental 

error, grouping and segregation error, delimitation 

error, extraction error, preparation error, long-range 

non-periodic process error, and long-range periodic 

process error. Pitard identified two additional 

sampling errors.  These include the nugget effect and 

analytical error.  Smith and LeBlond described the 

data error.

Sample Error Grouping and Individual 
Sampling Errors
The 10 sampling errors have been categorized 

into four major groups. Terminology describing 

these 10 errors has also been adjusted for better 

understanding and to reflect common usage. The 

four groups of sampling errors and their respective 

specific errors are as follows:

Material errors. These include the 

fundamental error, which is generated by 

the composition heterogeneity; the grouping 

and segregation error, which is generated by 

distribution heterogeneity; and the nugget 

effect.  Material errors may impact process 

errors, sampling errors, and laboratory errors.

Process errors. These include non-periodic 

variation and periodic variation associated with 

the process.

Sampling errors. These include sample 

definition, sample collection, and sample 

handling errors.

Laboratory errors. These include analytical 

errors and data errors.  Essentially all above 

errors may affect laboratory errors, and 

conversely, may be affected by laboratory errors.

The error groups and individual errors are depicted 

in the Table. The Table identifies the four respective 

sample groups and enumerates each specific error.  

Errors that are affected by other individual errors 

are also indicated. For example, material segregation 

(generating error #2) may occur during processing 

(errors #4 and 5), during sample handling (error 

#8), and during sampling in the laboratory (error 

#9).  Alternately, test data (error #10) generated in the 

laboratory may have been affected by material errors 

(error #2), sample errors (errors #6, 7, 8), analytical 

errors (error #9), and other data errors (error #10). 

Brief discussions on the above groups and individual 

errors follow.

MATERIAL ERRORS–FUNDAMENTAL 
ERROR, GROUPING AND SEGREGATION 
ERROR, AND NUGGET EFFECT
Material errors comprise three distinct errors. These 

include fundamental error, grouping and segregation 

error, and nugget effect. Material variation is 

composed of the variation due to its composition, 

its distribution during handling of the sample, 

and inherent non-uniformity (nugget effect) in the 

sample.

Material variation is often not fully appreciated. 

An aspect of data variation that is quite important is 

the variation in the material itself. It underlies all the 

other contributors to data variation. The nature of 

the material, how it “behaves” in various situations 

such as in blenders, and how it is “presented” to us 

for sampling must be well understood to minimize 

sampling variation. Material errors are inherent in 

all phases of sampling and may exacerbate process 

errors, sampling errors, and laboratory errors.

Error #1.  Fundamental Error 
The fundamental error relates to the nature or 

composition of the material. This error is inherent 

when the material is sampled and is unavoidable. 

The material we sample varies in its composition 

or constitution, which generates the fundamental 

error. For example, a mixture of powders used to 

manufacture a pharmaceutical tablet contains the 

active drug, binders, fillers, and other formulation 

components. These components have different 

particle sizes, particle densities, particle shapes, 

surface charges, and other differences. This type 

of material variation is called the composition 

heterogeneity. Because the particles are not perfectly 

identical and thus the material not perfectly 
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uniform, our samples will not be a microcosm 

of the lot. Even with “perfect” sampling, there is 

no such thing as a “representative” or “accurate” 

sample. Samples are a subset of the lot, and they are 

representative and accurate only to within the degree 

of precision we are willing to tolerate. Consequently, 

just the act of sampling generates an error, and so 

the sample is not perfectly representative of the lot.  

This is the fundamental error. The size of the error 

depends on the physical properties of the particles 

and also on the amount of material taken in the 

sample. By reducing the maximum particle size or 

by increasing the weight or volume of the sample, 

we can decrease the fundamental error. But we can 

never eliminate it. Validation professionals must 

be aware of the composition and properties of the 

material being sampled and be alert to the potential 

for the fundamental error.

Error #2.  Grouping and Segregation Error
The grouping and segregation error addresses 

how various particles are distributed both in the 

lot and at the particular place where we take a 

sample.  Differences between individual particles 

determine how they are distributed in the lot as well 

as “locally.” They may segregate during transport 

or when transferred from one container to another, 

for instance. This variation in particle location is 

the distribution heterogeneity. Variation in our 

data arises not only because of the composition 

heterogeneity but also because we sample bulk 

material as “clusters” of particles. We do not sample 

particles individually. Further, the material is 

never perfectly blended:  it always has some degree 

of settling or segregation. Even if a near perfect 

blend was achieved, we lose that uniformity when 

we transfer the product from blender to drum to 

hopper. Consequently, we incur the distribution 

heterogeneity, which generates the grouping and 

segregation error.  Taking smaller increments to 

make up the sample can reduce this error. It can also 

be reduced by mixing. This also has applications 

in the lab, where it is beneficial to blend a sample 

(not combine separate samples) before taking an 

aliquot for testing. Unfortunately, perfect blending 

is impossible, so we can never fully eliminate 

this error. By awareness of the composition and 

properties of the material being sampled, validation 

professionals should know the potential for grouping 

and segregation errors.

Error #3.  Nugget Effect
The nugget effect is a sampling error caused by non-

uniformity in material composition and is one cause 

of data values that we might consider outliers.  This 

error is exemplified in the mining industry when 

prospecting for gold. An area of land may be sampled 

to determine the presence of gold. The area to be 

sampled may have a low level of relatively uniform 

gold concentration, but may also have localized 

high concentrations of gold. If not properly sampled, 

it is these high concentrations that may cause our 

test results to be erroneous.  Results may be skewed 

high or skewed low depending on the sample we 

withdraw. If we preferentially sample the high 

concentration “nugget” area, we overestimate the 

true concentration in the total land area of interest. 

If we do not measure the high concentration area, 

we underestimate the true concentration in the total 

land area.

The nugget effect may occur in sampling 

pharmaceutical or nutritional materials such 

as natural products. Nuggets may be individual 

particles, clumped materials due to moisture or 

electrostatic charge, or other localized regions of 

high ingredient concentration in the material to be 

sampled. If the “nuggets” were the active ingredient 

and were a highly potent material, the presence or 

absence of a nugget in a tablet or capsule could have 

significant impact on the patient.

A few abnormal particles in a sample can have 

a devastating effect on estimation. For example, 

we may have material containing a relatively low 

concentration of desirable content but with highly 

variable composition between particles. Those 

particles with the higher, atypical content would 

be considered nuggets. In another instance, raw 

material that gained some moisture may clump 

together. If it were preferentially selected, it would 

appear quite unusual when the lot itself may be 

acceptable in terms of the overall characteristics. 

These uncommon samples can mislead us.  Again, 

validation professionals must be knowledgeable of 

the composition and properties of materials being 

sampled.

PROCESS ERRORS—NON-PERIODIC AND 
PERIODIC PROCESS ERRORS
Process errors include non-periodic process errors 

and periodic process errors.  Process variation is 

fairly well understood and contributes to data 

variation in generally predictable ways.

Error #4.  Non-Periodic Process Errors and 
Error #5.  Periodic Process Errors
There are two sources of process variation: non-

periodic errors and periodic errors. Non-periodic 

process variation is non-random and results from 

process changes showing data shifts and trends. 

We might know there was a process upset or that 

material from a new supplier was non-uniformly 

introduced into the process—both are examples 
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of non-periodic process variation. Periodic process 

variation is also non-random and results from 

cyclic behavior. Temperature and humidity as 

related to storage conditions in the summer (in an 

inadequately environmentally-controlled warehouse) 

are examples of cyclic behavior. An optimal 

sampling strategy, including such things as sampling 

frequency and stratification plans, is beyond the 

scope of this article. Gy describes graphical and 

analytical techniques for examining both non-

periodic and periodic process behavior (2).

Processes change over time, and these changes 

occur for many different reasons. Tracking 

measurements on assorted different characteristics 

is our way of making sure the product has the 

quality we need. We also use tracking to determine 

if something unexpected has happened along the 

way.  We obtain these measurements by sampling the 

material at different points in the process.

Process measurements will always show some 

variation. We expect this.  However, a measurement 

that is “too different” from others in the past is an 

indication that something has changed in the process 

or that the sample was somehow unrepresentative. If 

we cannot find a source for the unusual measurement 

in the process, then we turn to other possible causes. 

Two places to look are the material itself and how it 

is “presented” to us for sampling.  If the material has 

properties that are highly prone to sampling problems 

such as segregation after transfer, process variation 

errors are exaggerated.  Further, incorrect sample 

handling and sample selection can bias process results.

SAMPLE ERRORS–DEFINITION,  
COLLECTION, AND HANDLING
Sample errors include sample definition, sample 

collection, and sample handling.  Sample selection 

is rarely correct and is not proscribed to a sufficient 

extent to prevent errors and variation.

In the following discussion, we combine sample 

definition and sample collection as “sample selection.”

Sample Selection–Sample Definition and 
Collection (Error #6.  Sample Definition and 
Error #7. Sample Collection)
The most misunderstood cause of data variation is 

incorrect sample selection, which includes sample 

definition and sample collection. Sample definition 

is determining what subset of the lot material will 

be in the sample. Sample collection is physically 

obtaining the material identified to be in the sample. 

The principle of correct sampling must be followed to 

reduce errors in sample selection. Every equal-sized 

portion of the lot must have the same chance of being 

in the sample. The sample integrity must be preserved 

both during and after sampling.

This principle is the “bulk sampling” version of 

simple random sampling that is used in statistical 

sampling. Recall that randomness is not the same as 

haphazard. Randomness is a well-defined process 

that can be repeated. The results of the process may 

be different, but the process itself is the same. Think 

about drawing numbers for the lottery. The process is 

the same, but the results vary substantially. 

In simple random sampling, units in the population 

are chosen individually (one at a time), with equal 

probability (every unit has the same chance), and 

completely at random (using a well-defined random 

process).  Not one of these three aspects can be 

accomplished with bulk sampling! The most obvious 

departure is that we do not sample individual units or 

items. Bulk material consists of many, many particles. 

We cannot choose them individually. We select 

particles in groups, always of different sizes, even if 

only slightly, by weight or volume. Thus, we are not 

sampling with equal probability. Finally, we almost 

never sample completely at random.

It is quite clear that the idea of individual selection 

cannot be met in bulk sampling. By way of example, 

let’s look at the other two aspects causing difficulty:  

equal probability and randomness. They are very much 

related. If a sample port limits our access to just surface 

material, then we are not sampling randomly, and 

material far from the port has no chance of being in 

the sample.  If we have material moving along an open 

conveyor belt, then a “grab” sample taken from the 

side does not follow the principle of correct sampling. 

Material on the opposite side has no chance of being in 

the sample, so the selection process is neither random 

nor correct. Further, if the properties of the material 

to be sampled are highly prone to sampling problems 

such as having significant differences in particle size, 

then problems in bulk sampling are more likely to 

occur.

Material that is not well mixed, for example, is 

especially susceptible to violations of the principle of 

correct sampling. An incomplete blending operation 

can result in highly segregated material; hence 

sampling from the top or side will result in a biased 

sample. Particles of different sizes have a tendency to 

separate during transport or transfer. In these cases, we 

see that the grouping and segregation error previously 

discussed compounds the variation and bias from 

incorrect sampling.

Error #8.  Sample Handling
Sample handling is generally considered part of 

the broad category of sampling.  It addresses the 

preservation and integrity of the sample, both during 

and after sampling. Sample handling speaks to 

physical or chemical changes that alter the sample’s 

material composition and the characteristic of interest, 
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which in turn change our measurement. Sample 

handling is often overlooked as a cause of sampling 

problems. For example, a sample may be correctly 

taken on the production floor, packaged, and sent to 

the laboratory for analysis. When the lab receives the 

sample, however, the sample has significantly changed. 

The particle size distribution may be altered due to 

abrasion, or other changes may take place because the 

proper storage temperature of the sample has not been 

maintained during transit.

Sample handling is specialized and generally 

described to fit particular situations.  Typically, our 

procedures for this are very specific and depend 

on the material we are sampling.  For instance, we 

know that some material needs to be covered or 

kept refrigerated until analyzed. Other material 

may require a special pressurized container. We 

recognize that samples not handled properly can 

contribute to increased data variation and even 

wrong values.

When unusual data cannot be explained by 

something atypical in the process or lab, then 

sampling is usually blamed. Unfortunately, the 

aspect of sampling we are most familiar with is 

sample handling—so this is where we focus. While 

it is an important aspect of sampling, there is much 

more that is ignored. In most cases, it is because we 

are unaware of the other aspects of sampling such 

as sample definition and collection that may cause 

variation.

Sample handling must not be taken for granted. 

Validation protocols and sampling instructions must 

clearly specify sample handling requirements for 

production operators as well as for laboratory analysts.

LABORATORY ERRORS—ANALYTICAL AND 
DATA ERRORS
Laboratory errors include analytical error and data 

error. Laboratory errors are well-recognized and 

well-documented. Laboratory errors affect process 

data.  Data errors may further exacerbate process 

errors, sample errors, and laboratory errors.

The lab category includes errors from all 

sample preparation activities and analytical 

testing. Sample preparation errors include 

sample definition, sample collection, and sample 

handling. These considerations when taking 

the sample similarly apply in the lab when the 

laboratory analysts prepare the actual material 

to be tested. For example, a 100-gram sample of 

powder mixture is submitted for testing in the 

lab. The laboratory analyst only needs 5 grams for 

sample preparation and testing. The definition, 

collection, and handling of the 5-gram sample 

introduce variation into the final test data. After 

the 5-gram sample is prepared using procedures 

such as grinding, extraction, dilution, and 

so on, the sample is ready for instrumental 

analysis. If the material properties are highly 

prone to sampling problems such as material 

segregation due to different particle size, the 

sample preparation errors may be significant. 

Actual testing with an analytical instrument also 

contributes an analytical  

error.

Error #9.  Analytical Error
The category of lab error includes sample preparation 

in the lab, which usually consists of several steps. 

Analytical error also involves the error due to the 

analytical instrument. This error may be determined 

by performing an instrument precision study in 

which the same sample is re-injected through high-

performance liquid chromatography (HPLC) multiple 

times and mean and standard deviation are calculated. 

The analytical error may also include human 

performance variation in the laboratory procedure 

including such things as incomplete dissolution, 

splattering during heating, and reading the liquid 

meniscus improperly. Use of multiple standards will 

also contribute to data error.  Analytical instruments 

include pumps, timers, transfer mechanisms, and 

other mechanical equipment, all of which contribute 

variation to the final test result.

We monitor lab results by using control charts. We 

use them on standards. We might also use them on 

process data. Unusual values or patterns can be flagged 

and examined. In such situations, our typical first steps 

might be to check that the instrument was calibrated, 

rerun a standard, or retest the sample. Unusual process 

values are typically attributed to process variation, 

and the lab might contact the appropriate process 

personnel to see if they have an explanation. If not, 

and if the lab can find nothing wrong with its analysis, 

then “sampling” is often blamed. But as we have seen, 

two of the components of sampling, sample definition 

and collection, are not often investigated very 

thoroughly, either inside or outside the lab.

Error #10.  Data Error
Data errors are included in the laboratory error 

category because that is where they are more likely 

to occur. They can, however, arise anywhere in the 

process or in sampling. They consist of all mistakes and 

inaccuracies that occur in manual data recording, data 

transfer, and data treatment, whether done manually 

or by computer.  Data errors that have been identified 

include the following:

Data recording. This refers to mistakes caused 

by sampling personnel or laboratory personnel 

in recording sample weights, analytical results, 

and other manual recording of data. Accurate 
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and correct data recording is fundamental to 

the sampling process. This refers to inadvertent 

mistakes by personnel in recording sample 

weights, transposing numbers, forgetting 

numbers, and so on as might happen in the 

manual recording of data.

Data transfer–rounding, manual, and 

electronic errors. This refers to errors or 

mistakes in the transfer of original data. Transfer 

may occur by human intervention or by electronic 

means. Accurate and correct data recording is 

fundamental to the sampling process. Data 

integrity may be damaged inadvertently by 

personnel who are simply transferring data or 

original records, compiling lists, entering data 

into computer systems, and so on.  Data may also 

be transferred electronically between different 

computer software programs.

Calculations. Manual calculations performed 

by humans are prone to mistakes. Even when all 

input numbers are correct, mistakes can occur.  

Calculators may be operated incorrectly, equations 

may be misread, and so on. People unfamiliar 

with algebraic notations may be asked to perform 

calculations because they are presumably so easy. 

Electronic calculations should be much less likely 

to produce errors. However, when impacted by 

humans, these methods may produce errors.

Data treatment software. This refers to an 

incorrect choice of data treatment program or 

options within a software program. Data error 

may be caused by an incorrect choice of data 

treatment program. Often decisions are not 

based on raw data themselves, but on statistics 

that are calculated from the raw data. Even if the 

integrity of the raw data is properly preserved 

during recording and transfer, an inadequate 

computing system or use of an inappropriate 

statistical procedure during analysis may lead to 

an incorrectly calculated or inappropriate decision 

statistic. For example, complex calculations such 

as regression may be performed using computer 

software that does not preserve an adequate 

number of digits in its computations. An example 

of an inappropriate decision statistic in MS Excel 

occurs when an analyst erroneously selects 

STDEVP() to calculate the standard deviation of a 

small sample rather than the appropriate function 

STDEV().

SOME EXAMPLE SAMPLING ERRORS IN 
VALIDATION 
The above categorization of sampling errors indicates 

that they may occur at any time during the validation 

process. The following examples demonstrate.

Manufacturing Floor Sample  
“Perfection”
Process validation was being conducted on a blending 

process in manufacture of a tablet dosage form. The 

validation protocol required that the manufacturing 

operator withdraw 12 samples from the mixer using 

a thief. Each sample was required to be between 0.2 

and 0.3 grams. When all samples were tested by the 

laboratory to determine the active drug content in 

the blend, test results failed and test data showed 

unexpectedly high variability. Further examination 

of the sampling data showed that all samples 

submitted by the operator were between 0.248 and 

0.252 grams, a highly unlikely occurrence. Further 

discussion with the operator indicated that he made 

sure that all samples were in the middle of the 

target range by removing excess powder by pouring 

powder from the sample container, removing 

powder with a spatula, adding powder back into 

the sample, and so on—whatever was needed to 

submit a perfect sample (in his mind) to the lab. 

These manipulations caused powder segregation, 

loss of active ingredient, and ultimately significant 

data variation. A subsequent trial in which sample 

weights were not manipulated resulted in successful 

validation data.

Data Recording
The manufacturing operator removed samples 

from the drying oven after completion of a drying 

process. Sampling was recorded on a validation 

sampling page that included a sample number, 

sample weight, and oven shelf number.  His 

sample recording page had a number of cross-

outs and entry mistakes. The operator expected 

to be criticized for his sloppy sampling page, so 

he rewrote the page. In rewriting the page, several 

sample weights were incorrectly rewritten so that 

weights did not correspond with the sampling 

location. The laboratory results indicated several 

high values that should have been able to be 

correlated to high weights. However, because the 

sampling records had been incorrectly rewritten, 

correlation was initially not possible. Further 

discussion with the operator and retrieval of the 

original sample page enabled the correct correlation 

to be made.

Laboratory Efficiency
A laboratory routinely optimized sample test 

performance through use of formatted data sheets 

for HPLC analyses. This sheet required all samples 

to be tested in a specified order related to the 

concentration of the unknown. Samples from a 

process validation performance qualification were 

submitted for analysis.  Laboratory personnel 
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followed their internal procedures regarding use 

of data sheets. However, this procedure destroyed 

the continuity of the process validation samples 

as sampled during the process. Because new 

laboratory analytical standards were freshly 

prepared each day, distinct differences in data 

were observed depending on the assay day and 

associated standard. Better communication between 

validation personnel submitting sample and 

laboratory personnel explaining the importance 

of maintaining sample continuity would have 

prevented this problem.

Massive Data Transfer
Process validation of a tablet compressing process 

was conducted. Testing was conducted according 

to US Food and Drug Administration guidelines 

(5) in which 140 individual tablet samples were 

required to be tested for each lot in the validation 

protocol. A total of 7 lots were tested to validate 

the manufacturing process for a multiple dosage 

strength product. Nearly 1000 test results were 

thus supplied to technical personnel from the lab. 

These test results were then transferred to Excel 

spreadsheets for calculations and graphing. Test 

results were simultaneously transferred to Microsoft 

Word documents for preparation of validation 

reports. When reports, calculations, and original 

laboratory data were reviewed for consistency, 

many errors and inconsistencies were found. These 

errors were technically insignificant, but were very 

embarrassing to the organization when observed 

by FDA auditors. Errors were a result of the great 

number of data transfers, insufficient time to 

verify transfers, tight timelines, and inadequately 

trained personnel performing data transfers and 

verification.

Improper Use of Sampling Thief by  
Untrained Personnel
This incident describes validation of a mixing 

process. Sampling of the powder blend from a 

large-scale mixer was to be accomplished by means 

of a five-chambered sampling thief. A total for 

30 powder-blend samples (six insertions yielding 

five samples each) were required from prescribed 

sampling locations.  Sampling was accomplished 

from a second-floor catwalk. Samples were taken 

and delivered to the laboratory for analysis. Test 

results of thief samples indicated excessive variation 

in drug concentration that failed validation 

requirements. Review of documentation of sample 

weights from the sampling protocol was acceptable. 

All laboratory records were acceptable. There was 

no apparent reason for the failing results other than 

actual failure of the mixing process.

