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Abstract There is currently no universal or standardized
quality system for the recognition of excellence of a
research center. Knowledge and competence may not be
enough in the current rapidly changing world in which high
productivity and continuous improvement are essential.
The purpose of this study was to assess the impacts of
implementing the ISO9001:2000:2000 standard in an aca-
demic research center dedicated to R+D+I1 (research,
development and innovation) in the pharmaceutical
industry. The article describes the stages we followed to
implement the ISO9001:2000 system, which was achieved
by integrating it into the previous regulatory system of
GMP (Good Manufacturing Practices). As a result of
implementing ISO9001:2000, the center has seen distinct
improvements, such as fewer errors in project documen-
tation, improved assessment of customer satisfaction, and
the effective implementation of periodic plans, e.g., in
calibration, preventive maintenance, and investments.
Overall, ISO9001:2000 implementation has been beneficial
for the organization and could be applied to other research
centers.
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Introduction

The critical factors that determine economic growth,
prestige, and competitiveness in a research center are
technical-scientific competence, technological develop-
ment, and innovation. These factors are essential for the
survival of an academic pilot plant when faced with the
challenges of an increasingly globalized marketplace.
There have been many calls for the accreditation of
research activities [1-3]. In academia, however, quality
management is a neglected topic [4] that is sometimes
considered an obstacle to progress [5, 6]. Nevertheless,
quality systems are mandatory for the development and
manufacture of pharmaceuticals and other related sub-
stances. As a result, specific quality management systems
have been developed [7, 8].

The implementation of quality management standards in
medical research laboratories [9] would ensure the quality
and integrity of data and of products and devices, while
establishing mutual confidence among all the parties con-
cerned [8]. Nevertheless, an individual quality assurance
program for each system would be difficult to manage [10—
13] so most centers choose ISO9001:2000 [14—-16] due to its
universal application. Spain has developed a standard for
the certification of R+D+I management systems (UNE
166.000). Its main goal is to develop European standards to
facilitate quality certification that recognizes excellence in
management within a research center. The implementation
of effective problem-solving strategies during project
development should result in various improvements. For
example, it should reduce the risk of inconclusive results,
improve the control of or reduce project timing, and sim-
plify the internal and external auditing process. In doing so,
this should benefit the center from both an economical and a
managerial perspective [17]. From a practical point of view,
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the main reason for the Service of Development of Medi-
cines (SDM) taking the step towards ISO9001:2000:2000
certification was to give recognition to the quality of
research and development activities being carried out. This
was beneficial in that we were able to implement a quality
management system into the existing quality management
structure and various other projects in an useful and flexible
way.

The novelty of this paper refers to the process of
implementing a quality management system, based on the
ISO9001:2000 standard, in an university pilot plant dedi-
cated to the research, design, and development of drugs;
50% of resources go towards teaching activities and 50% to
research and development.

After achieving ISO9001:2000 certification the center
distinctly improved, particularly in the following areas:
communication between staff members, the assessment of
customer satisfaction, the management and organization of
projects, and achieving targets. No similar studies have
been published before on this issue concerning academic
field.

Methods

Initial assessment and choice of solution: integrating
ISO9001:2000 into GMP quality system

The ISO9001:2000 system was incorporated into a pre-
existing quality system based on a GMP [18] compliance
scheme [17]. Following a previous study into GMP com-
pliance, in which several aspects were identified as
requiring attention, it was necessary to establish the
guidelines for applying the ISO9001:2000 (Table 1).

The next step consisted of studying and planning the
stages (Table 2) that would lead to ISO9001:2000

Table 1 Analysis of starting point before ISO 9001 implementation

Table 2 Phases for the
implementation

development of ISO 9001:2000

ISO 9001:2000 Implementation: phases

1 Analysis of ISO 9001:2000 requirements in front of GMP
2 Personnel awareness/training versus ISO 9001:2000 new elements

3 Writing/implementation of specific procedures of ISO 9001:2000
rule

-Quality manual
-Specific ISO procedures

4 Internal audit and strategic quality planning focused on continuous
improvement

5 External audit previous to ISO 9001:2000 certification
6 ISO 9001:2000 certification

certification. At this point, it was necessary to achieve a
perfect fit between both standards to improve the system as
a whole.