A second trial was conducted using identical 

materials, procedures, and personnel.  However, 

the second trial was observed by multiple 

technical personnel and management. When the 

manufacturing operator sampled the mixer, he 

did not completely insert the sampling thief into 

the mixer—only two (of five) sample cavities were 

filled. He then repeated the insertions as often 

as necessary to obtain the 30 total samples. The 

operator did not follow the sampling directions as 

specified in the protocol. When questioned about 

his sampling method and technique on the two 

validation samplings, the operator admitted that he 

had never previously used the sampling thief, and 

that he was afraid of heights. He was very nervous 

about the sampling from the second floor catwalk. 

He was unaware of proper operation of the multi-

chambered thief and had never been trained.

Another full-scale trial was conducted. A trained 

operator performed sampling as specified in the 

validation protocol. All results were acceptable.

Laboratory Testing on “Same Day”
Sampling of a tablet product for dissolution testing 

was accomplished as directed in the validation 

protocol. Tablets were sampled and placed in 

sample bottles for transport to the lab. After receipt, 

laboratory personnel immediately conducted 

dissolution testing as specified. Per protocol, testing 

must be conducted on the same day as samples were 

received. The dissolution part of the test procedure 

was completed as specified. However, HPLC 

analysis was not done due to equipment problems. 

Repair and new setup were not accomplished until 

the next morning. The lab supervisor interpreted 

the “same day” requirement specified in testing 

instructions as “24 hours.”  Because the HPLC 

analysis was initiated within 24 hours, results 

were reported to the validation group without 

further communication. Analytical results did not 

pass acceptance criteria. Investigation of possible 

causes for the failure was then initiated. Material 

problems, formulation problems, process problems, 

and other potential causes were investigated. No 

one was told about the equipment failure, how the 

samples were stored, or other considerations that 

might be relevant. It was only after several days 

of investigation that the laboratory supervisor 

inadvertently commented about HPLC problems 

and the delay in analysis. If the solution was not 

immediately assayed, it should have been frozen. 

Room temperature storage of solutions caused drug 

degradation resulting in the validation failure.
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SUMMARY
This discussion has described sampling errors 

relevant to validation in pharmaceutical and 

medical devices. Recognition of sampling errors 

and their impact on data variation is an important 

consideration in validation data evaluation. Four 

general categories comprising 10 individual sampling 

errors have been identified. Material errors caused 

by inherent material properties are relevant to 

essentially all other errors. Other categories of 

sampling errors include sample errors, process errors, 

and laboratory errors. Sampling errors may occur 

at all times during validation—during processing, 

during testing, and during analysis of data.

Sampling errors may greatly influence validation 

data, cause incorrect judgments, influence trending, 

add variation, and otherwise significantly affect data 

accuracy and precision. Validation and compliance 

professionals must always be aware of the potential 

for sampling errors and their impact on validation 

data and analysis.  Sampling must not be overlooked 

as a critical aspect of successful validation.
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ABSTRACT 
This article describes the shipping qualification 

process used for the international transport of a 

vaccine drug substance in flexible containers (FC) 

from the United States.  The drug substance is 

produced in the US and dispensed into two-liter 

(2L) FCs.  The FCs may subsequently be transported 

internationally for vaccine formulation and filling 

into syringes.  Temperature control is required 

to be maintained at 2–8 ºC during transit and 

has been demonstrated through qualification 

via a combination of an insulated pallet shipper 

with refrigerated gel-sleeves and an active dry ice 

container controlled by a thermostat.  Operational 

qualification (OQ) testing demonstrated the ability 

of the shipping system to control temperature in 

a controlled environment, while performance 

qualification (PQ) demonstrated the ability to 

control temperature through the transit process.

OQ results indicated the shipper can tightly 

control temperature (between 2–8ºC) despite 

temperature extremes outside the shipper.  PQ 

results indicated the shipper could maintain 

temperature between 5–7ºC during actual 

shipments.  Based on the passing results of the OQ 

and PQ testing requirements, shipment conditions 

for drug substance 2L FCs at temperatures between 

2–8ºC have been qualified for shipment from the 

US to an international location.

INTRODUCTION
Shipping qualification is an integral part of the 

validation process.  The shipping process must be 

qualified as part of the overall validation program 

to consider uncertainties and variability associated 

with weather and external conditions (1).

Numerous guidance documents are available 

related to qualifying the shipping process.  For 

instance,  ( ) chapter 

<1079>, “Good Storage and Shipping Practices,” 

mentions “Operational and performance 

testing should be parts of a formal qualification 

protocol that may use controlled environments 

or actual field testing based on the projected 

transportation channel.  These should reflect actual 

load configurations, conditions, and expected 

environmental extremes” (2).  A more detailed 

summary of the expected qualification process is 

found in 

the quality of temperature-sensitive medicinal products 
through the transportation environment (3).  This report 

summarizes the method of qualifying a shipping 

process, including design qualification (DQ), 

operational qualification (OQ), and performance 

qualification (PQ) as well as the quality systems 

supporting and monitoring the qualified system.  

This was one of the documents used to design the 

shipping qualification process discussed in this 

publication.

Qualification of shipping for vaccines has been 

reported previously.  Most of the literature is 

focused on keeping vaccines from freezing in the 

cold chain prior to inoculation (4) and not the 

shipment of drug substance to formulation sites.  A 

comprehensive qualification study was reported 
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for vaccines that should be kept frozen (i.e., live 

viral vaccines) and vaccines that only need to 

be maintained cold (e.g., greater than 0 °C and 

less than 8°C) (5).  Qualification involved both 

environmental chambers (equivalent to an OQ) 

and actual shipping of packages via commercial 

services (equivalent to a PQ).  The environmental 

chambers tested the packaging containers, which 

ranged in size from 18 cm x 15 cm x 20 cm to 34 

cm x 34 cm x 30 cm, from -20°C to 43°C.  The 

“field” shipping studies were conducted in both 

summer and autumn as well as winter seasons, to 

simulate the extremes of weather that could affect 

the ability of the package to maintain temperature.  

The qualification study was designed to determine 

how the shipping condition affected the vaccine 

temperature versus designing and qualifying a 

packaging system to protect the vaccine within a 

designed shipping temperature.  As expected, the 

location and number of gel packs affected the ability 

of the package to maintain its target temperature.

This paper discusses data and qualification 

and the vaccine shipping process.  OQ and PQ 

testing was designed to provide documented 

evidence that the shipping process, when 

executed per the qualified procedures, would 

consistently maintain temperature requirements 

throughout transit.  The OQ demonstrated 

the shipping system’s ability to withstand 

temperature extremes and the PQ confirmed that 

the developed process is effective, robust, and 

repeatable.

SHIPPING PROCESS DESCRIPTION
The 2L FCs containing drug substance are placed 

inside protective corrugated cartons and stored 

in a validated 2–8ºC cold room.  The insulated 

pallet shipper(s) using refrigerated gel-sleeves are 

prepared for the shipment of the 2 L FCs at a 2–8ºC 

transit temperature.  The cartons containing the 

2L FCs are placed into the insulated pallet shipper 

inside the 2–8ºC cold room.  Qualified electronic 

temperature monitors placed both in the load and 

in the ambient environment record the temperature 

during shipment at eight-minute time intervals.  

The pallet shipper(s) is then placed inside the active 

dry ice container.  Up to four pallet shippers can 

be placed into a single active dry ice container 

(Figure 1).  The active dry ice container, containing 

from one to four pallet shippers, is loaded onto 

a temperature-controlled truck set at 15ºC for 

transport and loading onto an airplane.

After the transatlantic flight, the pallet shipper 

is unloaded from the active dry ice container at the 

freight forwarder’s facility and loaded on a 2–8ºC 

temperature-controlled truck for transport to its 

destination.  Only one active dry ice container is 

transported per shipment due to the amount of 

Figure 1: Loading of active dry ice container.
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space required to be reserved 

in the cargo area of the aircraft.  

The transportation flow chart in 

Figure 2 depicts the process flow 

from the US to the international 

destination.

MATERIALS AND 
METHODS
The following describes the 

shipping components utilized 

for this process:

Active dry ice container 

shipping container. The 

active dry ice container is an 

insulated container with a 

thermostat-controlled heat 

exchanger powered by 16 

D-size alkaline batteries. 

The system uses a maximum 

of 300 kg (660 lbs.) of dry 

ice for cooling purposes 

only. The dimensions of the 

internal product loading space 

are approximately 99.8” x 81.3” 

x 55.9”.  Figure 3 depicts the 

active dry ice container.

Insulated pallet shipper. 

The insulated pallet shipper 

(Figure 4) consists of six 

panels of 2.5” polyurethane 

filled corrugated walls, and 20 

corrugate sleeves containing 

four refrigerated gel bricks 

each.  The assembled pallet 

container has an internal 

payload area of 37.00” x 29.00” 

x 35.00” and an external size of 

48.00” x 40.00” x 51.00”.

Refrigerant sleeve. The 

corrugate sleeves are made 

from board containing four 

chilled gel bricks per sleeve 

with an outer diameter of 

34.125” x 9.00” x 2.00”. Each sleeve weighs 16.75 lbs. Twenty or twenty-three sleeves are used in each 

pack-out based on load size.

Dry ice. Exact dry ice calculations are obtained on a shipment-by-shipment basis based on shipment 

weight and season from active dry ice container provider.  Wrapped dry ice (no pellets) is used for the 

shipments.

During the selection and design of a shipping container suitable for transporting drug substance 

in 2L FCs, existing qualified shipping solutions across the Pfizer network were considered in order 

to maximize the efficiency of the qualification activity.  The insulated pallet shipper and active 

dry ice container were previously qualified at the same temperature range (2–8ºC), same shipment 

destination, and shipping space to ship drug substance FCs.  Existing qualification data were thus 

leveraged for the insulated pallet shipper and active dry ice container solution for shipment of drug 

substance.

Figure 2:  Transportation process flow diagram.

Figure 3:  Active dry ice container.

Figure 4:  Insulated pallet shipper.
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OPERATIONAL QUALIFICATION
The OQ runs were performed in a laboratory test 

chamber under simulated thermal conditions.  OQ 

testing simulated worst-case time and temperature 

conditions anticipated during shipment 

representing both summer and winter seasons.  A 

minimum of three runs was performed for both 

minimum and maximum loads tested under 

summer and winter ambient thermal profiles.  

During these runs a minimum and a maximum 

weight was established. Temperature monitors 

were used during testing to record the temperature 

surrounding the product inside the payload.  OQ 

testing was not designed to be container or product 

specific, but was based on the potential payload 

mass inside the shipper. To accomplish this, the 

US to Europe and Australia temperature profiles 

were used to challenge the shipper to cover a broad 

area of origins and destinations.  Qualification by 

weight allows other products, like that of the drug 

substance, to be leveraged using one confirmatory 

OQ run provided they fit inside the fixed payload 

area of the shipper, require the same temperature 

range, and will be shipped to a destination 

that has the same or similar thermal profile.  

The following elements were considered when 

developing the thermal profiles:

Originating site

Receiving site

Transit temperature requirements of the 

material being shipped

Transportation mode (e.g., airplane, railcar, 

ocean container, truck)

Node(s) (cities/ports)—the desired route of 

travel—especially important where ‘hand offs’ 

occur between various carriers and modes  

of transportation 

Estimated times of transport for each segment 

of the trip

Estimated minimum and maximum ambient 

temperatures that may be encountered in 

each segment.

Figure 5 and Figure 6 depict the summer and 

winter ambient temperature profiles that the 

shipping system was subjected to during the OQ 

testing.  

The following elements were considered prior to 

the OQ testing:

Minimum and maximum product loads

Summer (hot) and winter (cold) cycles

Quantity and placement of refrigerants

Conditioning of components (the process 

of bringing components such as shipping 

container and gel packs to a specified 

temperature before starting the packing 

process)

Insulated shipping container interior configuration

Placement of temperature monitors during 

shipping.

Minimum and maximum product weights 

within the payload area were selected based upon 

anticipated shipping configurations.  Syringes were 

selected for the OQ loads because they represent 

the smallest volume of product having the greatest 

amount of container surface exposure packed into 

the shipper payload.  Procedurally, all product 

shipped is conditioned to the shipping temperature 

prior to loading of the payload area.  Therefore, the 

originating source of heat energy is from the outside 

of the shipper.  The OQ is acceptable for other 

Figure 5:  110 hours summer (external) 

temperature profile. At the completion of the 

62-hour thermal profile, the dry ice bunker on 

the active dry ice container was replenished for 

one minimum and one maximum load run and 

the testing continued for an additional 48 hours 

or until the product temperatures were recorded 

out of the 2-8oC range.

Figure 6: 110 hours winter (external) tempera-

ture profile. At the completion of the 62-hour 

thermal profile, the dry ice bunker on the active 

dry ice container was replenished for one mini-

mum and one maximum load run and the test-

ing continued for an additional 48 hours or until 

the product temperatures were recorded out of 

the 2-8oC range.
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products requiring the same shipping temperature 

when a palletized load fits inside the fixed payload 

of the insulated pallet shipper and meets the 

minimum and maximum weight requirements.  

The OQ using pre-filled syringes established a 

minimum and maximum weight requirement that 

is allowed to be placed inside the fixed payload area 

of the shipper.  The minimum load contained in 

one pallet shipper is ≥ 47.07 lbs and the maximum 

load ≤ 221.40 lbs per pallet shipper with up to four 

shippers within an active dry ice container.  In 

the case of the FCs, a minimum FC load per pallet 

weighs 67.2 lbs (consisting of one 2L FC, one 50mL 

FC, and dunnage) and a maximum load weighs 

200.8 lbs (consisting of 30 2L FCs, three 3 50mL 

FCs, and dunnage).  The minimum and maximum 

FC loads required to be shipped fits within the 

fixed payload area of the shipper, falls within the 

weight range established in the OQ, and is therefore 

acceptable with no additional OQ testing.

The summer OQ was executed successfully 

against the expected extreme summer thermal 

profile.  The winter OQ testing revealed that the 

insulated pallet shipper and active dry ice container 

shipping system’s limitation in maintaining 

product temperatures ≥ 2°C after being exposed 

to temperatures ≤ 0°C for approximately 15 hours.  

Consequently exposure of product shipments, 

using the insulated pallet shipper and active dry 

ice container shipping combination, to ambient 

temperatures of ≤ 0°C are recommended to 

be limited to less than 10 cumulative hours of 

exposure.  There is a low risk of the shipment being 

exposed to ambient temperatures ≤ 0°C for greater 

than 10 hours. Routine measures are currently in 

place to minimize exposure to extreme ambient 

temperatures during the process steps where 

exposure is possible. 

For each shipment, a temperature monitor is 

placed in the outside pouch of the active dry ice 

container to monitor ambient transit conditions.  

Temperature monitors located outside the shippers 

are for informational purposes only.  Temperature 

excursions on monitors located outside the pallet 

shipper do not require an investigation, as long 

as all temperature monitors inside the shippers, 

representing product temperature, are within the 

specified range.

The qualification was designed so that the 

transit time may be extended, if necessary through 

the replenishment of dry ice.  Therefore, no time 

specific transit duration limit is necessary.

PERFORMANCE QUALIFICATION 
PQ testing was successfully performed to qualify 

the international shipment of drug substance in 

2L FCs inside plastic corrugated cartons packed 

in insulated pallet shipper and active dry ice 

container transported by temperature controlled 

truck and airplane.  The insulated pallet shipper 

and active dry ice container shipping system was 

previously qualified using 10L stainless steel cans 

shipped from the US to international destination 

through the performance of runs through the 

actual shipping process.  Four PQ runs were 

executed qualifying two distribution lanes using 

ground and air transport; two minimum load 

runs and one maximum load run challenged the 

longest distribution lane and one minimum load 

run challenged the shorter distribution lane.  The 

10L can PQ was executed using both minimum 

and maximum product loads through the actual 

distribution process.  Three minimum load runs 

and one maximum load run were executed from 

the US to international destination.  Three runs 

were performed through the longest transit route 

using two minimum and one maximum load runs.  

One confirmation run was performed through the 

shortest route using a minimum load run.  The 

minimum load runs consisted of three 10L cans and 

three 50mL falcon tubes. The maximum load run 

consisted of 24 10L cans and 24 50mL falcon tubes.  

The 2L FCs were shipped using the same 

shipping system, packaging methods, and transit 

routes qualified for the 10L can shipments.  The 

exception being the internal placement of the 2L 

FCs in cartons versus 10L cans inside the payload 

area of the shipper.  One confirmation run with a 

minimum load of 2L flexible containers through the 

longest transit route was executed from the US to an 

international destination.  The minimum load size 

was chosen as it represents worst case from a thermal 

perspective because the load is most responsive to 

ambient temperatures.  The minimum load run was 

performed using one 2L FC and one 50mL FC.  

Prior to packing the shipping container the 

temperature monitoring devices, FCs, insulated 

pallet shipper, refrigerant sleeves, and the active dry 

ice container were pre-conditioned to the desired 

shipping temperature range.

Temperature monitors were used during shipment 

to record the environment surrounding the product.   

This is considered worst case as the air will respond 

more rapidly to temperature change than the 

product.  A summary of high and low temperature 

monitoring locations recorded during both the 

summer and winter OQ test runs indicate the high 

and low temperature values occurred at the corners 

of the pallet.  In general, high values occurred at 

the top corners and the low values occurred at the 

bottom corners.  Based upon the OQ data, two 

temperature-monitoring devices will be placed inside 
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each pallet shipper regardless of the quantity of FCs 

being shipped.  These devices will always be placed 

inside the cartons next to the FC on the bottom 

layer front left corner and the top layer back right 

corner.  Placement in these locations will be used to 

monitor the temperature of the FCs during shipment.  

Both temperature monitoring devices must remain 

within 2–8°C during shipment.  One device will be 

placed on top of each insulated pallet shipper and 

one device will be placed inside the document pouch 

on the outside of the active dry ice container.  These 

devices monitor temperatures outside the pallet 

shipper and active dry ice container, respectively, and 

are not required to maintain 2–8°C during shipment.

Both the OQ and PQ testing were conducted with 

a surrogate.  Water for injection (WFI) was used 

as the representative material for drug substance.  

WFI is an appropriate representative substitute for 

vaccine bulk as WFI and vaccine drug substance were 

demonstrated to have similar thermal and weight 

characteristics.

RESULTS AND DISCUSSION 

OQ Results  
Data in Table I show the minimum and maximum 

temperatures during the testing.  Results indicated 

that when the shipping system is exposed to 

anticipated, extreme ambient summer or winter 

temperatures, the product would maintain 

temperature between 2–8ºC with the following 

exception.  The OQ revealed the system’s limitation 

in maintaining product temperatures ≥ 2°C after 

being exposed to temperatures ≤ 0°C continuously 

for at least 15 hours.  Consequently, a 10-hour limit 

was chosen as the target time to limit exposure of 

the system to ambient temperatures ≤ 0°C. Based 

on the routes established in the PQ, there is a low 

Table I: Summarized results of OQ testing.
Load description* # of runs Ambient condition Minimum

temperature (°C)

Maximum

temperature (°C)

1 x 9 corrugate boxes containing 100 

syringes per box (minimum load)

3 Summer 4 6

1 x 9 corrugate boxes containing 100 

syringes per box (minimum load)

6 Winter 2 7

4 x 27 plastic corrugate boxes  

containing trays with 100 unlabeled 

syringes per tray (maximum load)

3 Summer 4 7

4 x 27 plastic corrugate boxes  

containing trays with 100 unlabeled 

syringes per tray (maximum load)

3 Winter 2 8

 *OQ testing was not designed to be container or product specific; rather, the OQ was based on the potential payload mass inside the 

shipper. This is why the syringes are considered representative.

Table II: Summarized results of PQ testing.
Run# Load descriptiona Minimum 

internal temp 

(°C)

Maximum 

internal temp 

(°C)

Minimum  

external temp 

(°C)

Maximum 

external temp 

(°C)

Transit time 

(Hrs:Min)

1b Max: (24) 10L cans and 

(24) 50mL falcon tubes

5 6 2 35 66:55

2 Min: (3) 10L cans and (3) 

50mL falcon tubes

5 6 3 35 43:40

3b Min: (3) 10L cans and (3) 

50mL falcon tubes

5 6 3 36 61:00

4b Min: (3) 10L cans and (3) 

50mL falcon tubes

5 6 2 36 60:20

5b Min: (1) 2L FC  

(1) 50mL FC

6 7 2 18 66:50

a The 2L FCs are shipped using the same shipping system, packaging methods, and transit routes qualified for the 10L can shipments 

(except for the internal placement of the 2L FCs in cartons inside the payload area of the shipper). One confirmation run with a minimum 

load of 2L flexible containers through the longest transit route was executed as part of the PQ.

b Route represents worst case route.
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risk of the shipment being exposed to ambient 

temperatures below 0°C for greater than 10 hours.  

Routine measures are in place to minimize exposure 

to extreme ambient conditions during transit. 

PQ Results
Data in Table II show the minimum and maximum 

temperatures of the temperature monitor placed 

next to the product during the testing.  The 

temperature of the product was maintained 

between 2–8ºC for the duration of the testing 

for all shipments.  The PQ data in Table II show 

the environmental conditions as recorded by 

the ambient temperature monitor during each 

shipment.  The results of all shipments were within 

the defined acceptance criteria.

CONCLUSION 
Design and qualification of a shipping process 

were performed.  During the OQ, the shipping 

system was exposed to both summer profiles, with 

temperature going as high as 50ºC, and winter 

profiles, with temperatures as low as -5ºC.  During 

the PQ, the shipping system was exposed to 

ambient conditions as high as 35ºC and as low as 

2ºC and was able to consistently meet the shipping 

criteria of 2–8ºC.  For our purposes and based on 

the passing results of the operational qualification 

and performance qualification requirements, 

shipment conditions for drug substance 2 L flexible 

containers at temperatures between 2–8ºC are 

qualified for shipment from US to international 

locations.
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INTRODUCTION
Incorporating acceptance sampling into validation 

studies enhances their credibility through the use 

of confidence statements. Unfortunately,  validation 

reports often fail to include confidence statements 

and their justifications. Such reports may instead 

rely on the successful completion of as few as three 

test runs. 

Because confidence statements are easily 

understood by non-technical audiences they can 

greatly enhance communications. For example, to 

state that the validation acceptance criteria were 

met is not as valuable and explanatory as this 

confidence statement: “Based on the completion of 

three independent test runs of ‘Process X’ with 100 

representative units selected for inspection from 

each run, we can state with 99.9% confidence that 

Process X produces less than 2.3% defective units.” 

With an understanding of the use of 

probabilities to justify confidence statements, one 

can use the same data (300 results) to state, “We 

have 95% confidence that ‘Process X’ produces 

fewer than 1 defective in 100 units.” This article 

shows the mechanics of building confidence 

statements for validation reports. Such statements 

may also be used to describe the quality during 

normal production. For example, historical data 

may be used to support confidence statements.

An introduction to this topic was published by 

W. Taylor (1) in which the concept of confidence 

statements based on sampling plans was justified 

as follows: “Whenever a sampling plan accepts a 

lot, one can state that with 90% confidence that 

the lot is below the LTPD(0.10).” [

tolerance percent defective is the lot quality level (percent 
defectives or defects) which is unlikely to be accepted 
e.g., only 10% probability of acceptance, noted by the 
(0.10) or the 10th percentile.]  “This is a result of the 

fact that lots at or above the LTPD(0.10) are not 

likely to be accepted. The level of confidence, 90%, 

is equal to 100% - 10% where 10% is the chance of 

acceptance at the LTPD(0.10)” (1) .  Lot tolerance 

percent defective (LTPD), depending on its assigned 

percentile, is the lot quality that is not likely to be 

accepted by the sampling plan. LTPD is usually 

assigned a probability of acceptance (Pa) of 10%. 

LTPD can be adjusted, for example to 5% or 1%, to 

increase the level of confidence. LTPD in this article 

focuses on the probability of lot acceptance based 

on the specific attributes acceptance sampling plan. 

In non-technical terms as may be used in a contract, 

LTPD may refer to a level of defectives that the 

customer would not accept.

Health Canada’s (2006) guidance document 

entitled “Process Validation: Form-Fill-Seal 

for Drugs” states “The Number of Units to be 
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filled per run should be sufficient to provide a 

high probability of detecting a low incidence of 

microbial contamination. In order to give 95% 

confidence in detecting a contamination rate of 1 in 

a thousand at least 3000 units need to be filled” (2). 

Although not explicitly justified by reference to the 

operation of a sampling plan, Health Canada gives 

sufficient information to review (and confirm) its 

validity. The fact that the 95% confidence statement 

requires the examination of 3000 units is explained 

in this article. 

The US Food and Drug Administration defines 

validation as “Establishing documented evidence, 

which provides a high degree of assurance that a 

specific process will consistently produce a product 

meeting its pre-determined specifications and 

quality attributes” (3).  Such evidence is enhanced 

with confidence statements.

This article recommends against the general 

phrase “high degree of assurance” in validation as 

used in the previous FDA statement (3). Instead it 

recommends quantitative, validation confidence 

statements based on the operating characteristic 

(OC) table or curve of individual acceptance 

sampling plans. The use of OC tables and curves 

is described. This article focuses on single sample 

attributes acceptance sampling plans for defectives.

DISCUSSION
The following two important assumptions must be 

met for proper use of acceptance sampling: 

Assumption 1. A representative set of 

independent samples must make up the 

inspection sample taken from the lot.

Assumption 2. The inspection sample must 

be a small portion of the lot (i.e., no more than 

10%). If the sample is greater than 10% of the 

lot, then probability of acceptance will be based 

on the hypergeometric distribution instead of 

the binomial. This detail while true is made 

irrelevant by addressing assumption 2.

Assumption 1 is addressed with sampling 

methods that account for the structure of the lot: 

Independence is violated when the lot has strata 

(or sub-populations), when the lot production 

process varies with the level of covariates such as 

time or when the presence of one unit in a sample 

influences the probability  that another sample 

is selected for the sample. The latter situation 

occurs when items are “grabbed” from a pool or 

production line. Any one item in that “grab” is an 

independent sample, but all the surrounding items 

were picked due to proximity and are therefore 

dependent. 

Assumption 2 is addressed either by sampling no 

more than 10% of a lot (the literal interpretation) or 

by sampling from a virtually large lot some of which 

have not been manufactured yet. The last idea is based 

on consistent and stable production where changes 

are made only to mimic future production. Validation 

lots, although not necessarily large, are designed to 

represent future production of thousands of like items, 

as if validation lot sizes were infinite, thus satisfying 

the maximum 10% sample size rule.

An example plan is “Gather and inspect five (5) 

representative samples and accept the lot only if 

there are no defectives in the sample of five.” This 

plan may be represented as 5(0,1) in the form n(Ac, 

Re) where n is the inspection sample size, Ac (the 

accept number) is the maximum count of defectives 

to allow lot acceptance and Re (the reject number)  is 

the minimum count of defectives to reject the lot. For 

single sample plans Ac is always one less than Re.

The following hypothetical situation will help to 

show how acceptance sampling plans make accept/

reject decisions. If a lot has zero defectives, then all 

samples will show zero counts. There is no plan with 

a stricter acceptance criteria than zero as the accept 

number. Therefore all samples from lots with zero 

defectives will be accepted by all plans (for any accept 

number). This is shown as the first line entry in Table I 

and Table II. 

Table I uses percent to indicate both the Pa 

and the lot quality. Care must be taken to avoid 

confusing these measures. Table II shows the same 

results, in decimals. Both tables are accurate. The 

two columns in Tables I and II can be decimals or 

percents. A standardized presentation of attributes 

OC tables and curves as Pa in percent and lot quality 

in decimal proportions could reduce confusion: 

Probabilities (of acceptance) as a function of 

proportions (proportion defective or lot quality). 

Such standardization does not exist, so we must 

carefully examine the units used in OC tables and 

curves prior to making confidence statements. 

Probabilities and proportions both range from 0 to 1 

but are very different measures.

Presentation of Tables I and II serves to warn of 

the confusion of percent or proportion for both Pa 

(probability of acceptance) and lot quality. Unfortunately 

this confusion may return when communicating specific 

Table I: Probabilities of acceptance for plan: 
5 (0,1) counting defectives.
Probability of  

Acceptance (Pa)

Lot Quality in  

Percent Defective

100% 0% (Perfect lot)

59% 10% (1 defective in 10 items)

3% 50% (1/2 of lot is defective)

0% 100% (Worst possible lot)
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lines of Table III for the plan 22(0,1). For example, in 

Table III, the line for the LTPD(~0.10) states that lots 

having 10% defective items have ~10% probability of 

being accepted. 

Continuing the discussion of a hypothetical situation, 

at the low-quality end of the quality spectrum, if a lot 

has 100% defectives, then there is no sampling plan that 

will accept it. In fact, every individual item drawn will 

be a defective and the count will equal the number of 

samples drawn, n. No sampling plan allows the accept 

number to be equal to the sample size. Therefore all such 

lots will be rejected. 

In summary, perfect lots will be accepted every 

time while 100% defective lots will never be 

accepted. These two ends of the quality spectrum 

illustrate the fact that the probability of acceptance 

depends on the quality of the lots. Examples of 10% 

and 50% defective lot confirm this. 

If two lots were examined by the plan, 5(0,1) 

(as shown in Tables I and II), one lot with 10% 

defectives and one with 50% defectives, the 

expectation would be that the 10% defective lot 

would be more likely to be accepted than the 

50% defective lot. Since this plan, 5(0,1), only 

accepts lots when zero defectives are found, 

a simple equation will predict acceptance. As 

shown in Equation 1, the Pa depends directly 

on the proportion of defectives in the lot and on 

the number of opportunities to find one (n, the 

inspection sample size). In our case there are five 

such opportunities (n=5). For the 10% defective 

lot each sample has 90% chance of being non-

defective. Since five non-defective items are 

required to accept the lot, with each selection being 

an independent event, the result is that the five 

independent probabilities (each at 90% probability 

of being non-defective) must be multiplied. The 

result (0.9^5) is 59% (0.59) meaning that lots with 

10% defectives will be accepted almost 60% of the 

time (and rejected slightly more than 40% of the 

time).

Pa (only Ac=0 Plans) = (1 – the Lot Quality as 

Proportion Defective)n                          [Equation 1]

The plan, 5(0,1), applied to a lot having 50% 

defectives will accept the lot only 3% of the time 

(0.03). In sum, the plan 5(0,1) rejects low quality 

lots with higher probability than high quality 

lots: Perfect lots, accepted 100% of the time; 10% 

defective lots, accepted 59%; 50% defective lots, 

accepted 3%; and the worst possible lots (100% 

defective) accepted not at all. The use of equation 

1 (probability of success multiplied by itself for 

each sample selected) only applies when samples 

are independent and  the accept number is zero. If 

Ac=0, there is only one possible way to accept the 

lot: All samples from the lot must be non-defective. 

Compare this to a plan with accept number of 

one (e.g., 5[1,2]). There are two ways to pass: Find 

zero or find only one defective in the inspection 

sample of five. The probabilities of each way to pass 

must be determined and added.  When assumption 

2 (that the inspection sample is less than 10% of 

the lot) is satisfied, the binomial distribution can 

be used to calculate the probability of acceptance. 

Of course, the binomial distribution works for all 

accept numbers. 

Tables I and II show the weakness of plan, 5(0,1). 

It only has 59% chance of detecting and rejecting 

lots having 10% defectives. Table III shows the 

ability of a stricter plan, 22(0,1), to detect defectives 

across the spectrum from 0 to 13% defectives.

Table II: Probabilities of acceptance from 
Table I presented in decimal proportions. 
Plan: 5 (0,1) where defectives are counted.
Probability of  

Acceptance (Pa)

Lot Quality in  

Proportion Defective

1.0 0.00

0.59 0.10

0.03 0.50

0.0 1.00

Table III: Probabilities of acceptance for Plan:
22 (0,1) counting defectives.

Probability of Acceptance (Pa)

Lot Quality in Percent & in 

Proportion Defective

1.00 = 100% 0% = 0.00

0.802 = 80% 1% = 0.01

0.641 = 64% 2% = 0.02

0.512 = 51% 3% = 0.03

0.407 = 41% 4% = 0.04

0.324 = 32% 5% = 0.05

0.256 = 26% 6% = 0.06

0.203 = 20% 7% = 0.07

0.160 = 16% 8% = 0.08

0.126 = 13% 9% = 0.09

LTDP (~0.10) 0.098 = 10% 10% = 0.10

LTDP (~0.08) 0.077 = 7.7% 11% = 0.11

LTDP (0.06) 0.060 = 6% 12% = 0.12

LTDP (~0.05) 0.047 = 4.7% 13% = 0.13
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The bottom four entries in Table III are the region 

that may be called “consumer’s risk.” This is the 

LTPD area, where the probability of lot acceptance is 

low for “low” quality lots. Of course, 10% defectives 

may not be “low enough” for high risk defectives. 

The plan, 22(0,1), may be useful against defectives 

categorized as minor or low risk. Consumer’s risk is 

the probability that “bad” product will be accepted 

(and released to the consumer).

Acceptable quality level (AQL) is used (non-

technically) to describe the lot percent defective 

considered acceptable.  Probabilistically, AQL is the 

lot quality with a high probability of being accepted 

by an acceptance sampling plan. The Pa for lots 

at the AQL lot quality is usually set to 95%. This 

indicates the ability of an acceptance sampling plan 

to accept high quality lots. The Pa of lots whose 

quality equals the LTPD shows the power of an 

acceptance sampling plan to detect and reject low 

quality lots. Thus 1 - Pa at the AQL is a measure of 

the manufacturer’s risk, the risk that “good” lots 

will be rejected. The Pa at the LTPD (often referred 

to as RQL or rejectable quality level) is a measure of 

consumer’s risk, the risk that “bad” product will be 

accepted. Finally, 1 – Pa at the LTPD is the power 

of the plan to protect the consumer by detecting 

and rejecting “bad” product. It may be more 

understandable to use RQL (not LTPD)  along side 

AQL and thereby help to recognize the importance 

of an acceptance sampling plan’s ability to protect 

the consumer. One only needs to examine the low 

‘probability-of-acceptance region’ of the OC table 

or OC curve for any acceptance sampling plan to 

understand what confidence statements can be 

supported when the plan is passed. 

As an explanatory example, consider AQL as the 

lot quality having 95% probability of acceptance 

and RQL as the lot quality having only 10% 

probability of acceptance. The manufacturer’s 

risk when AQL-level of quality is present is 5%. 

Most of the time (95% of the time) AQL-level-of-

quality is accepted by the plan but there is a risk 

that harms manufacturers: It is the risk that AQL-

level-of-quality lots may be rejected. It is 5% in 

this example. On the other hand, lots at the RQL- 

(or LTPD)-level-of-quality will be rejected 90% 

of the time, which is the plan’s power to protect 

the consumer. When the 10% chance occurs (and 

one can never know its occurrence without 100% 

inspection using an error-free inspection system) 

such that an RQL-level-of-quality lot is accepted, 

then the consumer is at risk. Hence the latter 

situation is called consumer’s risk.

Table III clearly shows that the probability of 

acceptance decreases as the lot quality decreases. 

Of course the binomial equation that underlies 

the calculation of the Pa column formalizes the 

fact that Pa is a function of lot quality. Figure 1 

reinforces this with a plot of Pa as the dependent 

variable and lot quality as the independent variable. 

Figure I is called an operating characteristic (OC) 

curve while Tables I, II, and III are called operating 

characteristic (OC) tables.

While Tables I and II introduce the relationship 

between Pa and lot quality, and Table III gave 

details of a stricter plan detailing the region of 

the LTPD, Figure 1 shows how the  probability 

of acceptance declines with decreasing lot 

quality. One can use either a table or a curve to 

see the discriminatory power of a plan and its 

associated consumer’s risk (i.e., its LTDP). It is 

called consumer’s risk because there is the small 

chance that “bad” product will be accepted (and 

released to the consumer). Figure 1 shows a region 

of increasing consumer protection to the lower 

right, the LTPD region.  Consumer protection is 

the plan’s ability (power) to detect defectives. For 

example, at the LTPD(0.10) there is 90% protection 

or probability of detection. The LTPD region 

may also be seen as consumer’s risk. A region of 

consumer’s risk and of consumer protection is a 

qualitative concept with the quantitative LTPD to 

back it up. Passing a stricter plan (one with lower lot 

quality as the LTDP) means that confidence in the 

process quality is higher, hence better protection 

for the consumer. This is reflected in confidence 

statements.

CONFIDENCE STATEMENTS
The power of  an acceptance sampling plan to 

detect and reject lots of low quality is the basis 

of confidence statements. Table III and Figure 

1 support validation confidence statements, 

but only if the plan is successfully passed. Once 

a plan is passed, the LTPD region becomes a 

legitimate descriptor of the lot quality. This is 

based on the probabilities in an OC table or an 

OC curve. In order to pass the plan 22(0,1), with 

90% probability, the lot quality must be equal 

to or better than the LTPD(0.10). In fact, finding 

zero defectives in an inspection sample of 22 

representative and independent samples supports 

the following confidence statement: “Based on a 

representative sample of 22 items from the process, 

all of which were non-defective, we state with 90% 

confidence that process is producing less than 10% 

defectives.”
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The following are three ways to modify confidence 

statements beyond the example shown above:

the OC table) to modify both the probability and 

the quality level being supported. Unfortunately, 

increasing the confidence level without changing 

sampling plans requires referencing a higher 

percent defective as lot quality. Passing the plan 

22(0,1) supports both 90% confidence in 10% or 

less defective and ~95% confidence in 13% or less 

defective (Table III).

use its OC curve or table. After passing said plan, 

one may choose an LTPD for the confidence level 

(100% minus the LTPD%) and the associated lot 

quality level as the quality level supported in the 

confidence statement.

once, each independent of the other(s). Passing 

a sampling plan once yields a 90% confidence 

statement based on the LTPD(0.10). Independently 

setting up and running the process another time 

and passing the same sampling plan improves 

the confidence statement from 90% to 99% 

for the same lot quality. This is based on the 

multiplicative nature of independent probabilities. 

Performing sampling once has 10% chance 

of failure (LTPD 0.10). Passing the plan twice 

(independently) has 1% chance (10% times 10%), 

which supports the 99% confidence statement. 

There are many variations on the idea of using 

sampling plans multiple times independently. 

The easiest to explain will always be based on 

repeating the same plan and holding to the same 

LTPD level each time.

To review the Health Canada statement mentioned 

in the Introduction requires analysis of the plan: 

3000(0,1). The question raised was this: Are 3000 

samples with zero defectives needed to support 95% 

confidence that the contamination rate is less than or 

equal to 1 in a thousand? The logic is that a minimum 

of 3000 filled containers are held long enough to 

detect contamination even if it occurs in only one 

container. Table IV shows the OC table for 3000(0,1). 

There is only 0.0497 (~5%) chance of accepting a lot 

with 1 failure in 1000 (0.10% or 0.001). This confirms 

the 95% confidence statement that the production is 

equal to or better than 1 defective in 1000. The plan, 

3000(0,1), has an LTPD(0.05) equal to lot quality of 

0.1% or 1 in 1000 defective. 

COMPREHENSIVE EXAMPLES
Consider the logic of performing three independent 

validation runs where success with all three is 

required for validation. Three “zero-defective” 

runs may be used as evidence that the process will 

consistently produce a product meeting its quality 

attributes and specifications. If 100 items are 

inspected from each validation run, with zero 

defectives found, what confidence statements 

are possible? The sampling plan, 100(0,1), has 

an LTPD(10%) equal to less than 2.3%. Each 

successful run gives 90% confidence that the 

failure rate is less than 2.3%. With three successful 
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Figure 1: OC curve for single sampling plan: 22(0,1) where defectives are counted and lot qual-

ity is lot proportion defective.
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runs, we have 99.9% confidence that the 

failure rate is less than 2.3%. Combining 

the results yields a total inspection sample 

size of 300 and an acceptance sampling 

plan of 300(0,1) which has an LTPD(10%) 

of 0.76%. Having passed that plan we can 

state with 90% confidence that the process 

gives less than 0.76% defectives. Finally, 

we can move to the right on the OC curve 

for 300(0,1), reducing the Pa to 1% (i.e., an 

LTPD of 1% which is a lot quality of 1.5%).  

Thus, the same results (i.e., inspected 300 

items, found no defectives) support a 99% 

confidence statement that the process gives 

less than 1.5% failures. This example shows 

that in addition to successful runs as evidence 

of a validated process, we have a choice of 

confidence statements. The OC curve for the 

plan, 300(0,1) for defectives, is given in Figure 

2. 

Figure 2 has its scales magnified compared 

to Figure 1. This allows focus on the area 

showing the LTPD values of interest: 

LTPD(10% or 0.10) and LTPD(1% or 0.01). 

Table IV: Operating characteristic table 
for attributes acceptance sampling plan:  
3000(0,1) where defectives are counted.
Lot Quality  

(% Defectives)

Lot Quality  

(Prop. Defectives)

Prob.  

Acceptance (Pa)

0.00% 0 1

0.01% 0.0001 0.7408

0.02% 0.0002 0.5488

0.03% 0.0003 0.4065

0.04% 0.0004 0.3011

0.05% 0.0005 0.223

0.06% 0.0006 0.1652

0.07% 0.0007 0.1224

0.08% 0.0008 0.0906

0.09% 0.0009 0.0671

0.10% 0.001 0.0497

0.11% 0.0011 0.0368

0.12% 0.0012 0.0273

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 0.005 0.01 0.015 0.02 0.025

  

  

 

Probability of acceptance (Pa) as a 

function of lot quality (proportion defective)

for plan: 300(0,1)

Lot quality (portion defective)

LTPD (0.10) is lot quality of 0.76%

Pa = 0.10 or 10%

Prob. accept. (Pa)

LTPD (0.01) is lot quality of 1.52%

Pa = 0.01 or 1%

Figure 2: OC curve for single sampling plan: 300(0,1) where defectives are counted and lot 

quality is the lot proportion defective.



64 PROCESS VALIDATION – Process Qualification

John Haury

Originally published in the Autumn 2008 issue of 

If historical data show zero defectives in 1000 

samples and a 90% confidence statement is desired, 

then we must find the LTPD(0.10) from an OC 

table or curve for the plan: 1000(0,1). As described 

above, when the accept number is zero Equation 

1 can be used to make an OC table to find the Pa. 

For example, lot quality of 0.001 has Pa of 36% 

using Equation 1. That Pa is too high. Testing a 

lower lot quality to find a lower Pa, we use lot 

quality of 0.002 in Equation 1 and find Pa is13.5%, 

which is still too high, since Pa of 10% is needed 

for LTPD(0.01). If lot qualities of 0.0021, 0.0022, 

and 0.0023 are tested, the respective Pa values 

are 12.2%, 11.1%, and 10%. Therefore the 90% 

confidence statement based on the historical data 

(n=1000) is that the process is making fewer than 

23 defectives in 10,000 (0.0023).