Implementation of ISO9001:2000

This section will discuss the main themes of each phase
outlined in Table 2, emphasizing the areas that went
undetected during the first steps of implementation and
those which emerged during the pre-certification audit.

Review of 1SO9001:2000 requirements and analysis
of the different aspects with regard to GMP regulations

The main elements of ISO9001:2000 that complement
GMP regulations implemented in the SDM are shown in
Table 3. Table 3 also compares the main requirements of
ISO9001:2000 with those of the GMP system. The last
column shows the added value achieved after
implementation.

Analysis of starting point

Aspects to be changed

Reasons for the change

Need for organizational changes such as:
(1) Standardization of methods
(2) Elimination of redundant tasks

Even in a research task, innovative and with intangible results at the beginning, many
tasks and determinations are routine and must be done in a formal way

Tasks that are traditionally justified although not essential, not adding quality to the

project or to the center

Lack of communication between personnel about
observed deviations and/or improvements

Absence of a quality culture

To seize opportunities to improve department functioning and offer staff training

Establishment of a quality culture, independent of quality assurance department: To

teach the language of quality

Improve information flow among the personnel of the center

Insist on professional responsibility of each member of staff

Gradually introduce ISO procedures in work processes They are indispensable to achieve certification. Their introduction must be carried out
without implying a burden in daily work
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Table 3 Comparison between GMP and ISO 9001 requirements

1SO 9001:2000
The main aim is to achieve
the maximum customer satisfaction

GMP
The main aim is the obtaining of

specified quality in order to assure user’s safety

Added value due
to ISO 9001:2000

Requirement Document Requirement Document
Chapter 4 Chapter 4
Identification of organization’s Map of processes NA NA To work and think by processes
processes eliminates barriers between
departments
Department flow improvement
Existence of a Quality Manual to  Quality manual  Existence of a site master file SITE The QM is public and available to
describe the whole system document MASTER anyone in the organization
FILE
Need for written procedures to ISO 9001 All activities must be documented SOPs NA
fulfill main standard procedures according to standard operating
requirements procedures (SOPs)
Other procedures necessary to SOP’s
plan, operate, and control
processes
There must be documents to Templates for There must be documents to Templates
register all generated data data register all generated data for data
registration registration
Chapter 5 NA NA Implication of all collaborators/
Establishment on behalf the Objective and working groups in the
directorship of a quality policy quality policy establishment and a.chlevement
and objectives that must be of general and specific
periodically checked objectives
Review by directorship Directorship NA NA Improving the knowledge and
review report involvement on behalf
directorship about how
organization operates as a whole
Chapter 6 Chapter 2 Assesment of effectiveness of
Evaluation of the effectiveness of Evaluation of Personnel must be adequately Training training activities helps to
training activities performed training trained records manage training resources and to
activities adapt training activities to real
needs
Chapter 7 Chapter 7 Effective communication with
Effective communication with Customer Communication with customers is Quality customers to 1nf0rm4ab0ut the
customers to inform about the satisfaction regulated just in case of contract  agreements  State of contract projects and to
state of contract projects and survey manufacture and analysis or and assess their level O.f satisfaction
assess their level of satisfaction complaints complaints 2t any level, even in absence of

Chapter 8
Self-inspections

Quality indicators to track
continuous improvement

Well-established system for the
management of non-
conformities. Existence of
preventive actions. Tracking and
measuring actions focused on all
organization areas

Audit reports

Quality indicators

documents

SOP for non-
conformities
management
quality reports
C.AP.A.
tracking

Chapter 9
Self-inspections
NA

Non-conformities must be
registered and solved. Tracking
actions derived from self-
inspections are focused on the
product and its productive
environment

Audit reports
NA

NA

complaints
NA

A periodic and quantifiable
revision procedure has been
established to evaluate quality
indicators

Establish preventive actions to
avoid potential non-conformities
and enhance continuous
improvement
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Awareness of staff and training

Training sessions focused on discussion and opinion sharing.
At this point, the organizational structure of the center was
redefined and job descriptions were revised, making them
anonymous instead of nominative. Other changes planned
were the promotion of two people to heads of department,
and the new post of project supervisor was created.

Development of specific ISO9001:2000 documentation

The phases for establishing documentation are detailed in
this section, as are the most important aspects and the
lessons learned.