CONCLUSION
Although this article focuses on single sampling 

plans for defectives, the OC table and OC curve 

from any sampling plan (for defectives, for defects, 

or for measurements, including double sampling, 

multiple sampling plans, etc.) will always be the 

basis for supporting confidence statements once the 

plan is passed. 

The LTPD of the acceptance sampling plan with 

its chosen level of consumer protection (1 – Pa), or 

consumer’s risk (Pa), defines the confidence level. 

The lot quality associated with the LTPD is the 

quality level claim to be made in the confidence 

statement. The larger the inspection sample and 

the lower the acceptance number of the acceptance 

sampling plan the better the quality level supported 

in the confidence statement. If the sampling plan 

is performed independently more than once, then 

the confidence statement may be adjusted either 

by totaling the inspection sample sizes to give a 

sampling plan with larger n, or by multiplying 

the sampling plans’ probabilities to increase the 

confidence level itself. 

OC tables and OC curves can be accessed via 

commercial software packages, such as MiniTab 

(4) or Sampling Plan Analyzer (5), or spreadsheets 

with probability functions in place. The published 

attributes acceptance sampling standards such as 

ANSI Z1.4 (6) or ISO 2859 (7) give OC tables and 

curves for a large but limited number of sampling 

plans. Electronic media allow every possible plan to 

be examined.
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“PQ Forum” provides a forum for validation practi-
tioners to share information about Stage 2 process 
qualification in the validation lifecycle. Information 
about supporting activities such as equipment and 
analytical validation are shared. The information pro-
vided should be helpful and practical so as to enable 
application in actual work situations.  

Reader comments, suggestions, and papers are 
needed to help us fulfill our objective for this col-
umn. Please contact column coordinator Paul Pluta 
at paul.pluta@comcast.net or managing editor Susan 
Haigney at shaigney@advanstar.com with comments, 
suggestions, or papers for publication.

KEY POINTS
The following key points are discussed:

 Validation managers identified documenta-

tion problems as one of their most troubling 

problems.

 Documentation problems are prevalent at all 

stages of process qualification (i.e., plans, pro-

tocols, and results).

 Problems generally included the following:

 Incomplete and inadequate content

 Explanations that are not thorough or 

understandable

 Incorrect grammar and spelling.

 Documentation problems may have signifi-

cant consequences including serious negative 

impressions on auditors.

 Three simple and memorable rules are proposed 

for validation documents:

 Clear, complete, concise, and consistent

 “Stand-alone” documents written for the reader

 Short sentences and simple words.

 Writers of validation documentation must be 

trained. They must understand validation fun-

damentals as well as the importance of their 

documents. Their documents must meet the 

above three rules.

 The site validation approval committee must be 

supportive of good validation documents and 

must maintain appropriate standards for docu-

ment approval.

 Substandard validation documents reflect poor-

ly on the organization and on the writer.

 Site senior management and functional man-

agement must be supportive of good validation 

documentation.

INTRODUCTION
The following was the subject of a lunchtime discus-

sion at  in Philadelphia, PA, USA in 

October 2010. Participants described various prob-

lems they experienced with validation. Validation 

documentation was one of the first problems identi-

fied. The quality of validation documentation was 

acknowledged to be a significant ongoing problem 

by all. Problems described included deficiencies or 

inadequacies in content, substandard explanations 

that were not understandable, and spelling and 

grammatical errors.

The quality of validation documents is extremely 

important. Validation documentation is the per-

manent record of the validation effort, representing 

the specific validation work as well as associated 

systems, procedures, and related performance. 

Validation records may be consulted during the 

entire life of the equipment, process, utility, etc. 

Validation documentation is often the first thing 

PQ Documentation– 
Three Simple Rules
Paul L. Pluta
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to be reviewed in a regulatory audit. Auditors often 

request validation documentation in advance of 

their arrival so that it will be readily available 

for review. All validation requirements must be 

documented (i.e., “If you didn’t document it, you 

didn’t do it”). Validation professionals must strive 

for excellence in the preparation of validation 

documentation.

The following briefly describes the content of this 

discussion:

 Problems and consequences. The specific 

problems with validation documentation are 

described. Consequences if these problems are 

not addressed, and implications of substandard 

documentation for the organization and the 

author are discussed.

 Solutions–how to fix the problems. Basic 

concepts and approaches to address these prob-

lems are discussed. Understanding of validation 

fundamentals is vital to successful solutions.

 Training. Training of validation writers and 

the validation approval committee to minimize 

problems is recommended.

 Management support. Functional and 

site management must support the effort to 

improve validation documentation.

PROBLEMS AND CONSEQUENCES
Validation managers expressed a variety of prob-

lems with validation documents generated in their 

respective facilities. Specific problems identified 

were categorized into the following three groups:

 Incomplete and inadequate content

 Explanations not thorough or not 

understandable

 Incorrect grammar and spelling.

The problems described did not violate corpo-

rate policies or site procedures.  Documents were 

approved by the site approval board including 

the quality assurance (QA) department, but did 

not meet standards or expectations. The writers 

of documents were educated in science and tech-

nology and in many cases had advanced degrees. 

Despite their education and credentials, their writ-

ten documents were often substandard. These prob-

lems occurred at all stages of process qualification 

(PQ)—validation initiation and plans, validation 

protocols, and validation results and reports.

Incomplete and Inadequate Content
A major problem described by validation manag-

ers involved the content of the validation docu-

ment. Originators of validations and qualifications 

knew the objective of their projects. However, their 

documentation often did not clearly or completely 

address the objective. Further, their focus was often 

inconsistent throughout the sequence of validation 

documents. Deficiencies described ranged from 

gross omissions to poorly described details. For 

example, one manager described an equipment 

qualification in which the engineering scientist 

thoroughly demonstrated mixer rpm performance 

in a variable-speed mixer, but did not address the 

temperature control features of the system. Another 

manager described a well-written and comprehen-

sive validation test plan that omitted certain speci-

fied tests during execution—the technician doing 

the tests decided that they were unnecessary. Anoth-

er manager described a validation results package 

in which a scientist conducted an experimental 

study with sampling every 15 minutes to determine 

the mixing time for a liquid formulation, rather 

than confirming the predetermined mixing time 

specified in the protocol. Several examples were 

described in which equipment parameter extremes 

(e.g., temperatures, times) were not adequately 

tested relative to actual equipment usage. Rationale 

for testing and sampling was often not discussed or 

justified. Many problems with original data record-

ing including destruction of original data, number 

transpositions, and other problems were described 

(1).

Explanations Not Thorough  
and Not Understandable
Another major problem described by managers 

was inadequate discussion of validation results. 

Validation managers acknowledged that discussion 

in validation documents is a difficult challenge. 

Validation documents are read by people with vary-

ing technical backgrounds and varying levels of 

education and experience. Auditors who are trained 

and experienced in analytical chemistry may audit 

manufacturing process or equipment validation 

documentation. Or conversely, auditors with little 

chemistry background may review and critique 

technical analytical methods. In both examples, the 

expertise of the reader is not commensurate with 

the documents being reviewed.

Validation writers often tend to write as little as 

possible. They argue that writing minimal content 

will prevent regulatory observations—“the more 

you write, the more you will be gigged.” Also, 

personnel doing validation work are often more 

oriented to “doing” rather than writing—they do 

not enjoy writing; when forced to write documents, 

they provide minimal content documents. At the 

other extreme are writers who write too much 

and provide excessively lengthy documents. Their 

strategy is to provide documentation that is so volu-

minous it cannot possibly be read by the auditor, 
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and hence, will not be reviewed and no regulatory 

observations will ensue. Both of these approaches 

are flawed.

Another problem expressed by validation man-

agers involved the level of technical content of 

validation documents. Some writers write at a high 

level of complexity rendering their documents not 

understandable to others outside of their academic 

discipline. Validation documents must not be so 

complex that they are understandable only by the 

author or by a reader with a high level of related 

expertise.

Validation managers also described situations 

in which writers of validation documents helped 

explain the content to the site validation approval 

committee during the approval process. While 

this practice is helpful and facilitates approval, it 

inadvertently creates substandard documents. The 

writers who explained their documents may not be 

available to explain their documents during future 

audits or other times when explanations are need-

ed. Written documents must be understandable 

without additional expert explanation.

Inadequate discussion of test results was a fre-

quent problem described by the managers. “Results 

pass” is not adequate discussion of validation test 

results. Also mentioned was a lack of a strong con-

clusion statement after discussion of validation 

results. The validation document must clearly state 

that the objective of the validation (e.g., process, 

cleaning, equipment, etc.) is validated or qualified 

(2).

Incorrect Grammar and Spelling
Validation managers also complained about poorly 

constructed sentences and spelling mistakes. The 

content of validation documents must be correctly 

written. All agreed that the technical writing skills 

are not something to be assumed. People who are 

technically knowledgeable or are good verbal pre-

senters of information are not necessarily good 

writers. People with advanced degrees should also 

not be assumed to be good writers. One validation 

manager described an experience in which an entire 

page of discussion (~500 words) was one sentence 

with many commas dividing phrasing. Spelling 

mistakes were also common despite automatic spell 

check in word processing programs. Incorrect words 

that are spelled correctly (e.g., principal and prin-

ciple, capital and capitol) will not be identified by 

spell-check software. Mixed sentence tenses may 

also not be identified by spell-check software. Spell-

ing and sentence errors may occur when the author 

is writing in his “second” language.

Validation documents must contain correctly 

structured sentences, and incorrect spelling must 

not be overlooked.

What are the Consequences?
If validation documents omit results, have either 

insufficient or excessive levels of content, or con-

tain grammatical or spelling errors, the reader will 

infer a negative impression of the site. This negative 

impressing will include the specific functional orga-

nization responsible for the document as well as 

the document author. Good work may be unfairly 

evaluated because documents were poorly written. 

The impressions provided by poorly written or slop-

py documents could negatively influence a regula-

tory auditor. This negative impression, especially if 

formed early in an audit, may carry over to other 

areas during the entire audit. These may be serious 

consequences.

SOLUTIONS
Validation managers suggested solutions to address 

documentation problems. Managers stressed that 

writers of documents must understand basic valida-

tion principles and current regulatory expectations. 

Practitioners who learned validation in the 1990s 

or earlier and who have not remained current with 

regulatory expectations will not write acceptable 

documents. Good validation documents cannot be 

written without basic understanding of current vali-

dation principles and requirements.

Validation Fundamentals
Managers described several key validation concepts 

that must be considered in validation documents. 

These include the lifecycle approach to validation, 

risk analysis, and that validation must confirm 

technical expectations.

Lifecycle approach to validation. There 

should be a lifecycle approach to validation and 

qualification projects. A lifecycle approach com-

prises understanding of the system being validated 

prior to validation, execution of the validation 

protocol, and subsequent maintenance of the vali-

dated state throughout the product, process, or 

equipment lifetime. The US Food and Drug Admin-

istration published its process validation guidance 

in 2011(3). Although this document specifically 

addresses manufacturing process validation, its 

principles are applicable to all validation and quali-

fication activities. All systems being validated or 

qualified should follow the lifecycle approach—

understand, execute, and monitor. The key elements 

of the lifecycle approach must be embraced by all 
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involved with validation.

Risk analysis. The International Conference 

on Harmonisation (ICH) Q9 document (4) has 

described the importance of risk analysis in mul-

tiple aspects of pharmaceutical processing and 

associated areas. Example applications in quality 

management; regulatory operations; research and 

development; facilities, equipment, and utilities; 

materials management; laboratory operations; sta-

bility studies; packaging and labeling; and associ-

ated areas are described. Everything done in valida-

tion must be related to risk. Highest-risk processes 

should be thoroughly understood and undergo the 

most thorough testing in validation. Highest-risk 

equipment should be most rigorously designed 

and controlled, and be most strenuously tested in 

validation.

Validation is confirmation. Validation is 

not research, development, determination of the 

unknown, fine-tuning, optimization, or other 

exploratory work. Techniques, sampling, testing, 

and associated activities should have been tried 

before initiating validation. We must not be deter-

mining how to perform a test in validation. We 

must not have new acceptance criteria in validation 

that have never been evaluated. We must not be try-

ing software for the first time. The approved valida-

tion protocol must be executed with complete con-

fidence of success. For all validation (i.e., process, 

cleaning, equipment, facilities, utilities, computer 

systems, analytical, etc.), validation is confirmation 

of what is already known (5).

Clear, Complete, Concise, and Consistent
The respective content of the validation docu-

ments should be clearly and directly related to the 

objective of the document. There must be definite 

continuity between documents. The content of the 

sequence of validation documents (validation ini-

tiation and plan, validation protocol, and validation 

results/report) must demonstrate knowledge and 

understanding, must be relevant to the objective, 

and must be clear, concise, consistent, and com-

plete. There should be a logical progression of infor-

mation throughout the sequence of documents.

Stage 1 documents. Design and development 

(R&D) documents should demonstrate good under-

standing of the system being validated. Design and 

development work should be based on scientific 

and technical principles. Stage 1 documents should 

identify highest risk areas. They should address 

sources of variation and provide control mecha-

nisms. Statistical methods should be used for deci-

sions whenever possible. The content and recom-

mendations of Stage 1 documents should then be 

reflected in Stage 2 PQ validation documents.

Stage 2 documents. Validation PQ docu-

ments (i.e., initiation and plan, protocol, results, 

and reports) should be consistent with information 

developed in Stage 1. Plans should describe systems 

and identify risks. Plans should identify appropriate 

testing and sampling based on risk analyses. Proto-

cols should detail testing as recommended in plans. 

Tests must be executed based on specified details in 

protocols. Results and reports should clearly discuss 

confirmatory results and clearly state whether the 

system is validated.

Stage 3 documents. Stage 3 documents 

should demonstrate the ongoing maintenance of 

the validated state as designed in Stage 1 and exe-

cuted in Stage 2. Systems must be monitored based 

on risk. Highest risk areas must receive greatest 

attention in sampling, testing, and frequency of 

same in Stage 3. If changes to validated systems 

are required, they should be evaluated through a 

change control system that follows a Stage 1-Stage 

2 progression of analysis and execution.

Thorough and Understandable  
Explanations
Validation documents must be written for the future 

reader of the document. Validation documents will 

be read by a wide variety of readers over the many 

years that they will be relevant. Individuals with 

varying backgrounds, education, experience, orien-

tation, and so on may potentially read validation 

documents. Authors of validation documents must 

try to write documents that will be understand-

able to all of these potential readers. Colleagues 

from other areas (with unrelated expertise) should 

be asked to review documents to help gauge the 

acceptability of discussions. Documents that clearly 

require additional explanation to be understood 

are not acceptable. Documents must “stand alone.” 

Input from the site validation approval committee 

(i.e., multidisciplinary individuals with varying 

backgrounds) should be helpful in developing an 

appropriate level of explanation in the validation 

document. When reviewing validation documents, 

the validation approval committee must “eschew 

obfuscation and espouse elucidation,” (i.e., docu-

ments must be clear and understandable). The con-

tent of the document must be understandable to the 

future readers of the document.

Correct Grammar and Spelling
Validation documents must be correctly written 

following conventional rules of grammar and punc-

tuation. There must be no spelling errors. There 

is no excuse for grammar and spelling errors in a 



PROCESS VALIDATION – Process Qualification 69

Paul L. Pluta

modern technical organization. Sentences should be 

short and simple. Too many phrases or an excessive 

number of commas in a sentence likely indicates a 

poorly-constructed sentence. Simple words should 

be used whenever possible. The reader will not be 

impressed with complex words if the content is not 

understandable.

When English is the author’s second lan-

guage. Several managers commented that document 

problems occurred because the writer of the valida-

tion document was not proficient in English gram-

mar (i.e., English was the writer’s second language). 

Those approving the validation documents were 

reluctant to make corrections for reasons of political 

correctness. While these situations need to be care-

fully handled with sensitivity, validation personnel 

must remember that they are responsible for the 

quality of important documents that will be audited 

for many years in the future. Situations of this type 

should be anticipated. A team approach to writing 

can be used (i.e., the technical expert and a docu-

ment specialist collaborate to produce the final docu-

ment). The primary writer will likely be appreciative 

of the help given. Such situations are best addressed 

in advance of writing final documents.

TRAINING
Commitment to a training program is an obvious 

approach to improve validation documents. Training 

must be serious (i.e., there must be a commitment 

to the principles espoused in the training). There are 

two groups that must be trained on the documenta-

tion concepts. These include validation writers (i.e., 

those who write validation plans, protocols, and 

validation results documents) and the site validation 

approval committee (VAC) (i.e., those who approve 

the written validation documents).  Before this train-

ing can start, all must be knowledgeable of valida-

tion basics, terminology, regulations, and other 

fundamentals. Especially relevant are the lifecycle 

approach to validation, risk management, and con-

firmatory aspects of validation.

Validation Writers
Engineers, scientists, technicians who write valida-

tion documents, execute protocols, or are otherwise 

specifically involved with validation documenta-

tion must understand the importance of valida-

tion documents. Sites should develop templates 

and model documents for use by writers. Train-

ing should discuss their usage, relevant aspects of 

technical writing, original data requirements, and 

other topics associated with documentation. This 

training should establish a baseline of expecta-

tions for those submitting validation documents for 

approval to the site validation approval committee.  

Training must provide a clear approach to writing 

the respective validation documents and establish 

expected content standards. Validation document 

authors must understand that their documents 

must be clear, concise, and must stand-alone (i.e., 

not require additional explanation). 

Personal consequences. Writers of validation 

documents should be reminded that their personal 

credibility and reputations suffer when documents 

are poorly written.  Even if they did not design 

or develop the system being validated, or did not 

perform the actual work of validation, the primary 

author of the validation document has an implied 

responsibility for the work. While this may be 

unfair in some situations, the person whose name is 

at the top of the document receives primary credit 

or blame for the work therein.

Training of writers of validation documents has 

been discussed in a prior “PQ Forum” (1).

Validation Approval Committee
The VAC members have important responsibilities 

at the manufacturing site. In addition to assuring 

that all validation is conducted according to sci-

entific and technical principles and meets policy 

requirements and regulatory guidelines, the VAC 

reviews and approves all validation documents. The 

VAC must agree on document standards and must 

consistently require that standards be achieved. 

The VAC should review documents as if they were a 

regulatory agency auditor. They should review doc-

uments without input from the authors. Validation 

documents need to be “stand-alone” documents 

that can be understood by auditors without ques-

tions.  If the author of a protocol must be present to 

explain the protocol to the VAC, the protocol does 

not contain sufficient information or is not clearly 

written.

The VAC must require correct grammar, spelling, 

and punctuation in validation documentation. The 

VAC must not approve validation documents with 

obvious grammatical deficiencies.

Clearly identifying the responsibilities and expec-

tations of the VAC assures appropriate focus of indi-

vidual VAC members as well as providing standards 

for documents submitted to the VAC for approval. 

The role of the validation approval committee has 

been addressed in a prior “PQ Forum” (6).

MANAGEMENT SUPPORT
Senior site management and functional manage-

ment must be openly supportive of high quality 

validation documentation. Employees provide 

what management wants.  Management must 

be aware of the potential consequences of sub-

standard validation documents. The impressions 
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provided by poorly written or sloppy documents 

might negatively influence a regulatory auditor. 

This negative impression, especially if formed early 

in an audit, may carry over to other areas in the 

site. Site management and functional management 

must insist on good validation documents and 

must show consistent interest in good validation 

documents if sites are to raise their level of perfor-

mance. Management support must be visible and 

consistent.

CONCLUSIONS
Validation documents are critically important. 

Regulatory auditors always review validation docu-

ments. Documentation problems observed by regu-

latory auditors may have significant consequences, 

even beyond the specific validation of interest. 

Organizations should do whatever is necessary to 

maximize the quality of validation documents.

The following are three simple rules proposed for 

writers of validation documents:

 Clear, complete, concise, and consistent

 “Stand-alone” documents written for the reader

 Short sentences and simple words.

Improving validation documentation cannot 

be achieved solely by the effort of the site valida-

tion group. Training of all site individuals with 

involvement in validation documentation is recom-

mended. Templates and model documents should 

be developed to establish standards. Writers of 

validation documents must be made aware of the 

importance of their documents. They must under-

stand basic validation fundamentals as well as regu-

latory requirements and expectations for validation 

documents. The site validation approval committee 

must also insist on good validation documentation. 

They must consistently maintain the established 

standards for validation documents. Site senior 

management and functional management must 

demonstrably support high quality documentation 

for validation.
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“PQ Forum” provides a forum for validation practi-
tioners to share information about Stage 2 process 
qualification in the validation lifecycle. The informa-
tion provided should be helpful and practical so as to 
enable application in actual work situations.

Comments from readers are needed to help us 
fulfill our objective for this column. Please contact 
column coordinator Paul Pluta at paul.pluta@com-
cast.net with comments, suggestions, or case studies 
for publication.

KEY POINTS
The following key points are discussed:

Validation managers identified problems with 

original validation data as one of their most 

troubling problems. These problems also 

included original data supportive to valida-

tion projects. Problems reported included the 

following:

Original data practices

Original data responsibility and verification

Data in reports

Original data retrieval.

Data problems may have significant conse-

quences for individuals, management, and the 

organization.

Site data and documentation practices and 

related validation procedures may need to 

be strengthened to avoid original data prob-

lems. Electronic data management systems are 

recommended.