Process mapping: basic processes of the center It is
important to consider the reason that a research centre
exists: to facilitate research and development. Process
mapping of a research center is difficult because the pro-
jects tend to be disjointed, making it difficult to formulate a
generalized system. However, we managed to achieve this;
in the same map the different types of process were cate-
gorized into strategic, key, or support processes.
Furthermore, it was useful to complete Section 7 of
ISO9001:2000 and adapt it to certain aspects of the SDM,
as well as Vermaercke did in 2000 [5]. Table 4 was
developed to illustrate this process; the right column shows
the ISO9001:2000 standard specifications, while the left
column shows the detailed processes of the SDM.

Quality policy 1If the quality policy is not a well-structured
and transparent document, it will not be understood or fol-
lowed by staff. Our quality policy was redesigned to include
a clause referring to the customer. As a result of the new
quality policy, quality goals were drafted. Broad goals were
used because drafting specific goals for each department
had proved inoperative in previous years. A table of quality
indicators was designed to regularly monitor the quality
policy. Some of the quality indicators included in this table
were the following: obtaining a score higher than 8/10 in
satisfaction questionnaires; number of actions implemented
in order to improve electronic management of documents,
and number of meetings carried out to treat quality issues
and facilitate communication among personnel.

Quality manual According to ISO9001:2000, the quality
manual is a basic document that refers to the overall quality
management system of an organization. During the
implementation period, several versions of the quality
manual were written. The structure was based on the eight
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Table 4 Breakdown of the activities developed in order to comply
with several clauses of Section 7 of ISO 9001:2000 showing the SOP
that describes the process

Activity in the SDM [ sop | Correspondence with ISO 9001:2000

7.2 CUSTOMER RELATED PROCESSES

Customer: Product requirements

Interview/Request to SDM

721
Requirements:

customer/legal/SDM/others
project viability DETERMINATION OF

REQUIREMENTS RELATED

TO PRODUCT
Budget (Technical Director)

2

s

2

CONTRACT 722
(Annex: project goals)
REVISION OF
REQUIREMENTS RELATED
[ SIGN AND DEVELOPMENT 723

731 CUSTOMER
Opening of project sheet: COMMUNICATIO

- Planning PLANNING OF DESIGNAND | N

DEVELOPMENT
Input data: 732
- Project sheet
- Protocol writing (by technician) INPUT ELEMENTS OF

DESING AND
DEVELOPMENT
733,

Output data: project goals
protocol)

RESULTS OF DESIGN AND

DEVELOPMENT

GEN033

Department and/or Project Quality

‘ Revision of project protocol: Head of ‘ 734

REVISION OG DESING AND

{} DEVELOPMENT
Verification of project protocol: Head of 7.3.5
Project Quality Management VERIFICATION OF DESIGN
< = AND DEVELOPMENT
Technical Direction: verifies again and 736
VALIDATE the project’s protocol
VALIDATION OF DESIGN
< & AND DEVELOPMENT
Mestings 737
Partials reports:
. - Head of project: establish requirements o | -
T - Head of Department and/or Project Quality < Eg;¥:l’(EL oF
t| Management - Technical Direction 4 N
! 3 | DESIGN AND/OR
: DEVELOPMENT
GEN

7.4 PURCHASING
7 5 PRODUCTION AND SERVICE PROVISION

020

-PROJECT NOTEBOOK:

Product development

: - SOPs (Standard Operating Procedure)

- Verification/equipment maintenance

L--L- - In-process controls - 7.5.1

- Meetings and/or protocol modifications: :
Revision-Verification-Validation

- Final report: | CONTROL OF
Revision-Verification-Validation | PRODUCTION AND
i| o |SERVICE 723
| % PROVISION 722
= CUSTOMER
' 2 COMMUNICA | REVISION OF
- TION REQUIREMEN
H TS RELATED
,,,,,,,,,,,,,,,,,,,,,,,,,,,, HER<) TO PRODUCT
| Whenever in-process controls | ____ N 752
' are not available : |
' VALIDATION OF
PROCESSES
753
IDENTIFICATION

AND
TRACEABILITY

754

CUSTOMER
PROPERTY

- Warehouse
- Sample collection

GEN018

155

PRODUCT
PRESERVATION
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chapters of the standard. Each chapter explains the differ-
ent aspects of the SDM and many of the activities required
by ISO9001:2000 were specified with the aim of facilitat-
ing audits.