Training of all personnel associated with data 

recording, report writing, and report approval is 

recommended.

The site validation approval committee (VAC) 

must be supportive of good validation docu-

ments and must be especially vigilant when 

original data are involved.

Site senior management and functional man-

agement must be supportive of good data prac-

tices and maintaining data integrity.

INTRODUCTION
The following was the subject of a lunchtime discus-

sion at IVT’s 17th annual conference 

in Philadelphia, PA, USA in October 2011. Partici-

pants described various problems they experienced 

with validation documentation regarding data con-

tained in validation reports and associated docu-

ments. This discussion is especially relevant because 

Stage 1 development data is becoming an important 

part of process qualification (PQ) documentation.

The data reported in validation results are key 

components of a validation project. The protocol 

specifies required sampling and testing, which in 

turn generate data. The validation report reproduces 

these data, discusses results, and provides conclu-

sions.  The respective content of the original data, 

protocol, and results must be consistent to demon-

strate that the item of interest is validated. Test data 

and results generated as specified in the protocol 

are critical in the validation process because they 

provide the technical basis for the final validation 

report. Data in the validation report must also be 

consistent with development data that support 

the validation project. Research and development 

(R&D) and other technical reports may be refer-

enced in the validation report.

The acceptability and integrity of validation data 

determines whether or not a process, equipment, or 
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utility is validated. Everything depends on accept-

able test results and data integrity. Further and 

more important, problems with reported data may 

seriously impact the credibility and reputations 

of associated individuals and management in the 

organization.

The following briefly describes the content of this 

discussion:

Original data problems. The specific problems 

with original validation data and associated 

original data are described.

Consequences. The possible consequences if 

these problems are not addressed, and implica-

tions for the author and the organization are 

discussed

Solutions to the problems. Approaches to 

address these problems are proposed.

Training. Focused training of technicians who 

record data, validation document authors, and 

the validation approval committee to minimize 

original data problems is highly recommended.

Validation policy and practice. Specific vali-

dation practices involving original data are 

recommended.

Management support. Functional and site man-

agement must support the effort to improve vali-

dation data practices and documentation.

BACKGROUND
The process of validation typically comprises the 

following sequence of activities:

1. Change desired. An equipment or process 

change is needed or required. This may be a 

necessary change or a desirable improvement.

2. Development work. Appropriate technical devel-

opment work may be initiated to support or jus-

tify the change. Data generated in this work are 

recorded.

3. Technical reports. Technical reports that dis-

cuss development work and include the afore-

mentioned data are written if necessary.

4. Validation plan. A formal request to initiate 

the validation process is submitted to the vali-

dation approval committee (VAC). Develop-

ment data and reports may be included in the 

request in support of the change. The change 

request includes a proposed level of work to 

confirm the acceptability of the change. The 

VAC approves the change request.

5. Protocol. A protocol is written specifying 

detailed sampling and testing to confirm the 

acceptability of the change. The VAC approves 

the protocol.

6. Validation work. Validation work is performed 

according to the protocol.  Sampling and test-

ing are completed. Data and other results are 

generated and recorded.

7. Validation report. A report containing all test 

results with discussion and conclusions is 

 prepared and submitted to the VAC for approv-

al. The report is approved and the process or 

equipment change is implemented.

8. Validation closure. If no other work is needed, 

the validation project initiated by the change 

request is closed.

9. Continued verification. Post-validation moni-

toring confirming acceptability of the change 

continues throughout the product and process 

lifecycle. Test data are generated.

10. Document storage. All validation documenta-

tion associated with the above is stored in the 

validation library or other secured area.

11. Document retrieval. Documents are retrieved 

as needed for regulatory, client, internal, 

or other audits, or as needed as a technical 

resource.

The issues addressed in this discussion occur 

either in steps number 2 and 3, 6 and 7, 9, and 

11.  In steps 2 and 3, the work conducted during 

development in support of the validation project is 

documented by technical people. Data are recorded 

in a variety of ways including research notebooks, 

electronic systems, and other acceptable methods. 

Results and data are available either as copies of 

original documentation or retyped into a report. 

In steps 6 and 7, subsequent validation work is 

then conducted to confirm the acceptability of the 

validation project. Data are recorded in a variety of 

ways including the validation protocol, individual 

data sheets, electronic systems, and other accept-

able methods. Results and data are available either 

as copies of original documentation or retyped 

into the validation results document. Special post-

validation data (step 9) may be requested subse-

quent to Stage 2 PQ. Often, however, original data 

from these activities is substandard or not accept-

able for a variety of reasons. Problems may not 

become known until years later when documents 

are retrieved (step 11) and data are reviewed during 

an audit.

ORIGINAL DATA PROBLEMS
The data and documentation problems described 

herein may be grouped into the following 

categories:

Original data practices—problems with the 

original recording of data.

Original data responsibility and verification—

inadequate personal signature and date when 

recording data, inadequate verification, inad-

equate approval.
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Data in reports—data errors in reports due to 

number transpositions and other problems. 

 Inadequate review of data against original data.

Original data retrieval—original data not 

retrievable or no reliable system to quickly 

retrieve data.

Original Data Practices
Validation managers have reported numerous prob-

lems with original data. Some of these included 

data recording on individual pieces of paper 

(i.e., loose, unbound, or unattached paper). Data 

remained on these sheets, or was copied into labo-

ratory notebooks or other documentation systems. 

If transferred to other systems, the original data 

sheets were usually discarded. People recording 

data did not understand that where they originally 

record data is a primary document that must be 

retained.

One validation manager described an event in 

which an engineer submitted an excellent report 

describing the validation conformance runs for 

a manufacturing process. The engineer was then 

asked to provide the actual test data that were listed 

in the report. He returned to the conference room 

with test results written on paper bags.  

Another manager described an incident in 

which a formulation scientist was asked to provide 

original data reported in the validation results. 

He returned a short time later with a handful of 

wet and crumpled paper towels that he was able 

to recover from the trash. These paper towels con-

tained original validation test data.

Data corrections are another problem. Several 

validation managers commented on instances of 

error corrections in original data. Changes were 

made by “scratch-outs,” “cross-outs,” using “white 

out” correction liquid, and other means. When mis-

takes are made, they should be corrected by lining 

out the erroneous result with a single line, and then 

adding the correct value near the erroneous value. A 

clear and concise explanation of the mistake should 

be written near the changes. Validation managers 

complained that explanations of mistakes were 

often completely absent or were poorly written.

Another manager described an incident in which 

an engineer was asked to provide original data for 

a validation document that had previously been 

approved. The engineer replied that because the 

validation was approved, he had destroyed all his 

original data.  He never kept any original data, 

which were usually recorded on loose paper. He 

believed as long as the data were typed into the 

validation report, the report then served as original 

data. He thought that if the VAC wanted to see the 

original data, they should have asked him when 

they originally reviewed the report. If the VAC had 

wanted him to retain the original data, they should 

have told him to do so.

Managers also described incidents in which 

the engineer changed the test procedure because 

the equipment failed the test as specified in the 

protocol. For example, the qualification protocol 

required a temperature of 90°C. Actual testing indi-

cated that a maximum temperature of only 82°C 

was possible. The engineer changed the protocol 

from 90°C to 80°C and recorded “Pass” on the data 

page. Changes were made without consulting super-

visors or investigating the reason for the problem.

The above events demonstrate gross misunder-

standing of good data and documentation practices. 

All original data must be carefully and correctly 

recorded into a system following good documenta-

tion practices. If necessary, corrections may be made 

according to a prescribed procedure. Data must be 

completely secure, and must be able to be retrieved 

within a reasonable time period.

Original Data Responsibility  
and Verification
Personnel who record data or verify data must do so 

by their signature and date.

Validation managers reported that pages contain-

ing original validation data were often not signed 

or dated by personnel who recorded the data. Also 

there was no verification of data by a second per-

son. Examples described above (i.e., individual 

pages, paper bags, and paper towels) were not 

signed or dated by the technician nor were pages 

verified by a second person. Without verification by 

a second person, there is no assurance that the work 

was actually done and was not falsified data. There 

is no proof of performance.

Another validation manager described a situation 

in which a validation report was being reviewed 

by the VAC. Several blank spaces were observed 

on quality control (QC) audit pages indicating cer-

tain areas of the batch record were not reviewed. 

The audit pages were returned to QC for review. 

The pages were returned with all blank areas cor-

rected, but the sheets were signed and dated as if all 

reviews were completed at the same time. The date 

of the correction was not accurately reported. When 

asked about the inaccurate date on the report, the 

analyst responded that all reviews should have been 

done on the original date, so that was the proper 

date to be recorded.

A responsible person should sign and date on the 

date when data are recorded. This same procedure 

should be followed when data are transferred. A sec-

ond person should then verify the original data 

recording or the data transfer.
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Data in Reports
Data in reports must be consistent with original 

recorded data.

Several validation managers reported instances 

where discrepancies occurred between original data 

and data found in reports. In one case involving an US 

Food and Drug Administration submission, more than 

25 errors were found including number transpositions 

(e.g., original 45 written as 54), wrong numbers, and 

other problems.  Carelessly written original numbers 

contributed to the problem (e.g., a carelessly written 

“6” was read as “0”). The magnitude of the errors was 

not sufficient to change the interpretation of results. 

However, the final validation report did not accurately 

reflect the actual test data. Data transferred to the 

validation report were not checked for accuracy.  There 

were no signatures by personnel responsible for data 

transfer or verification of the data by a second person. 

Checking data transfer is tedious work, not some-

thing that can be done quickly or with a superficial 

approach. An FDA-483 observation was given by the 

investigator who found the errors.

Data in reports must be accurate. Reports must be 

free of errors, number transpositions, or other mis-

takes. When small amounts of data are being reviewed, 

all data must be checked. When large volumes of data 

are being reviewed, a reasonable sampling of data will 

be adequate. These approaches should be defined in a 

site standard operating procedure (SOP). Whomever 

does the data transfer should then ask a second per-

son to verify for accuracy. This second person should 

also sign and date that data transfer accuracy has been 

verified.

Validation managers commented that often origi-

nal data undergo multiple transfers between the 

original work and final reporting in a validation 

document. For example, original solubility data for 

an active pharmaceutical ingredient (API) was deter-

mined in an R&D lab at the start of a development 

project. This determination was referenced several 

times during the development program in multiple 

reports and emails.  Ultimately, the cleaning valida-

tion results package that was conducted several years 

after the original solubility work referenced these 

same data. Through these transitions, experimental 

details were lost, numbers were rounded, values were 

approximated, and so on. The value reported in the 

cleaning validation was different than the original 

experimental determination even though each indi-

vidual transition was reasonable and defendable.

When a new report is written, data should be 

reviewed for consistency starting with original data. 

The consistency of original data with Report A, 

Report A with Report B, and Report B with Report 

C is not relevant. The consistency of original data 

with Report B is critical. When validation reports 

are written, consistency with original data must be 

assured.

Original Data Retrieval
Original data must be retrievable within a reasonable 

time period.

Another validation manager described an incident 

where an auditor requested an equipment valida-

tion report. The validation report was more than 10 

years old. The report contained typewritten data on 

machine operational parameters and material test 

data. The auditor asked to see the original test data. 

The engineer who authored the report had left the 

company several years prior, and his experimental 

files were in company archives at another site. All 

other persons involved in the original validation 

(e.g., QA, engineering, and other groups) were also 

no longer with the company or in other jobs at other 

company sites. There was no way to easily retrieve 

original data or get information about the project 

from individuals involved.

Original data must be rapidly retrievable if 

requested during an audit or to review technical 

content. “Rapid retrieval” means within 30 min-

utes. If data or reports cannot be retrieved within 30 

minutes, the auditor should be advised as soon as 

possible. Audits conducted at manufacturing sites in 

Puerto Rico may require data from corporate facili-

ties in the US; often these connections cannot be 

made in a timely manner. This is especially impor-

tant in regulatory audits.

Validation managers should consider insisting on 

filing original data or copies of data in the validation 

library when retrieval systems are not automated or 

electronic.

CONSEQUENCES
If validation documents contain errors in data or 

have other document problems, the reader of the 

validation document will infer a negative impres-

sion. Depending on the magnitude and frequency 

of problems, this negative opinion could include 

the author, his functional organization manage-

ment, senior management, and the entire site. Good 

work may be unfairly evaluated because documents 

contain errors or are poorly written.  If the reader 

is a regulatory auditor, these impressions may have 

serious consequences. A negative impression, espe-

cially if formed early in an audit, may carry over to 

other areas during the entire audit. If data or docu-

mentation problems are serious or occur multiple 

times during the audit, this may suggest fraudulent 

data or serious lack of control, and consequences may 

be extreme.

Writers of validation documents should be remind-

ed that their personal credibility and reputations suf-
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fer when documents contain errors or are poorly writ-

ten. Even if they did not design or develop the system 

being validated, or did not perform the actual work 

generating data, the primary author of the valida-

tion document has an implied responsibility for the 

work. While this may be unfair in some situations, 

the person whose name is at the top of the document 

receives primary credit or blame for the work therein. 

Writers of validation documents should assure that 

the data in their reports are accurate, consistent with 

original data, follow good documentation practices, 

and are retrievable. Consequences of poor data man-

agement are not limited to technicians or document 

writers. If repeated data problems are observed that 

suggest a systemic pattern or lack of attention to 

data integrity, consequences can extend far beyond a 

single FDA-483 observation. Inadequate data man-

agement will involve functional management, senior 

management, and site reputation with the regulator 

agency.  Frequent problems of this type may poten-

tially have serious consequences.

SOLUTIONS TO THE PROBLEMS
Validation managers suggested solutions to address 

data and documentation problems. Specific recom-

mendations included:

Data recording and data storage systems

Good data and documentation practices, 

including data responsibility, corrections, and 

associated practices

Training

Specific validation procedures including origi-

nal data review and storage of original data.

Data Recording and Data  
Storage  Systems
All original technical data generated in an organiza-

tion must be recorded into a system that is secure, 

retrievable, and protective of data integrity. The sys-

tem must allow data to be retrieved as needed within 

a reasonable time period. Data may be recorded into 

bound laboratory notebooks or into electronic sys-

tems. Electronic systems are desirable; then provide 

security and enable immediate access. Rapid retrieval 

of data is especially important when requested by 

regulatory auditors.

Data may be recorded into bound laboratory 

notebooks with consecutively numbered pages. 

Numbered pages are required to prevent pages from 

being removed from the notebook. Three-ring bind-

ers with loose pages are not suitable for use as labo-

ratory notebooks. Filled notebooks and notebooks 

belonging to personnel who have left the organiza-

tion should be stored in a secured area. If notebooks 

are removed from the secured area, there must be 

a mechanism to return the notebook to the area 

(i.e., unrestricted access and removal of information 

is not acceptable). R&D scientists are accustomed 

to using laboratory notebooks. Systems in which 

technical personnel are assigned specific numbered 

individual notebooks can be easily implemented. 

A notebook administrator at the site should be des-

ignated. The notebook administrator is responsible 

for tracking all notebooks at the site. Notebooks 

assigned to technical personnel are used and stored 

by them in their offices or laboratories. They should 

be stored in locked desks or other secure locations. 

When individuals who have notebooks leave the 

organization, they must return the notebooks to the 

site notebook administrator. This enables all data in 

the notebook to always be accessible to auditors or 

for other needs.

Manufacturing sites may not be familiar with 

these practices and not have secure systems in place. 

Even worse, they may be resistant to implementing 

even simple notebook systems. Groups may believe 

that documentation procedures are not important 

or are too restrictive to their regular responsibili-

ties. These erroneous attitudes must be immediately 

addressed and corrected. Original data cannot be 

recorded on scrap paper and stored in a personal 

desk drawer in a compliant organization.

Good Data and Documentation Practices
Data and documentation practices must be defined 

in procedures. This applies to signatures, initials, 

dates, correcting errors, explaining errors, dating 

practices, and other procedures associated with 

data recording and verification. These practices are 

usually well defined in manufacturing and qual-

ity organizations. Related organizations (i.e., those 

not directly involved in daily GMP activities) may 

not have rigorous documentation procedures. More 

importantly, management of these organizations 

and the culture of these areas may not emphasize 

the importance of good documentation practices. 

Organizations even  remotely connected to GMP 

activities must have procedures defining these prac-

tices. Personnel must understand and be compliant 

with procedures. Management must support com-

pliance to these procedures in practice and in the 

spoken word.

Whenever data are recorded, the person recording 

the data must affirm the accuracy of the data and 

accept responsibility for the data. This is done by 

signature and date on the original data document. 

People must be accountable for their work. When 

they are required to sign and date documents or 

data affirming the performance of their work, the 

accuracy of their data, and their personal integrity, 

personnel reviewing the document have much 

greater confidence in the content of the document.
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Depending on the type and circumstances of the 

situation, original data should also be witnessed by 

a second person. Verification by a second individual 

may be likened to GMP requirements that critical 

steps in manufacturing must be verified by a second 

person. Verification by a second individual applies 

to original data recording as well as to data transfer 

from original data records to computer systems or 

to validation reports.  If, for example, original data 

are entered into a spreadsheet for statistical analy-

sis, original data entries on the printed spreadsheet 

must be verified for accuracy and affirmed by signa-

ture and date on the printout of the spreadsheet.

These practices must be documented in a site 

SOP. Organizations must have procedures defining 

signatures, dates, correcting data, explaining correc-

tions, and associated considerations.

These recommendations may necessitate the 

development or strengthening of several procedures 

in the organization.

TRAINING
Training on good data and documentation practices 

is mandatory for all individuals involved in the 

recording, transferring, or approving data or reports 

containing data. The examples provided by valida-

tion managers indicated significant misunderstand-

ing of fundamental procedures and serious non-

compliance. Technical and engineering personnel 

are often not as familiar with data-recording proce-

dures as manufacturing, QA, or GMP analytical lab 

personnel. Procedures addressing data recording, 

signatures, dates, and so on may be infrequently 

used in their daily job functions.  Training and 

periodic retraining must be considered depend-

ing on the overall competence of the organization. 

Individuals with good documentation skills may 

be assigned to work with personnel who are unable 

to meet training standards (i.e., a partnership 

approach to facilitate acceptable data recording). 

Some organizations have hired GMP specialists for 

this purpose.

Commitment to a training program is an obvious 

approach to improve data and documentation prac-

tices at a site. Training must be serious (i.e., there 

must be a commitment to the principles espoused 

in the training). The following groups must be 

trained:

Personnel involved with data. This includes all 

personnel involved with data recording, trans-

ferring, reviewing, and approving. These people 

must be familiar with good data and documen-

tation practices. 

Validation writers. This includes people who 

write validation plans, protocols, and validation 

results documents. They must know good data 

and documentation practices to assure that data 

contained in their documents are acceptable.

Validation approval committee (VAC). This 

group approves all written validation docu-

ments. They also must know good data and 

documentation practices to assure that data 

contained in the documents are acceptable. The 

site VAC must be especially well trained in these 

procedures. The VAC functions as surrogate 

auditors of validation documents. They must 

not assume that a well-written validation report 

is based on acceptable original data. Review 

of original data must be part of any report 

review. Clearly identifying the responsibilities 

and expectations of the VAC assures appropri-

ate focus of individual VAC members as well as 

providing standards for documents submitted 

to the VAC for approval.  The role of the VAC 

has been addressed in a prior “PQ Forum” (see 

Reference).

VALIDATION POLICY AND PRACTICE
Validation managers suggested development or 

enhancement of documentation practices associ-

ated with validation documents. The following two 

practices were recommended.

Review of Original Data by the VAC  
During Validation Document Approval
When the VAC is reviewing a validation report con-

taining test data or other results, the documenta-

tion containing original data should be requested 

and must also be reviewed.  This practice should 

be clearly stated in a validation procedure. Imple-

menting this practice will eventually eliminate data 

recording on paper towels and similar unacceptable 

media. If original data are still recorded on indi-

vidual sheets of paper, paper towels, or paper bags, 

these must be considered primary documents and 

be retained and stored appropriately. They must be 

reviewed in addition to the data provided in the 

validation report. VAC members who review and 

approve validation documents must not be com-

pletely dependent and trusting of the data typed 

into validation reports or other documents contain-

ing transferred data.

Regarding transferred data, VAC members should 

also insist on the responsibility (i.e., signature and 

date) of personnel who have transcribed data from 

original documentations to the validation report. 

Policies should specify requirements for data veri-

fication.  All data numbers should be verified for 

small amounts of data. Reasonable sampling of 

data for verification is acceptable for large amounts 

of data. In any case, acceptance of transferred data 

in a validation report without verification must 



PROCESS VALIDATION – Process Qualification 77

Paul L. PlutaPaul L. Pluta

not occur in the approval process for validation 

documents.

Storage of Original Data in  
Validation Files
Original data may be stored as part of the approved 

validation report in the validation library. The vali-

dation library should be a secure area from which 

validation documents cannot be removed. If a site 

does not have a document storage system or a bound 

notebook system and is unwilling to implement such 

a system, storage of original data in validation docu-

ments should be done. The validation report must be 

supported by original data. If the site does not have a 

good data storage and retrieval system, the validation 

area should store the original data within the valida-

tion package. If originators are not willing to release 

their original data, the copies of original data should 

be filed with validation documents.

MANAGEMENT SUPPORT
Senior site management and functional manage-

ment must be openly supportive of good data and 

documentation practices and high quality validation 

documentation.  Employees provide what manage-

ment wants. Management must be aware of the 

potential for significant negative consequences of 

substandard data and documentation practices. The 

impressions provided by poorly documented data 

and sloppy practices may significantly and nega-

tively influence a regulatory auditor. This negative 

impression may carry over to other areas in the site. 

Poor practices may even be interpreted as fraud. 

Site management and functional management must 

insist on good documentation practices and must 

show consistent interest in maintaining good prac-

tices if sites are to raise their level of performance. 

Management support must be visible and consistent.

Senior management may not be familiar or 

have interest in data or documentation problems. 

Senior management may focus on financial issues 

or other non-GMP issues.  Compliance and valida-

tion personnel may need to persist in educating 

senior management about data and documentation 

problems, and about the potential ramifications of 

these problems to the entire organization. Efforts 

to upgrade data and documentation practices in 

the organization that require significant changes 

without senior management support will be futile. 

If management consistently insists on adherence to 

good documentation practices, employees provide 

what management wants.

CONCLUSIONS
PQ documents are critically important. PQ docu-

ments are based on the data provided that demon-

strates the successful performance of the process, 

equipment, and cleaning being validated. Test data 

and results generated as specified in the valida-

tion protocol are critical in the validation process 

because they provide the basis for the final valida-

tion report and the judgment that the item of inter-

est is validated. These data are “sacred.”

Data in PQ documents must be correct and 

entirely consistent with the original data generated. 

Multiple data transfers from original documenta-

tion through final validation reports must not 

introduce mistakes, transpositions, or other errors. 

Further, all data and reports must be available, 

demonstrate good documentation practices, and be 

rapidly retrievable.

The content of this discussion describes a multi-

tude of documentation problems associated with 

original validation test data. Data recording and 

associated documentation for validation may not 

meet expected quality standards. Several actual 

examples involving problems with data and docu-

mentation associated with validation are described. 

These include data recording on scrap paper, 

erroneous transcribed data, improper error correc-

tions, data inconsistent with protocols, and other 

examples.

Validation data are often generated by technical 

persons or engineers who are not familiar with typi-

cal GMP documentation practices. Because they are 

not involved with commercial manufacturing or 

QA on a daily basis, serious errors in data record-

ing, data verification, data correction, and associ-

ated activities may occur. These errors are critical 

to validation documentation. Because validation 

documents are likely to be reviewed by regulatory 

auditors, substandard documentation might have 

serious ramifications to the organization and might 

greatly influence the outcome of an audit.

Compliance personnel must be aware of the 

potential for documentation problems when origi-

nal data are reproduced in reports. Approval of doc-

uments containing transcribed or copied data must 

always include review of original data.

Senior site management and functional manage-

ment must be openly supportive of good documen-

tation practices and high quality validation docu-

mentation. Employees provide what management 

wants. Management must be aware of the potential 

for significant negative consequences of substan-

dard data and documentation practices.  Site man-

agement and functional management must insist 

on good documentation practices and must show 

consistent interest in maintaining good practices if 

sites are to raise their level of performance. Manage-

ment support must be visible and consistent.

Compliance and validation at a regulated manu-
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facturing site is a difficult job.  Compliance depends 

on job performance according to procedures by 

individuals with different backgrounds, expertise, 

skills, experience, and training. Compliance is also 

subject to the stress and pressure of the business 

environment. Personnel familiarity with all rel-

evant procedures at all times cannot be assumed. 

These problems are exacerbated in times of reduced 

headcount, new personnel, contract labor, time 

constraints, financial constraints, backorders, 

projects deadlines, incentive goals, and associated 

occurrences.

Data and documentation problems are ongoing 

problems—they never go away. It is human nature 

to “cut corners,” bend rules, and so on in the inter-

est of time or efficiency.  Validation and compliance 

personnel should persist in encouraging electronic 

systems, optimized design of forms, and mini-

mizing opportunities for personnel errors in data 

practices and documentation. Training is a neces-

sity. Training must also be periodically repeated to 

emphasize and encourage proper practice. Valida-

tion and compliance personnel must continually be 

aware of the potential for documentation problems 

when personnel record original data.

REFERENCE
Pluta, P. L., “Responsibilities of the Validation Approval 

Committee,” , Volume 17, 

Number 1, Winter 2011. JVT
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“PQ Forum” provides a mechanism for validation 
practitioners to share information about Stage 2 
process qualification in the validation lifecycle. 
Information about supporting activities such as 
equipment and analytical validation is shared. 
The information provided should be helpful and 
practical so as to enable application in actual work 
situations.

Reader comments, questions, and suggestions 
are needed to help us fulfill our objective for this 
column. Please contact column coordinator Paul 
Pluta at paul.pluta@comcast.net or managing 
editor Susan Haigney at shaigney@advanstar.com 
with comments, suggestions, or topics for discus-
sion.

ABSTRACT
Validation managers identified problems with 

validation sampling as one of their most troubling 

problems in process qualification (PQ) execu-

tion. Missing samples may have very significant 

consequences. When sampling requirements are 

complex and there is heightened potential for 

errors, designated sampling pages are recom-

mended. These pages clearly describe the samples 

to be withdrawn, list requested samples, and 

require signature and date of the person perform-

ing the sampling. Diagrams or digital photos may 

be included. The sampling pages provide a defi-

nite focus on the sampling process for personnel 

obtaining samples. Pre-printed labels, sampling 

containers, and other measures to facilitate sam-

pling are discussed.

INTRODUCTION
The following was the subject of a group discus-

sion at IVT’s  conference in Phila-

delphia, PA, USA in October 2011. Participants 

described various problems they experienced 

with validation performance. Several validation 

managers mentioned missing validation samples 

as a troubling occurrence with potentially seri-

ous consequences. As sampling schemes become 

more complex, the incidence of missing sam-

pling increases. In addition to loss of informa-

tion required in the validation protocol, missing 

samples requires investigation, documentation, 

explanation in validation reports, and usually an 

additional lot added to the validation package—

extra work for validation as well as an embarrass-

ment for the organization. An auditor who reads 

validation documentation describing missed sam-

pling will be left with an unfavorable impression. 

If something as mundane as sampling cannot be 

successfully accomplished, what does that say 

about the other activities of the organization?

The following briefly describes the content of 

this discussion:

 Background. Sampling in the validation pro-

cess is described.

Sampling Pages

ABOUT THE AUTHOR

Paul L. Pluta, Ph.D., is a pharmaceutical scientist with extensive industrial development, manufactur-
ing, and management experience. He is editor-in-chief of the Journal of Validation Technology and the 
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 Problems. The problems addressed by sam-

pling pages (i.e., missing samples required in 

the validation protocol) are discussed.

 Consequences. Missing samples in validation 

execution may have significant consequences.

 Solutions to problems with sampling pages. 

The content of sampling pages is described.

 Sampling page examples. Representative 

examples of sampling pages are provided.

 Other recommendations—sampling con-

tainers, labels, and sample box. Designated 

sampling containers and associated labels are 

recommended. A box to contain all samples 

for delivery to the test area is recommended.

 Cleaning validation sampling pages. Sampling 

pages for cleaning validation are another 

application and are highly recommended.

 Training. Focused training of validation docu-

ment authors who prepare the sampling pages 

and technicians who withdraw samples is 

recommended.

 Management support. Functional and site 

management must support the effort to 

improve sampling practices and validation 

documentation.

 Data pages. Data pages are a logical continua-

tion of sampling pages and will be discussed 

in a future issue of “PQ Forum.”

BACKGROUND
The process of validation typically comprises the 

following sequence of activities:

1.    Change desired. An equipment or pro-

cess change is needed or required. This 

may be a necessary change or a desirable 

improvement.

2.    Development work. Appropriate technical 

development work may be initiated to sup-

port or justify the change. Data generated in 

this work are recorded.

3.    Technical reports. Technical reports that 

discuss development work and include 

the aforementioned data are written if 

necessary.

4.    Validation plan. A formal request to initi-

ate the validation process is submitted to 

the validation approval committee (VAC). 

Development data and reports may be 

included in the request in support of the 

change. The change request includes a pro-

posed level of work to confirm the accept-

ability of the change. The VAC approves the 

change request.

5.    Protocol. A protocol is written specifying 

detailed sampling and testing to confirm 

the acceptability of the change. The VAC 

approves the protocol.

6.    Validation work. Appropriated personnel 

perform validation work according to the 

protocol.  Sampling and testing are complet-

ed. Samples are transported to testing areas, 

and testing is conducted.

7.    Validation testing. Data and other results are 

generated and recorded.

8.    Validation report. A report containing all 

test results with discussion and conclusions 

is prepared and submitted to the VAC for 

approval.

9.    Validation approval. The VAC approves the 

validation report. The process or equipment 

change is implemented.

10.  Validation closure. If no other work is need-

ed, the validation project initiated by the 

change request is closed.

11.  Continued verification. Post-validation 

monitoring confirming acceptability of the 

change continues throughout the product or 

process lifecycle. Test data are generated as 

specified.

12.  Document storage. All validation documen-

tation associated with the above is stored in 

the validation library or other secured area.

13.  Document retrieval. Documents are 

retrieved as needed for regulatory, client, 

internal, or other audits, or as needed as a 

technical resource.

The issues addressed in this discussion occur in 

numbers five and six. In number 5, sampling is 

specified, usually in a narrative format. In number 

6, sampling instructions are executed and samples 

are withdrawn by appropriate personnel according 

to protocol instructions.

PROBLEMS
Validation managers report that sampling speci-

fied in validation protocols may be omitted, 

overlooked, or incorrectly executed during vali-

dation performance. This problem most often 

occurs in complex sampling schemes. The prob-

lem also occurs when inexperienced operators 

are involved in the validation and are confused 

by the extra samples required for validation. It 

also occurs when conformance runs are infre-

quent (i.e., the extra sampling requirements do 

not occur often) and personnel simply do not 

remember what to do when additional samples 

are required.

CONSEQUENCES
The consequences of missed samples may be sig-

nificant. In some cases, missing samples may be 

retrieved from manufactured materials (i.e., the 
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integrity of the samples obtained later is same 

as samples obtained at time of execution). How-

ever, in other cases, equivalent samples may 

not be available. For example, when future unit 

operations in a manufacturing process change 

the prior sample’s properties or composition, the 

samples required for validation are able to be 

retrieved.  Missing samples cause loss of required 

information. Missing samples may impact speci-

fied data treatment. Missing samples must be 

explained in the validation results. In some 

cases, when significant numbers of samples are 

missing, an additional conformance lot may be 

required to accomplish the intent of the vali-

dation. For example, one validation manager 

described a commercial-scale tablet manufactur-

ing lot in which multiple samples were required 

from each of eight drying runs.  The eight runs 

were then blended together to continue the pro-

cess (i.e., the individual drying run identity was 

lost). No validation samples were withdrawn dur-

ing the drying process. When the omission was 

discovered, an additional conformance lot was 

then added to the protocol to replace the lot that 

was not sampled and thus confirm acceptable 

drying process performance.

PROCESS VALIDATION SAMPLING

PRODUCT:
LOT #
VALIDATION #

UNIT OPERATION: Oven drying  

SAMPLING:  Withdraw 10-gram samples from middle of tray from top, middle,
and bottom of each cart.

SAMPLE # SAMPLED BY DATE

CART #1 TRAY TOP 1
CART #1 TRAY MIDDLE 2
CART #1 TRAY BOTTOM 3
 
CART #2 TRAY TOP 4
CART #2 TRAY MIDDLE 5
CART #2 TRAY BOTTOM 6
 
CART #3 TRAY TOP 7
CART #3 TRAY MIDDLE 8
CART #3 TRAY BOTTOM 9
 
CART #4 TRAY TOP 10
CART #4 TRAY MIDDLE 11
CART #4 TRAY BOTTOM 12

Drying Cart Drying Tray

DELIVER ALL SAMPLES TO TEST LOCATION # ___ 

Digital picture of drying cart
identifying top, middle, and
bottom trays

Digital picture of drying tray
identifying location of sample
to be withdrawn (center of
tray)

 

Figure 1: Process validation sampling page–oven drying.
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DESIGNATED SAMPLING PAGES
Several validation managers described their use 

of designated sampling pages when sampling 

requirements are complicated and have poten-

tial for mistakes and omissions. These pages are 

constructed at the time of protocol preparation 

and are included in the approved validation pro-

tocol.  They are printed on colored (pink) paper 

to stand out from the other pages of the protocol. 

These pages clearly describe the samples to be 

withdrawn, list requested samples, and require 

signature and date of the sampling person. Digital 

photographs may be included on sampling pages. 

The pages provide a definite focus on the sam-

pling process for personnel obtaining samples. 

The site VAC approves the sampling pages at the 

time of protocol approval. Pages are then pro-

vided to the manufacturing area. Pages are used 

at the time of sample withdrawal. Training of the 

person performing the sampling is also provided 

as needed. In some cases (i.e., blend uniformity 

sampling using a sampling thief or sterile process 

sampling requiring aseptic technique), sampling 

is done only by a qualified sampling person who 

has undergone specific training. Completed sam-

pling pages are ultimately returned to the vali-

dation areas and are part of original validation 

documentation.

SAMPLING PAGE EXAMPLES
Examples of sampling pages are provided as 

follows:

 Example one. Sampling from an oven dryer 

unit operation.

 Example two. Sampling from tablet compress-

ing unit operation.

Example One
Example sampling page one describes sam-

pling from four drying carts. Three samples are 

removed from each cart. A total of 12 samples are 

required. Samples are removed from top, middle, 

and bottom trays of each cart. Each sample is to 

be removed from the center of the tray. Digital 

pictures are included in the sampling page to 

illustrate top, middle, and bottom trays in cart 

and to indicate sampling location (middle of tray) 

for material in tray. An example sampling page is 

presented in Figure 1. Labels associated with these 

samples are presented in Figure 2.

Example Two
Example sampling page two describes sampling 

from a tablet compressing process. Samples are 

required during the entire compressing process. 

A total of 17 samples are required. Samples of 

initial tablets compressed are required. Remain-

ing samples are removed from designated storage 

containers (cans). Digital pictures are included in 

the sampling page to illustrate sampling locations 

for samples (from compressing machine and from 

top of bulk tablet storage containers). An example 

sampling page is presented in Figure 3. Labels 

associated with these samples are presented in 

Figure 4.

CONTAINERS, LABELS,  
AND SAMPLE BOX
Validation managers also suggested other activi-

ties to facilitate the sampling of validation confor-

mance runs. These included providing appropriate 

containers for all samples and associated labels. 

Containers must be an appropriate size to accom-

modate the volume of the sample. For example, 

a one-ounce HDPE bottle should be appropri-

ate for a 20-tablet sample to be obtained during 

a compressing process for small tablets. Labels 

should include all necessary information needed 

for identification of the samples. When the num-

ber of samples and sampling containers is small, 

the bottles are pre-labeled. When the number of 

samples is large, labels are applied to bottles at 

Repeat identical labels for samples #2-12.

PROCESS VALIDATION SAMPLING

PRODUCT: PRODUCT X
LOT # XX-XXXX-XX
VALIDATION # XXX-2012
UNIT OPERATION: Oven drying

SAMPLE #1 CART #1 TRAY TOP

Figure 2:  Sample labels. Process validation sampling–oven drying.
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the time the samples are taken by the sampling 

person. Labels should be computer generated (i.e., 

neat and complete with all appropriate informa-

tion) and not needing additional information to 

be provided by the sampling person. The objective 

of providing containers and labels is to minimize 

errors or other problems that may affect samples, 

or sample mix-ups, erroneous data reporting, sam-

ple confusion in the test area, and so on.

All sample bottles and labels are stored in a 

labeled sample box during the course of the sam-

pling exercise. When samples are being obtained, 

they are stored in the sample box. When all samples 

have been withdrawn and sampling is complete, the 

sample box is sealed with tape and delivered to the 

designated test location. Providing the sample box 

keeps all sampling materials (containers and labels) 

in one location, keeps all samples in one location, 

and facilitates secure transport of all samples to the 

testing laboratory. All samples should remain in 

the sample box at the laboratory to prevent mix-up, 

loss, or other adverse happenings.

PROCESS VALIDATION SAMPLING

PRODUCT:  
LOT #   
VALIDATION #  

UNIT OPERATION:Tablet compressing

SAMPLING:  Withdraw 10 tablets from tablet compressing process at the indicated sample time:

SAMPLE TIME SAMPLE # SAMPLED BY DATE

START OF COMPRESSING  0% #1
Initial tablets

CAN #1 2.5% #2
CAN #2 5% #3
CAN #4 10% #4
CAN #6 15% #5
CAN #8 20% #6
CAN #12 30% #7
CAN #16 40% #8
CAN #20 50% #9
CAN #24 60% #10
CAN #28 70% #11
CAN #32 80% #12
CAN #36 90% #13
CAN #37 92.5% #14
CAN #38 95% #15
CAN #39 97.5% #16

END OF COMPRESSING 100% #17
Final tablets

DELIVER ALL SAMPLES TO TEST LOCATION # ___ 

Digital pictures illustrating sample
withdrawal from compressing
machine at start of compressing
(Sample #1).

Digital picture illustrating sample
withdrawal from top of bulk tablet
storage containers (samples #2-17).

Figure 3: Process validation sampling page—tablet compressing.
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CLEANING VALIDATION 
SAMPLING PAGES
Cleaning validation sampling pages are also high-

ly recommended. These pages contain digital pic-

tures of equipment to be sampled including exact 

locations for sampling. A more detailed discussion 

of cleaning validation sampling pages is planned 

for a future issue of “PQ Forum.”

TRAINING
Implementation of sampling pages requires train-

ing for associated personnel. These include sam-

pling personnel and supervisors, protocol writers 

who prepare sampling pages, and the VAC. Basic 

training in good documentation practices is fun-

damental for all.

Sampling Personnel
Sampling personnel who will use the sampling 

pages must be comfortable with the design and 

content of the pages. They must understand the 

content. Personnel must know that their signature 

and the date is required. A general training on 

use of sampling pages is recommended. A specific 

meeting with sampling personnel and their super-

visors for each sampling activity to be executed is 

also recommended. Carefully withdrawn samples, 

properly labeled, carefully documented, and 

promptly delivered to test locations are the objec-

tives of sampling. Sampling pages must support 

these objectives.

Protocol Writers
Protocol writers who prepare sampling pages 

must also be trained. They must understand the 

objective of these pages. Protocol writers must 

construct documents from the perspective of 

sampling personnel. Protocol writers should be 

encouraged to interact with sampling personnel 

during design of pages to ensure sampling pages 

that will be helpful to the users. Sampling per-

sonnel are the “customers” of these documents—

sampling pages must be designed with the user in 

mind.

Validation Approval Committee 
The VAC will review and approve sampling docu-

ments as part of protocol approval. They should 

insist on sampling pages when sampling plans are 

complex and sampling problems are anticipated.  

The focus of the VAC should also be that sampling 

documents are useful to the sampling personnel. 

The VAC should not approve validation protocols 

containing complex sampling without including 

designated sampling pages to facilitate correct 

sampling.

MANAGEMENT SUPPORT
Senior site management and functional manage-

ment must be openly supportive of good sampling 

and documentation practices and high quality val-

idation documentation. Employees provide what 

management wants. Management must be aware 

of the potential for significant negative conse-

quences of substandard practices. The impressions 

provided by missed samples may significantly and 

negatively influence a regulatory auditor. This 

negative impression may carry over to other areas 

in the site. Site management and functional man-

agement must insist on good practices and must 

show consistent interest if sites are to raise their 

level of performance. Management support must 

be visible and consistent.

DATA PAGES—NEXT PQ FORUM TOPIC
The next “PQ Forum” subject to be discussed is 

“Data Pages.”  Validation managers also recom-

mended data pages during the discussion about 

sampling pages. These pages, which are consistent 

with the sampling pages, contain the associated 

test results. These pages also describe data treat-

ment, provide “past and fail” evaluation, and 

Repeat identical labels for samples #2 - 17.

PROCESS VALIDATION SAMPLING

PRODUCT: PRODUCT X
LOT # XX-XXXX-XX
VALIDATION # XXX-2012
UNIT OPERATION: Compressing

SAMPLE #1 START OF COMPRESSING – 0%
Initial tablets

Figure 4:  Sample labels process validation sampling—compressing.
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other features helpful for ultimate review and 

evaluation of the validation project. An example 

data page is presented in Figure 5.

SUMMARY
Samples are critically important in the execu-

tion of PQ protocols. Missing samples may have 

serious ramifications for the validation exercise 

and for the organization. When sampling require-

ments become complex and have potential for 

errors or omissions, specific and prominent sam-

pling pages are recommended for inclusion in 

the PQ protocol. These pages contain all relevant 

sampling information, list required sample, and 

may include diagrams or photos to support correct 

sampling.  They are designed with consultation 

from the users (i.e., designed with the customer 

in mind). Sampling pages are then used during 

the sampling process. Pre-made labels and appro-

priate containers for samples should be avail-

able at the start of sampling. A storage container 

to contain all labels, materials, and withdrawn 

samples for transport to the test laboratory is also 

recommended.