Specific 1SO procedures: organization and control of
documentation The 1ISO9001:2000 standard sets a mini-
mum of six written procedures which should explain the
general aspects of the quality assurance management sys-
tem. A total of 12 procedures were drafted and added to the
pre-existing procedures (see Table 5) not previously cov-
ered in GMP requirements. The nature of our center made
it necessary to establish procedures related to departmental
processes, marketing management, and teaching activities.
The organization of the documentation system used paper
copies and by December 2007 it accounted for more than
300 procedures. The control of such a large number of
procedures was complicated and the management of the
paper documentation had overloaded the quality assurance
department. Therefore, an attempt was made to simplify
and streamline their control. This simplification unified
both the procedures drafted under GMP and the procedures
established exclusively under ISO9001:2000. For instance,
one measure was to fuse the procedures relating to the
same type of equipment, e.g., balances of the same model
and weight range. Calibration operations were also com-
bined into a general procedure for each piece of equipment,
instead of separate procedures.

With regard to the distribution of documentation, it was
decided to keep only the paper documentation concerning
equipment by placing a copy of the procedure near the
equipment. The rest of the SOP remained on the intranet.
Every printed copy is recorded in the original document
with the number of the copy (1, 2,...) and its location.

Table 5 A total of 12 new procedures were created on aspects not
previously covered by GMP regulations

ISO 9001 Procedures for the SDM

1SO001 Control of documentation
1SO002 Control of records

1SO003 Approve suppliers

1SO004 Strategic quality planning
ISO005 Marketing management
1SO006 Teaching activities

ISO007 Non-compliant product management
1SO008 Customer management

1SO009 Galenic development processes
I1SO010 Quality control processes
ISO011 Quality assurance processes
1SO012 Regulatory affairs

A system of password-protected PDF files was designed
(the password was only known by two people in quality
assurance department). Moreover, these files were cus-
tomized so that no modifications, printing, etc. were
allowed. In addition, personnel could only read PDF on the
screen with no possibility of editing in any manner, so they
were indeed like an image. So far, this system has proved
its effectiveness.

The control of all types of documents is now carried out
using an excel worksheet, customized to facilitate the
detection of revocation, distributed and printed copies,
annexes, etc. Annexes related to procedures are also now
controlled with this excel sheet and are made available to
personnel who may need them, through a common folder
hosted on the SDM server. In this case, printing and con-
sultation are allowed but changes to these documents
cannot be made. Although this is time consuming in the
beginning stages, it ultimately facilitates excellent control
of documentation.

Development of strategic quality issues

Quality policy, goals and indicators, regular meetings,
evaluation of customer satisfaction, and system revision
were the tools developed to carry out quality planning
focused on continuous improvement, which was not cov-
ered by the pre-existing GMP system.

Quality indicators Establishing appropriate quality indi-
cators to monitor continuous improvement was a challenge.
It was not easy to select indicators that could be monitored
both quantitatively and objectively. In fact, some of the
indicators initially established were almost impossible to
quantify. Among the problems identified, some of the
quality goals were not associated with indicators, making it
impossible to track them. In addition, it was necessary to
implement indicators that were directly related to the
activities described in the process mapping. To monitor
indicators, a special excel sheet was designed from which
indicators were based on the type of process they measured
according to process mapping. The excel sheet also indi-
cated the time period by which the measurement had to be
verified (minimum time frame in order to have enough time
to correct non-compliance by the end of the year was twice
a year).

Direction review and leadership The role of head man-
agement is an issue that cannot be ignored when
establishing a truly effective quality assurance system, as
described by ISO9001:2000. Therefore, it was important to
assess the director’s involvement and understanding of the
development of the system. The review was extremely
useful in providing an overview of the quality system as a
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whole, as well as identifying potential areas for improve-
ment. The involvement of the director in this review led to
a better understanding and awareness on his part, and
therefore allowed for informed decision making when it
came to improvements. The resulting report of the direc-
tor’s review was made public at a quality meeting, so that
all personnel could state their support and interest in
achieving ISO9001:2000 certification.