Validation personnel must anticipate situations 

in which compliance problems may occur. Sam-

pling pages and associated containers, labels, and 

other suggestions discussed should facilitate sam-

pling and improve PQ execution. JVT

PROCESS VALIDATION DATA

PRODUCT: ________________________
LOT # ________________________
VALIDATION # ________________________

UNIT OPERATION: Oven drying  

TEST LOCATION # ____________

TEST METHOD: Procedure XX-XX, approved date __________  

PROTOCOL ACCEPTANCE LIMIT:  All results not more than 2.0%  

SAMPLE # RESULT PASS (circle)

CART #1 TRAY TOP 1 ________ YES NO
CART #1 TRAY MIDDLE 2 ________ YES NO
CART #1 TRAY BOTTOM 3 ________ YES NO
 
CART #2 TRAY TOP 4 ________ YES NO
CART #2 TRAY MIDDLE 5 ________ YES NO
CART #2 TRAY BOTTOM 6 ________ YES NO
 
CART #3 TRAY TOP 7 ________ YES NO
CART #3 TRAY MIDDLE 8 ________ YES NO
CART #3 TRAY BOTTOM 9 ________ YES NO
 
CART #4 TRAY TOP 10 ________ YES NO
CART #4 TRAY MIDDLE 11 ________ YES NO
CART #4 TRAY BOTTOM 12 ________ YES NO

RESULTS RECORDED BY _________ _______ DATE __________

RESULTS VERIFIED BY __________________ DATE __________

Figure 5: Process validation data—oven drying.
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“Validation Case Studies” discusses validation situa-
tions useful to practitioners in validation and compli-
ance.  Each case presented deals with a specific vali-
dation problem, elements of which are described to 
demonstrate strategy to solve validation problems. We 
intend this column to be a useful resource for daily work  
applications.

Reader comments, questions, and suggestions are 
needed to help us fulfill our objective for this col-
umn. Please send your comments and suggestions 
to managing editor Susan Haigney at shaigney@
advanstar.com.

KEY POINTS DISCUSSED
The following key points are discussed:

A validation case study involving a validated 

manufacturing process is described. The process 

met all acceptance criteria, and it was judged to be 

validated.

Products from the manufacturing process had a 

significant level of waste and rejects.  Eventually, 

the defect level became so high that business peo-

ple intervened and requested investigation.

The problem was caused by a major excipient with 

significantly different particle size distribution 

obtained from a new supplier.

US Food and Drug Administration good manu-

facturing practice (GMP) regarding yield requires 

that product be formulated to provide 100% of 

the labeled amount and that actual yields and 

percentages of theoretical yield be determined at 

the conclusion of each appropriate phase of manu-

facturing.  Any unexplained discrepancy must be 

investigated.

Percent of theoretical yield means that all materi-

als assigned to the batch must be quantitatively 

reconciled but does not require a level of accept-

able product.

Meeting GMP requirements—acceptable percent 

of theoretical yield—is an important calculation, 

but is not indicative of a well-controlled manufac-

turing process.

Acceptable product yield provides much more use-

ful information regarding the process than percent 

of theoretical yield.

High levels of rejects or waste demonstrates for-

mulation or process problems that should be 

investigated.

Yield data including acceptable product, rejected 

product, and waste should be monitored in a 

timely manner.

Validation personnel should understand that just 

being compliant with GMP percent theoretical 

yield requirements is not sufficient for good man-

ufacturing process control.

INTRODUCTION
This case study was provided to the 

 by a reader who requested anonymity. The 

circumstances described are an actual occurrence. Sup-

portive information to this case study is available in 

“Global Regulatory Viewpoint:  GMP Yield–Consider-

Should Acceptable Product Yield 
be a Validation Requirement? 
Validation Case Study #6
Paul L. Pluta and Richard Poska

ABOUT THE AUTHOR

Paul L. Pluta, Ph.D., is a pharmaceutical scientist with extensive technical and management ex-
perience in the pharmaceutical industry. He is also adjunct assistant professor at the University of Il-
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ations Beyond Percent Theoretical Yield,” published in 

the  (1).

This validation case study demonstrates that accept-

able product yield is much more useful information 

for evaluating a manufacturing process than required 

GMP yield calculations. Acceptable yield information 

is vital to judgment in process validation.

The following discussion provides:

Process description. Background on manufac-

turing process involved.

Validation event. A description of the event, 

the key issues to be addressed, and applicable 

current good manufacturing practice (CGMP) 

requirements.

Investigations. Interviews, discussion, and 

actions conducted to investigate manufacturing 

and validation issues.

Resolution of manufacturing issues. Solu-

tions to the manufacturing problem identified in 

this case study.

Resolution of validation issues. Solutions to 

the validation issues identified in this case study.

Change control. Review of acceptable product 

yield is valuable in evaluation of changes.

Monitoring acceptable product yield data. 

Review of acceptable product yield data serves in 

post-validation monitoring.

PROCESS DESCRIPTION
The process involved in this validation case study was a 

typical tablet product manufacturing process.  Specific 

process steps involved included the following:

Granulation

The particle size of all formulation ingredients 

was reduced by impact milling

Milled granulation ingredients were wet massed 

with binder solution using a low shear planetary 

granulator

The wet granulation was dried in a fluid bed 

dryer

Dried granulation was sized using an impact 

mill and separator system

Mixing and blending

Milled dry ingredients were mixed with dried 

granulation in a diffusion blender

Unit dosing

Tablets were compressed on a power-assisted 

tablet press

Packaging

Product was packaged in the commercial package.

VALIDATION EVENT BACKGROUND
A small molecule pharmaceutical company conducted 

manufacturing process validation on a new product. 

The product was a sedative product containing 2 mg 

per tablet of active drug. The total tablet weight was 

approximately 100 mg. Three full-scale lots were 

required for process validation. All validation require-

ments were met, and the product manufacturing pro-

cess was judged to be validated.  Two of the three lots 

demonstrated excellent manufacturing performance. 

Processing of the third lot (Table I), however, was not 

as expected. Even though product met acceptance cri-

teria for critical quality attributes, a significant amount 

of set-up waste and rejected product (primarily broken 

tablets) was produced in the third conformance lot. 

Complete yield and sample quantitative data for vali-

dation lots are presented in Table I.

Post Validation Manufacturing
Manufacturing of subsequent lots demonstrated unre-

liable process performance. Some lots demonstrated 

excellent performance, and their yields were consistent 

with lots one and two in the original process validation.  

However, other lots had high levels of waste and rejects 

similar to and even worse than the third conformance 

lot. One lot even approached 50% yield of waste and 

rejected material. Obviously, a problem existed. How-

ever, the manufacturing process was still “officially” 

validated as the product could be sorted to meet specifi-

cations.  Business people concerned with the low yield of 

saleable product were most vocal in requesting investiga-

tion of the problem.

What are the Issues?
The following critical issues needed to be investigated:

 Manufacturing issues

Did manufacturing personnel correctly perform 

the manufacturing process?

Is the manufacturing procedure technically sound 

and robust?

Why was the defect or reject level so high?

What was the cause of the problem?

 Validation issues

How could the manufacturing process be judged to 

be validated when the defect level was so high?

 Should acceptable product yield be a validation 

requirement?

 What else should have been done to validate the 

process?

INVESTIGATION– 
MANUFACTURING ISSUES
Investigation and ultimate resolution of this event 

required involvement of several technical disciplines. 

These included operations personnel involved in the 

manufacturing process, technical support personnel, 

and quality assurance (QA) personnel who monitored 

and inspected the product. There were many details 

that needed to be investigated or confirmed. Personnel 

from all groups were interviewed to address the critical 

issues.
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Manufacturing Personnel Interviews
Manufacturing personnel confirmed that they 

performed all manufacturing unit operations 

as required by procedure and batch record. The 

manufacturing process was typical of several other 

products manufactured at the facility and was not 

unusual. All manufacturing personnel were experi-

enced, trained, and trusted workers.  Manufacturing 

personnel commented that certain lots were not 

adequately granulated, resulting in excessive small 

particle size “fines.”  The high level of fines caused 

extreme difficulty in tablet compressing machine 

setup and in consistent tablet hardness throughout 

the entire batch.

Technical Personnel Evaluation
Technical personnel commented that all develop-

ment experience with this formulation and process 

were excellent. There were never any problems with 

processing, and there were essentially no defects 

throughout the development program. The dif-

ficulty experienced by manufacturing in the third 

conformance lot was completely unexpected. The 

product in question was one of several products 

with very similar formulations, and all were good-

running products.

Manufacturing Materials Evaluation
Technical personnel investigated the incoming 

materials used in the manufacture of the problem 

lots.  Manufacture of problem lots was associated 

with an individual inactive excipient from a spe-

cific vendor. This vendor was an approved supplier 

with good quality history. However, the raw mate-

rial supplied was the first lot of this material to be 

obtained from this supplier. This material com-

prised nearly 85% of the product formulation. The 

problem material had a significantly smaller par-

ticle size distribution but was within the material 

specifications. Granulation of the problem material 

resulted in a much smaller granulation particle size 

distribution with excessive fines. All process devel-

opment lots and acceptable commercial lots were 

manufactured with raw material excipient (same 

chemical composition) from a different vendor with 

a much larger particle size.

Resolution of Manufacturing  
Problems
Identification of small particle size excipient from 

a specific individual vendor as the causative fac-

tor in problem lots enabled rapid resolution of the 

manufacturing problem. Remaining small particle 

size material from this vendor was quarantined and 

restricted from further use. An additional, more 

restrictive particle size requirement for incoming 

material was instituted. Larger particle size material 

(which met the new specification) was used for all 

future manufacturing of the new product. Manu-

facturing personnel confirmed the acceptability of 

the granulation process and that no problems were 

experienced in compressing when large particle 

size excipient was used. Subsequent manufactur-

ing experience to date (many lots) has indicated no 

manufacturing problems with this product.

INVESTIGATION–VALIDATION ISSUES
Despite the unreliable manufacturing performance 

demonstrated with the new product, this product 

was deemed to be validated. The following ques-

tions associated with validation were addressed.

How Could the Manufacturing  
Process be Judged to be Validated  
When the Defect Level Was So High?
Validation personnel commented that acceptable 

product yield data were not part of process valida-

tion requirements. Test requirements for process 

validation focused on product regulatory (release) 

specifications and other quality attributes rec-

ommended by the technical group. QA required 

compliance with FDA GMP yield regulations that 

emphasized reconciliation of process materials. 

FDA GMP regulations associated with yield are pre-

sented in the Appendix. These regulations require 

material accountability, but do not require a specific 

level of acceptable product to be manufactured. 

FDA GMP yield requirements were not part of pro-

cess validation requirements. Because acceptable 

product yield was not a validation requirement and 

all other validation requirements were met, the 

product manufacturing process was judged to be 

successfully validated.

Should Acceptable Product  
Yield Be A Validation Requirement?
As stated in §211.188, FDA GMP yield regula-

tions require a statement of the actual yield and 

a statement of the percentage of theoretical yield 

at appropriate phases of processing. This means 

that all materials assigned to the batch must be 

quantitatively reconciled. The amount of materi-

als assigned to the batch must be compared to the 

amount of product or intermediate after appropri-

ate process steps, and to product at the end of the 

entire manufacturing process. Acceptable product, 

rejected product, waste, samples, and other mate-

rial accountability are quantitatively measured and 

compared to the total material weight assigned to 

the batch.

The following example (Table II) for a lot of 

1000 kg theoretical batch size of tablet product at 
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the conclusion of the bulk manufacturing process 

(before commercial unit packaging) demonstrates 

the percent of theoretical yield calculation

Lot A in Table II illustrates that 1000 kg of 

manufacturing materials yielded 1000 kg total 

weight of final product and associated materials. 

The combined total weights of acceptable product, 

rejected product, waste, test samples, and other 

materials equaled 1000.0 kg for the lot. The final 

reconciliation of materials indicated that 100.0% 

of manufacturing materials were recovered.  

Requirements for the percent of theoretical yield 

should be based on historical data and generally 

should be in the range of 95.0-105.0% of theory.

The above example demonstrates good mate-

rial control and recovery of the various categories 

of materials during the manufacturing process. 

However, good material recovery is not necessarily 

indicative of a well-controlled or successful manu-

facturing process.

Acceptable product yield.  The yield of accept-

able product in a batch is important data that should 

be evaluated in addition to the percent theoretical 

yield. The yield of acceptable product is obviously 

important for business purposes. Apart from busi-

ness concerns however, the yield of acceptable prod-

uct is a general indicator of a well-controlled process. 

A GMP-compliant process (i.e., a process meeting 

GMP theoretical yield requirements) will not truly 

demonstrate good process control when problems 

arise and investigations are appropriate. The yield of 

acceptable product is a much better indicator of good 

processing than GMP percent of theoretical yield.

Consider the following examples presented in 

Table III.

Lot B in Table III demonstrates an acceptable 

manufacturing process. Acceptable product yields 

above 98% were expected and achieved. Rejected 

product yields were minimal (less than 0.5%).  

Waste due to machine set-up was also minimal 

(approximately 1.0%). The manufacturing area has 

good material control as demonstrated by percent 

of theoretical yields at 100.0%. However, looking 

only at theoretical yield as required by GMP does 

not truly indicate acceptable process performance.

Acceptable product and rejected product.  Lot 

C demonstrates significantly lower acceptable product 

yield compared to Lot B. Lot B serves as representative 

standard for expected manufacturing performance. 

Both lots have 100.0% GMP percent of theoretical yield.

Lot C yielded 68.8% acceptable product, 30.2% 

rejected product, and 1.0% waste. Rejected product 

might have been broken or chipped tablets that were 

not acceptable for commercial product distribution. 

These defects could have been caused by a multitude 

of reasons including variation in incoming materials, 

manufacturing process variation in unit operations prior 

to compaction, insufficient compaction pressure, and 

many others. A large amount of rejected product is obvi-

ously of concern in manufacturing, both for business 

and process control reasons.

There is a significant difference between lot C and the 

lot B standard. Lot C should be investigated.  The GMP 

percent of theoretical yield for both lots was 100.0%. 

Monitoring only the GMP percent theoretical yield for 

these lots would not highlight the significant difference 

between the lots or alert responsible individuals to the 

need for investigation.

Acceptable product and waste. Lot D demon-

strates significantly lower acceptable product yield 

compared to Lot B. Lot B yield data again serve as repre-

sentative standard for product expected manufacturing 

performance. Both lots have 100.0% GMP percent of 

theoretical yield.

Lot D yielded 74.3% acceptable product, 0.2% reject-

ed product, and 25.5% waste. The high level of waste 

might have been caused by difficulty in machine setup. 

For example, granulation flow problems may have 

caused difficulty in setting the target tablet weight. Or 

variable moisture content might have caused sticking to 

the tablet punches. A high level of waste is of great con-

cern in manufacturing.

Table I:  Product X process validation 
conformance lot data.

Manufacturing Yield Data

# LOT 1 2 3

1 GMP theoretical yield kg 2000.0 2000.0 2000.0

2 Acceptable product kg 1972.0 1970.0 1592.0

3 Rejected product kg 0.0 0.0 220.0

4 Waste and set-up kg 20.0 22.0 170.0

5 Actual manufacturing 

subtotal kg (2+3+4)

1992.0 1992.0 1982.0

6 Test samples kg 1.0 1.0 1.0

7 Retain samples kg 2.0 2.0 2.0

8 Other dispersements kg 5.0 5.0 15.0

9 Material dispersed 

subtotal kg (6+7+8)

8.0 8.0 18.0

10 GMP material total kg 

(5 + 9)

2000.0 2000.0 2000.0

11 GMP theoretical yield % 

(9/1)

100.0% 100.0% 100.0%

12 Acceptable product % 

(2/1)

98.6% 98.5% 79.6%

13 Rejected product % 

(3/1)

0.0% 0.0% 11.0%

14 Waste % 

(4/1)

1.0% 1.1% 8.5%

15 Acceptable product to  

packaging kg (2)

1972.0 1970.0 1592.0
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There is obviously a significant difference between lot 

D and the lot B standard. The process for lot D should be 

investigated. The percent of theoretical yield for the two 

lots was the same. Monitoring only the percent theoreti-

cal yield for these lots would not indicate the significant 

difference between the two lots or alert responsible indi-

viduals to this occurrence.

What Else Should Have Been Done  
to Validate the Process?
Another area of process validation that is often over-

looked but is highlighted in this case study was the 

evaluation of all sources of critical raw materials. In this 

process validation, there was no expectation that mul-

tiple sources of inactive excipient would be used in man-

ufacturing. The technical personnel had not explored a 

design space that included small particle size excipient 

material.  All development work was conducted with 

large particle size excipient. When process validation 

was initiated, two conformance lots inadvertently used 

large particle size material and one conformance lot 

inadvertently used small particle size material. The 

problem lot in validation was caused by the use of small 

particle size material. The understanding of the effects 

of particle size should have been explored, which would 

have yielded a meaningful excipient specification. This 

comparison should have been a proactive part of the 

development process leading to process validation.

Resolution of Validation Issues
Two changes to the site validation policy were imple-

mented as a result of this validation event.

Acceptable product yield. Future process valida-

tion included a requirement for acceptable product 

yield. For new products, this requirement was based on 

best estimates of acceptable product yield.  For changes 

to existing products, this requirement was based on his-

torical data. In most cases, the requirement for accept-

able product was above 95%. This requirement then 

prevented lots with lower acceptable product yield from 

passing validation without investigation.

Use of significant materials in conformance 

lots. Future process validation also included a require-

ment to compile a listing of approved vendors for all 

formulation ingredients. From this listing, high-risk 

ingredients (i.e., those ingredients with high likelihood 

of causing manufacturing problems) were to be utilized 

in at least one validation conformance lot. Manufactur-

ing performance with these materials is then evaluated 

in the process validation. This requirement is consistent 

with FDA recommendations in the process validation 

guidance (2) to identify potential sources of variation 

and develop an appropriate control strategy.

CHANGE CONTROL
Process changes are inevitable. Changes that are det-

rimental to the process will not likely be detected by 

atypical GMP percent of theoretical yield. Changes 

should be evaluated based on their effect on acceptable 

product yield in addition to the release specifications. 

Process changes should have a positive effect on the 

acceptable product yield or on reducing variation in 

acceptable product.  The GMP percent of theoretical 

yield will likely be equivalent for processes before and 

after the desired change. Monitoring only the GMP 

percent theoretical yield for lots with process changes 

will not indicate the significant differences between the 

two lots or alert responsible individuals to significant 

changes in acceptable product yield.

MONITORING YIELD DATA
Yield data, including yields of acceptable product, reject-

ed product, and waste, should be routinely monitored. 

Reviews should begin during development to develop 

a product history. Reviews should continue post valida-

tion during commercial manufacturing. Monitoring 

these yields will provide far more useful information 

than GMP percent of theoretical yield data and can 

also be used as a measurement of process robustness. 

Modern monitoring analysis techniques such as control 

charting (3,4) should be used. Products that are moni-

tored, both in selection of products and frequency of 

review, should be based on risk analysis when resources 

limit the available monitoring effort.  Monitoring 

should also be timely—reviewing yield data on an 

annual basis is not sufficient. The objective of monitor-

ing is to identify trends and anticipate problems. Using 

control-charting techniques will enable high-level pro-

cess characterization. It will help to evaluate the effect 

of process changes.  Gross unstable or special cause 

variation will be obvious and will prompt investigation. 

Predictability of process performance should ultimately 

lead to process improvements.

CONCLUSIONS
This case study clearly demonstrates the usefulness of 

acceptable product yield as a requirement in process vali-

Table II:  Percent of theoretical yield.
Lot A

Acceptable product 835.0 kg

Rejected product 2.0 kg

Waste 10.0 kg

Test samples 1.0 kg

Retain samples 2.0 kg

Material transferred to R&D 50.0 kg

Other material transfers 100.0 kg

Total 1000.0 kg

Theoretical yield 1000.0 kg

Percent of theoretical yield 100.0%



PROCESS VALIDATION – Process Qualification 91

Paul L. Pluta and Richard PoskaPaul L. Pluta and Richard Poska

dation. GMP requirements addressing manufacturing 

yield are minimal. While GMP requirements are extreme-

ly important and address lot integrity, they provide very 

little in terms of process understanding. Validation and 

compliance personnel should not be satisfied that their 

manufacturing processes reliably deliver ~100% of GMP 

theoretical yield. Monitoring acceptable product yield, 

rejected product yield, and product waste are useful batch 

attributes regarding process understanding.

Just being compliant with GMP yield requirements is 

not sufficient for process validation.
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APPENDIX 
FDA GMP YIELD REGULATIONS

Subpart F—Production and Process Controls 
§211.101, Charge-in of components
Written production and control procedures shall 

include the following, which are designed to assure 

that the drug products produced have the identity, 

strength, quality, and purity they purport or are 

represented to possess:

(a) The batch shall be formulated with the intent to 

provide not less than 100 percent of the labeled 

or established amount of active ingredient.

(b) Components for drug product manufacturing 

shall be weighted, measured, or subdivided as 

appropriate.  If a component is removed from the 

original container to another, the new container 

shall be identified with the following information:

(1) Component name or item code;

(2) Receiving or control number;

(3) Weight of measure in new container;

(4) Batch for which component was dispensed, 

including its product name, strength, and lot 

number.

(c) Weighing, measuring, or subdividing operations 

for components shall be adequately supervised.  

Each container or component dispensed to manu-

facturing shall be examined by a second person 

to assure that:

(1) The component was released by the quality 

control unit;

(2) The weight or measure is correct as stated in 

the batch production records;

(3) The containers are properly identified.

(d) Each component shall be added to the batch by 

one person and verified by a second person.

§211.103, Calculation of yield
Actual yields and percentages of theoretical yield 

shall be determined at the conclusion of each 

Table III: Example data–acceptable, reject, and waste material.
Lot B Lot C Lot D

1. GMP manufacturing theoretical yield 1000.0 kg 1000.0 kg 1000.0 kg

2. Acceptable product 985.0 kg 685.0 kg 740.0 kg

3. Rejected product 2.0 kg 302.0 kg 2.0 kg

4. Waste 10.0 kg 10.0 kg 255.0 kg

5. Actual manufacturing subtotal (2+3+4) 997.0 kg 997.0 kg 997.0 kg

Material dispersed post manufacturing

6. Test samples 1.0 kg 1.0 kg 1.0 kg

7. Retain samples 2.0 kg 2.0 kg 2.0 kg

8. Other dispersements

9. Material dispersed subtotal (6+7+8) 3.0 kg 3.0 kg 3.0 kg

10. GMP material total (5+9) 1000.0 kg 1000.0 kg 1000.0 kg

11. GMP theoretical yield % (9/1) 100.0% 100.0% 100.0%

12. Acceptable product % (2/1) 98.5% 68.5% 74.0%

13. Rejected product % (3/1) 0.2% 30.2% 0.2%

14. Waste % (4/1) 1.0% 1.0% 25.5%

15. Acceptable product to packaging (2) 985.0 kg 688.0 kg 748.0 kg
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appropriate phase of manufacturing, processing, 

packaging, or holding of the drug product.  Such 

calculations shall be performed by one person and 

independently verified by a second person.

Subpart J—Records and Reports 
§211.186, Master production and control 
records

(a)  To assure uniformity from batch to batch, mas-

ter production and control records for each drug 

product, including each batch size thereof, shall 

be prepared, dated, and sighed (full signature, 

handwritten) by one person and independently 

checked, dated, and signed by a second person.  

The preparation of master production and control 

records shall be described in a written procedure 

and such written procedure shall be followed.

(b) Master production and control records shall 

include:

(1) The name and strength of the product and a 

description of the dosage form;

(2) The name and weight of measure of each active 

ingredient per dosage unit or per unit of weight 

or measure of the drug product, and a state-

ment of the total weight or measure of any 

dosage unit;

(3) A complete list of components designated by 

names or codes sufficiently specific to indicate 

any special quality characteristic;

(4) An accurate statement of the weight or mea-

sure of each component, using the same weight 

system (metric, avoirdupois, or apothecary) 

for each component.  Reasonable variations 

may be permitted, however, in the amount 

of components necessary for the preparation 

in the dosage form, provided they are justi-

fied in the master production and control  

records;

(5) A statement concerning any calculated excess 

of component;

(6) A statement of theoretical weight or measure 

at appropriate phases of processing;

(7) A statement of theoretical yield, including 

the maximum and minimum percentages of 

theoretical yield beyond which investigation 

according to §211.192 is required;

(8) A description of the drug product containers, 

closures, and packaging materials, including 

a specimen or copy of each label and all other 

labeling signed and dated by the person or per-

sons responsible for approval of such labeling;

(9) Complete manufacturing and control instruc-

tions, sampling and testing procedures, speci-

fications, special notations, and precautions to 

be followed.

§211.188, Batch production and control 
records

Batch production and control records shall be 

prepared for

(a) An accurate reproduction of the appropriate master 

product or control records, checked for accuracy, 

dated, and signed;

(b) Documentation that each significant step in the 

manufacture, processing, packing, or holding of 

the batch was accomplished, including

(1) Dates;

(2)  Identity of individual major equipment and 

lines used;

(3)  Specific identification of each batch of com-

ponent or in-process material used;

(4)  Weights and measures of components used 

in the course of processing;

(5) In-process and laboratory control results;

(6)  Inspection of the packaging and labeling area 

before and after use;

(7)  A statement of the actual yield and a state-

ment of the percentage of theoretical yield 

at appropriate phases of processing;

(8)  Complete labeling control records, including 

specimens or copies of all labeling used;

(9)  Description of drug product containers and 

closures;

(10) Any sampling performed;

(11)  Identification of the persons performing and 

directly supervising or checking each signifi-

cant step in the operation;

(12)  Any investigation made according to 

§211.192.

(13)  Results of examinations made in accordance 

with §211.134.

§211.192, Production record review
All drug product production and control records, 

including those for packaging and labeling, shall 

be reviewed and approved by the quality control 

unit to determine compliance with all established, 

approved written procedures before a batch is 

released or distributed.  Any unexplained discrep-

ancy (including a percentage of theoretical yield 

exceeding the maximum or minimum percent-

ages established in master production and control 

records) or the failure of a batch or any of its com-

ponents to meet any of its specifications shall be 

thoroughly investigated, whether or not the batch 

has already been distributed.  The investigation 

shall extend to other batches of the same drug prod-

uct and other drug products that may have been 

associated with the specific failure or discrepancy.  

A written record of the investigation shall be made 

and shall include the conclusions and follow up.
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ABSTRACT
This paper discusses statistical tools that can be 

used to analyze process validation data. It covers 

descriptive statistics, control charts, process capa-

bility, and tolerance intervals. The requirement 

for statistical analysis is driven by the US Food 

and Drug Administration’s  Guidance for Industry 

which emphasizes that the process validation data 

should be statically analyzed in order to gain full 

understanding of the manufacturing process and its 

variation. The objective of the paper is to provide an 

overview of statistical tools available and show how 

these tools can be used with specific examples that 

are applicable to the pharmaceutical drug process 

qualification.

INTRODUCTION
Process validation is a method of providing docu-

mented evidence that a process will consistently 

produce a product that meets pre-determined speci-

fications and quality attributes. Process validation 

is a requirement of the Current Good Manufacturing 
Practice Regulations for Finished Pharmaceuticals, 21 

CFR Parts 210 and 211 (1). Several US Food and 

Drug Administration guidelines outline principles 

of process validation.  

The FDA

General Principles and Practices outlines that process 

validation consists of three stages: process design, 

process qualification, and continued process veri-

fication (2). In the first stage, the manufacturing 

process is developed through the knowledge gained 

during development activities. In the second stage, 

this process is tested and evaluated to determine if 

it is capable and reproducible. In the third stage, the 

process is monitored to verify it remains in a state 

of control. In other words, in process qualification 

process data are collected and evaluated to establish 

scientific evidence that a process is capable of con-

sistently delivering product quality. The evaluation 

of process capability consists of studying process 

variation of product attributes. Even though this 

guidance emphasizes importance of statistical 

analysis, it does not discuss specific statistical tools 

that can be used to analyze data. It is up to pharma-

ceutical companies to decide what statistical tools 

to utilize to meet the guidance requirement.  

The medical device industry follows the Quality 
 to 

analyze data for process qualification (3). This doc-

ument contains a primer on statistics and process 

validation. It gives some examples applicable to the 

medical device industry. Pharmaceutical industry 

validation practitioners can use the same recom-

mended statistical tools for process qualification.

The process validation guidance recommends 

“a statistician or person with adequate training in 

statistical process control techniques develop the 

data collection plan and statistical methods and 

procedures used in measuring and evaluating pro-

cess stability and process capability” (2). Not every 

pharmaceutical company has a statistician on staff; 

having a person with a Certified Quality Engineer 
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(CQE) certificate or equivalent background can 

be enough to fulfill this requirement. Data analy-

sis complexity differs from process design stage 

to process qualification and monitoring. During 

the process design, the behavior of the process is 

unknown and requires the use of design of experi-

ments, regression analysis, or other statistical tools. 

During the process qualification, the manufactur-

ing process is verified for stability and capability to 

ensure it can consistently perform. The process is 

monitored after it goes for routine production. At 

these two last stages, a complex statistical analysis is 

not required.  

The intent of this paper is to provide a brief over-

view of statistical tools commonly used to analyze 

process qualification data and to demonstrate how 

these tools are utilized in process validation data 

analysis. The scope of this paper is limited to stage 

two, process qualification.  Statistical tools used for 

process design and continued process verification 

will not be discussed in this paper.

As mentioned previously, the two main goals of 

data analysis for process validations are: to dem-

onstrate the understanding of the process variation 

and to demonstrate that the process control plan 

works (i.e., that the process consistently conforms 

to requirements). This can be achieved by perform-

ing a capability study that measures the ability of 

the process to consistently meet the specifications.

DESCRIPTIVE STATISTICS
Descriptive statistics or summary statistics are used 

to summarize a collection of data. Because a process 

validation is a collection of data, it must be presented 

in the report in a meaningful way that provides an 

understanding of the examined process. Descriptive 

statistics is used to demonstrate that the manufacturer 

measures critical to quality attributes and understands 

degree of variation. Descriptive statistics includes aver-

age, range, standard deviation, and relative standard 

deviation (RSD), which are widely used to analyze 

data for process validation.  

The average or the mean is a measure of the center 

of a distribution. It is the sum of all observations 

divided by the number of observations, as seen in 

Equation 1:

x
n

X1 + X2 + X3 + .....=
 

[Equation 1]

The range is the difference between maximum 

and minimum value in the data set. Range is help-

ful when comparing data to specifications, especial-

ly for large sample sizes. Also, range can be used in 

constructing process control charts, which will be 

discussed in this paper. For a more exact compari-

son, use tolerance intervals as furthur discussed.

The standard deviation is calculated using the fol-

lowing formula in Equation 2:

standard deviation,s
(X1 – x )2 + (X2 – x )2 + (X3 – x )2 + ....

=
– – –

n – 1  

[Equation 2]

A smaller standard deviation represents data where 

the results are close in value to the mean.  The larger 

the standard deviation, the more variability is in the 

results. Note that the variance is the standard devia-

tion squared. Data points in a normal distribution 

(Figure 1) are more likely to fall closer to the mean. 

In theory, 68% of all data points will be within ±1*s 

from the mean, 95% of all data points will be within 

±2*s, and 99.7% of all data points will be within ±3*s. 

In practice, we use the tolerance interval as below.

For a comparison of variation between samples 

with different averages or different units of mea-

surement, divide the standard deviation by the aver-

age and multiply by 100 to give the variability as a 

percent of the average.

This quantity is called the coefficient of variation, 

or RSD, and can be used to compare methods that 

give different units (e.g., g versus mg). 

The descriptive statistics is a minimum that 

should be included in any process validation report 

for data analysis. The most common applications 

of descriptive statistics are blend uniformity, con-

tent uniformity results, and compression physical 

parameters such as weight, hardness, and thickness. 

Example One
Blend uniformity was performed for three batches using 

samples from 10 different tote locations and results were 

statistically analyzed using descriptive statistics. Blend 

uniformity range, average, and RSD results were com-

pared against specifications (see Tables I and II).

Figure 1: Normal distribution curve.
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All batches met the acceptance criteria for blend 

uniformity of 90.0-110.0% of label claim and RSD 

≤5.0%.  RSDs are compared to ensure that the RSDs 

are similar and within the official limits. Note that 

the units of measurement (% of Label Claim) for all 

three batches are identical; therefore, the standard 

deviation results are very close to the RSD values. 

There is no need to subject the data to a rigorous 

statistical test.

VERIFICATION OF PROCESS STABILITY
Process stability can be demonstrated using con-

trol charts. Statistical process control (SPC) charts 

are used to detect process variation. The principle 

of SPC analysis is to understand the process and 

detect the process change. The SPC charts can show 

if the process is in statistical control, which means 

the process variation is random and is not influ-

enced by special circumstances. Process variation 

can be classified into two groups: common and 

special. The common causes of variation are usu-

ally not controllable by process operators. Exam-

ples of common variation include variation within 

equipment, formulation, temperature, and humid-

ity. For instance, during compression process, the 

tablet press is set up at a certain target to produce 

tablets with weight, hardness, and thickness that 

meet established specifications. Not all tablets 

produced will have the same weight, hardness, 

and thickness. This is due to factors that formula-

tion may not be as uniform as it feeds to the tablet 

press, the variation of compression force, and fill-

ing in the die. To monitor and control compression 

process, the tablet press operator will perform in-

process checks (IPCs) at certain intervals. During 

the IPC checks, tablet weight, hardness, and thick-

ness are measured. Tablets are measured and mean 

and standard deviation of this subgroup (sample) 

are calculated and plotted on the control chart. 

The operator not only ensures that all tablets in 

the sample meet the established specifications, but 

also examines the charts for trends to make adjust-

ments before the process goes out of statistical con-

trol. Examples of special causes of variation include 

unusual events such as tool wear, accumulation of 

powder on the tablet press in compression, varia-

tion of formulation, and broken equipment. The 

operator will make adjustments to the tablet press 

or take appropriate troubleshooting actions as a 

special variation is detected on the control chart.

Control charts are classified into attribute and 

variable control charts. Variable control charts are 

used for measurement data, and attribute control 

charts are used for count data. The variable control 

charts are classified further into Xbar&S charts 

(mean and standard deviation) and Xbar&R (mean 

and range) charts. The choice between Xbar&S and 

Xbar&R depends on the sample size. Typically, for 

samples consisting of 10 or more measurements, 

Xbar&S chart is used.  The attributes charts will not 

be discussed in this paper because data for process 

validation are variable. 

Control limits are calculated based on data from 

the process. Formulas for control limits depend on 

the type of the control chart. Statistical software, such 

as Minitab, can be used to construct control charts. 

Example Two
Tablet hardness results for the validation batch were 

analyzed using an SPC Xbar-S chart (see Figure 3). 

The hardness specification was 16-23 scu. 

The Xbar-S chart indicated that the process was 

in statistical control; all hardness average values (10 

tablets per IPC) were within the lower and upper 

control limits. The standard deviation was also 

within the lower and upper control limits. There-

Table I: Statistical summary for blend uniformity results.
Minitab Output:

Descriptive Statistics: Batch 1, Batch 2, Batch 3 

Variable Mean StDev CoefVar Minimum Maximum

Batch 1 101.00 1.83 1.81 98.00 104.00

Batch 2 100.40 1.78 1.77 97.00 103.00

Batch 3 100.80 2.25 2.23 97.00 104.00

Table II: Blend uniformity for three 
batches using samples from 10 differ-
ent tote locations.

Tote  

Location Batch 1 Batch 2 Batch 3

1 101 100 102

2 98 99 104

3 99 101 99

4 100 103 97

5 103 97 101

6 102 102 100

7 101 100 102

8 100 101 98

9 102 102 103

10 104 99 102
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fore, the tablet compression process was considered 

in statistical control and process stability has been 

demonstrated.

VERIFICATION OF PROCESS CAPABILITY
Process capability helps to answer the following 

questions: is the process capable of consistently 

delivering quality products and is the process 

design confirmed as being capable of reproducible 

commercial manufacturing? If a process is not capa-

ble of meeting the required specifications, it cannot 

produce quality products.

Process capability allows quantifying how well 

a process can produce acceptable product. Process 

capability indices measure the degree to which the 

process produces output that meets the product’s 

specification. In other words, process capability 

measures how much variation is in the process com-

paring to the specifications. 

Short-term (Cp and Cpk) or long-term (Pp and 

Ppk) process capability are commonly used to 

evaluate process performance. Cpk attempts to 

answer the question “does my current production 

sample meet specification?” while Ppk attempts to 

answer the question “does my process in the long 

run meet specification?” Process capability evalu-

ation can only be done after the process is brought 

into statistical control. The reason is simple: Cpk is 

a prediction, and one can only predict something 

that is stable. A process output is considered stable 

when it consists of only common cause variation 

(e.g., basic elements of a process: material, operator, 

machine).  Assignable causes (or special) causes of 

variation are causes that are unplanned and not part 

of the process such as a broken machine. The pres-

ence of special causes makes capability evaluation 

meaningless. In order to determine if the process is 

stable, control charts should be used.

It is recommended to compute two families of 

capability statistics and to never use members from 

just a single family. That’s why a default setting in 

Minitab is to display both a C family and a P family 

of indices. If the process is stable, only one family 

can be used because the estimates of process varia-

tion used in the C set and P set will be very close in 

value. As more and more special causes enter into 

the process, the C and P families will differ.

Cp is a process capability index that indicates 

the potential process performance by relating the 

natural process spread to the specification. Cpk is a 

process capability index that indicates the process 

performance by accounting for a shift in the mean 

of the process toward either the upper or lower 

specification limit.  

The Cp and Cpk indices are calculated using 

Upper Specification Limit (USL), Lower Specifica-

tion Limit (LSL), μ process average, and s = standard 

deviation, as follows in equations 3-6:
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Cp USL – LSL
6s

=
 

[Equation 3]

Cpk min (Cpu,CPL)=  [Equation 4]

CPu
USL – μ

3s
=

 
[Equation 5]

CPL
μ – LSL

3s
=

 
[Equation 6]

Too much variation (Cpk<1.0) means it will not 

produce product to meet established specifications. 

Moderate variation (1.0<Cpk >1.2) indicates that 

most output meets specifications and little variation 

(Cpk>1.3) means the output meets specifications. 

The indices for process capability discussed are 

based on the assumption that the underlying pro-

cess distribution is approximately bell-shaped or 

normal.   

If the data are not normally distributed, they may 

be transformed. Various statistical software packages 

such as Minitab have an option to perform process 

capability analysis for non-normally distributed data.

At a minimum, 50 individual values or 25 sub-

groups for sub-grouped data are required to calcu-

late process capability; and 100 individual values 

provide a stronger basis for the assessment.

Process capability indices are often used in vali-

dation studies to demonstrate process or machine 

capabilities. For example, process capability can be 

calculated for a particular product compressed on the 

tablet press. 

Example Three 
Product was compressed and 10 tablets were mea-

sured for hardness during the in-process checks. A 

total of 100 tablets were measured. The individual 

tablet hardness specification is 16-23 scu.  In order 

to understand if the current compression process is 

able to meet these specifications, process capability 

was calculated.

Minitab was used to obtain a graphical summary 

of descriptive statistics. Based on p-value of 0.564 

(>0.05), the distribution was normal. Xbar and S 

chart showed no points outside the statistical con-

trol limits, indicating that the process is stable and 

in statistical control (see Figure 4).

Because there are no special causes of variation, 

Cp/Cpk values are identical to Pp/Ppk. Cp/Pp of 

1.73 and Cpk/Ppk of 1.68 indicate that the com-

pression process is capable of meeting the required 

hardness specifications of 16-23 scu. 

Caution
Process capability calculations are often performed 

incorrectly. If data are not normally distributed, or 

process is unstable, capability indices using above 

formulas do not make much sense. In addition, pro-
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cess capability should not be based on a very small 

sample.  

Control charts and process capability indices are 

not exact but are rough rules of thumb and should 

not be used to make important decisions. If con-

trol charts are out of statistical control or if process 

capability indices are less than one, then a more 

detailed and formal statistical analysis must be per-

formed on all relevant data.

CONFIDENCE AND  
TOLERANCE INTERVALS
During the process validation, a decision about 

the batch is based on a relative small sample taken 

because it is not realistic to test the entire batch. As 

a result, parameter estimates obtained from these 

samples will represent results for the entire batch. 

To ensure that the data are representative of the 

batch, confidence and tolerance intervals can be 

used to predict the true mean and variance.

A confidence interval is an interval within which 

it is believed the true mean lies, and a tolerance 

interval is an interval within which it is believed 

the individual values lie. In order to estimate con-

fidence and tolerance intervals, we need to know 

the sample size, sample mean, and sample standard 

deviation, level of confidence, and percentage of 

population coverage, as seen in equations 7 and 8, 

Confidence Interval:

–CI = X t*s–
N
–±

 
[Equation 7]

where ¯X is sample mean, s is sample standard 

deviation, N is the sample size, and t value is 

obtained from t-distribution tables based on the 

level of confidence. Note the value of t should cor-

respond to N-1.

Tolerance Interval:

TI = X k*s
–±  [Equation 8]

where X
–

 is sample mean, s is sample standard 

deviation, N is the sample size, and k value is 

obtained from factors for two-sided tolerance limits 

for normal distributions table (4-6). 

Because it is impossible to test all the critical 

process attributes of the process, confidence inter-

vals and tolerance intervals can be used to make an 

assumption about the validation batch. 

Example Four 
A batch of tablets was tested for content uniformity. 

The mean value of 10 tablets tested was 99.1% and a 

standard deviation was 2.6%.    

N=10, mean=99.1, s =2.6.  

TI = X
–

 ± k*s 

k =7.129 for N=10, probability of 99% covering 

99% of data

TI =99.1±5.594*(2.6) =84.6 to 113.6

The confidence interval for the mean is calculated 

as shown below:

–CI=X 99.1 99.4 to 101.8t*s–
–± ±

N
–

3.25*2.6= =
10
–

 

[Equation 9]

Then we can say that we are 99% certain that 

99% of the tablet content uniformity lies between 

84.6 and 113.6%, and we are 99% certain that the 

true batch mean will be between 99.4 and 101.8.  

PURPOSE OF RECOMMENDED  
STATISTICAL TOOLS
The statistical tools discussed can help to address 

some of the following questions asked by regulatory 

bodies:

quality products? 

variation?

degree of variation?

SUMMARY
There is increased awareness among regulatory 

agencies about the importance of statistical analy-

sis.  Not only are process validation data required 

to meet the established specifications, but data 

must be analyzed to demonstrate process stability 

and capability. One important point to consider is 

that statistical methods should be used for under-

standing data only. The statistics used should be 

meaningful. If statistical tools are used, a person 

who does statistical analysis should have a good 

understanding of statistics, and validation report 

approvers should be able to explain what these sta-

tistics mean.  
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ARTICLE ACRONYM LISTING
CFR Code of Federal Regulations
CI Confidence Interval
CQE Certified Quality Engineer
CV Coefficient of Variation
GMP Good Manufacturing Practices
IPC In-process Control Checks
LCL Lower Control Limit
RSD Relative Standard Deviation
SPC Statistical Process Control
TI Tolerance Interval
UCL Upper Control Limit