Customer satisfaction In the context of the ISO9001:2000
standard, the ultimate purpose of the quality assurance sys-
tem is customer satisfaction. It is therefore essential to
implement procedures that objectively measure customer
satisfaction with the product. To do, this required a ques-
tionnaire in which the answers were quantifiable, e.g., a
numerical value. After customers had completed the contract
of service, the questionnaire was forwarded to them by e-
mail and in this way used as a tool to evaluate satisfaction.
However, in this study it was not always easy to obtain this
information, because questionnaires were not always com-
pleted and returned. To avoid this, the format was amended.
The questionnaire was made available on line so that the
completed file could be forwarded immediately. Addition-
ally, the time between completion of the contract and
forwarding the questionnaire by SDM was reduced in an
attempt to avoid distortions of perception that the client
could have about the service due to the passage of time.

Quality committee The quality committee held meetings
on the revision of targets, indicator monitoring, and other
themes aimed at addressing issues related to the
1SO9001:2000 standard, which must be brought to the
attention of all personnel in the organization. For each
meeting, as a record of the topics addressed, a report is
issued, which is validated by the director and quality
assurance committee. In addition, to facilitate internal
communication, a copy of each record is posted on the
SDM intranet in electronic format. The members of the
committee are the following: the technical director, deputy
technical director, head of quality assurance, head of
quality control, head of regulatory affairs, and the new
head of quality assurance projects.

Audits for quality improvement To identify areas for
improvement in the implementation of the organization’s
procedures, both internal and external audits are now
planned annually and regularly carried out [15]. In terms of
audits, the traceability of the developed projects deserves
special attention, so the documentation related to projects
was frequently targeted in internal audits. A risk analysis
was also performed to prioritize specific traceability issues,
which resulted in faster and more effective audits. As for
the external audits, the consultancy hired by the
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organization carried out an audit prior to that carried out by
the certifying entity.

Results

After action was taken to adapt the quality management
system to the requirements of the ISO system, there were
some improvements.

Customer service assessment

Thanks to the ISO9001:2000 standard, there has been a
significant improvement in all areas of management, which
is reflected both in the documents delivered to the customer
and in feedback obtained from the questionnaire mentioned
above. In response to the questionnaire, customer satis-
faction—which was ranked based on a point system, with
10 being the highest—scored 8.46 in 2006 (3 months after
the implementation of ISO9001:2000), increasing to 9.76
in 2007, and 8.64 in 2008.

Following an analysis, it was revealed that the value for
2007 was abnormally high since only four out of twenty 20
questionnaires were completed and returned. This system
was improved in 2008 resulting in 80% of the question-
naires being recovered. We received a suggestion for
improvement and a note of thanks. Currently, new methods
to measure customer satisfaction are being implemented in
addition to questionnaires. Documents such as gratitudes,
e-mails, possible complaints and even congratulations are
also taken into account.

Quality of documentation: archive, backups, etc

One of the best results of the ISO9001:2000 implementa-
tion was the improvements seen in the system
documentation. We developed a quality manual and
described the specific procedures of ISO9001:2000. This
fact in itself illustrates an improvement in the documen-
tation system. The center focused on improving the
recording, control, and archiving of documentation because
of shortcomings in the past, specifically with regard to the
distribution of copies through the intranet system. In
addition, all network documentation relating to projects
were secured by a new backup system.

The initial 359 procedures (data from January 2007)
were reduced to 226 in February 2009. Taking into
account that the quality system is now larger, the reduc-
tion in the number of procedures [and copies distributed]
shows a significant achievement in terms of the fusion of
procedures, which has facilitated better documentation
control.
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Direction review

Based on the direction reviews, we decided to change some
equipment and to distribute resources to deal with certain
calibration requirements that previously could not be
achieved by the organization due to lack of personnel or
time. Resources were also assigned for the continual
training of personnel, and new web page updates of the
center were launched.

Quality committee

Between January 2007 and February 2009, the committee
held a total of sixteen quality meetings (independent of
project meetings), with a 90% attendance rate. Now, four
meetings per year are planned.

Audits

In 2006, only two GMP audits were performed, while in
2007 they increased to five. These were completed with six
IS0O9001:2000 internal audits and one external audit; in the
latter, six minor non-conformities were detected. In 2008,
five GMP audits and eight ISO9001:2000 internal audits
were carried out. The audit for certification detected four
minor non-conformities.

Staff and training activities

Promotions helped to improve communication in the cen-
ter. Prior to this, technicians reported directly to the
technical director, which delayed decision making and
disrupted the efficiency of the department. A new position
was created making one person responsible for project
quality assurance. This person also acts as director of
technical staff and oversees the implementation of quality
standards of technical data. General training (not just
training that focused on meeting ISO9001:2000 criteria)
was widely and effectively implemented in the SDM. An
activity was implemented to assess the effectiveness of the
general training activities. The interest in training activities
shown by personnel also illustrates the effectiveness of the
implementation of the quality system. In 2006 only one
internal training activity was carried out, but this increased
to ten in 2007, with an additional seven external training
activities carried out. In 2008, the same number of internal
training activities was carried out, and the external activi-
ties increased to eight.

Non-conformities (CAPA system)

The evolution of non-conformities as a quality indicator
proved inoperative, but it was useful to assess the

management of non-conformities and CAPA (Corrective
Actions & Preventive Actions). In 2006, 32 non-confor-
mities were detected, which increased to 50 in 2007 and 64
in 2008. These increases do not mean that the quality
systems have worsened but rather give evidence that there
is a major awareness of the need to improve quality issues
so that non-conformities are better detected and can be
corrected. As for preventive actions, there were none in
2006; in 2007 there were three and in 2008 the number of
preventive actions increased to six. All actions were carried
out and are now functional.

Calibration planning

Although a calibration planning was to be performed
annually, the center rarely reached the end of the year with
100% compliance. In fact, in 2006 the calibration planning
was temporarily discontinued due to a lack of resources,
such as personnel. Thus, calibrations have been progres-
sively outsourced and other equipments that produce
significant results have been included in scheduled cali-
brations. Compliance for calibration planning was 83% in
2007 and 81% in 2008. The number of pieces of equip-
ment included in calibration planning increased from 39 in
2007 to 52 in 2008, and 58 in 2009. The aim has been to
extend calibration planning as well as to achieve 100%
execution.

Timing compliance

It should be stressed that in 2009 compliance for pro-
ject timing was established as being a new quality
indicator. Now, compliance for project timings is con-
sistent with that previously planned for all projects
audited in 2009.

Discussion

Quality is an essential element in successful and productive
companies and is therefore an essential component for
research and development centers. However, the quality
system must be flexible and simple, modular and non-
redundant, self-sustained in daily work, and above all, it
must add value to work, creating an innovative culture for
the center.

From a practical point of view, the pre-existing SDM
quality management system provided defined criteria for
project development and its subsequent quality control.
Furthermore, it provided a system for the easy monitoring
of activities, prioritized goals of the organization, and
permitted the transition of data.
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Quality is a strategic resource, since the first stages of
the ISO9001:2000 implementation, quality management in
our organization has improved. Three quality indicators
can be used to illustrate this:

— The results of customer satisfaction questionnaires have
shown an improved ranking of customer satisfaction in
the SDM.

— The director’s involvement in the organization has
increased the focus of staff and improved the accuracy
of resource allocation.

— Personnel awareness and involvement in the system
have resulted in the creation of eight new proposals
since September 2007, which have brought about
significant improvements to the system. This is signif-
icant as there were no proposals prior to ISO9001:2000
implementation.

Obviously, the whole implementation process had a
cost. This is something that has to be appropriately fore-
seen and planned before the process so that the budget is
not exceeded in any way.

In conclusion, we would say that ISO9001:2000 com-
pliance in the GMP environment has allowed us to
incorporate the SDM quality system into a virtuous cycle
of continuous improvement that will lead to improved
customer satisfaction, which is the main objective of the
SDM. Nevertheless, economical benefits, which are less
easily proved, have yet to be determined [15]. Fortunately,
our results can now be backed up by the quality indicators
established by the organization. The next step for the
continuous improvement of the SDM will be the achieve-
ment of the UNE 166.000 standard.

From our experience, we would suggest that
ISO9001:2000 implementation could be easily applied to
other organizations such as hospital pharmacies, labora-
tories, and research centers. It would be interesting to
discuss whether quality systems influence research
activities in terms of reducing creativity. In our case, this
theory has been proved wrong; quality assurance has
given our staff and the results of our research more
credibility.
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