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GMP Regulations: Your Product and Process Quality

Control Responsibilities

Good Manufacturing Practices (GMP)

Nowadays, everyone is attempting to save, reduce, and cut
back — except when regulatory requirements are involved.
Such requirements are becoming more comprehensive and
more challenging, especially when it comes to the quality
of pharmaceutical products. Over the course of the last
100 years, good manufacturing practice has resulted in sub-
stantial requirements for drug product safety. These GMP
guidelines didn’t appear out of thin air, and they haven’t
been developed by the authorities over a short period of
time. Rather, they involve experiences — some of which
have involved serious events — over time. The following
article is intended to raise awareness of the need to focus
on GMP and to reach a broad audience across all corporate
levels.

Quality — The Most Important Consideration
Throughout life, people suffer from a variety of ailments
that take different courses and have various manifestations.
In most cases, people decide on their own or on the advice
of their doctor, to take medication to ease the symptoms
and treat their illness. This raises the question of whether
the medication used to treat the illness is effective and
whether the person using it will be able to tolerate it.
Furthermore, as a result of headlines in the news, we are
now highly aware of the issue of drug safety.

Effectiveness, tolerance, and safety are very much deter-
mined by the quality of the drug product. Quality, in turn,
depends on the production of the active ingredients and
accompanying substances that are used, the combination
and assembly of these substances, packaging, storage and
transportation, the experience and training of all partic-
ipants, the validation of procedures, the qualification of
systems, and the service providers and consultants involved
in the process. As a result, there are numerous actors and
potential sources of errors that have a direct impact on
quality.

These considerations are especially important with respect
to vaccines. Because vaccines are produced using biological
and genetic engineering processes, steps must be taken to
prevent contamination. The processes used to ensure qual-
ity of medicines and vaccines must be flawless, nothing left
to chance. Patients assume all parties involved — manufac-
turers, labs, packagers, warehouse workers, transporters,
and pharmacists — meet all quality requirements at all
times and trust the medicine is safe.

Is trust enough when it comes to your health? Probably
not. This is where regulations come in. They are precise
requirements that must be observed with respect to the
production, storage, transportation, testing, and sale of
drug products. These are the rules of GMP. As global stan-
dards, they are defined in national laws around the world.
In Germany, they are outlined in the Medicinal Products Act
(AMG).
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“This paper is intended for everyone who is involved in the

production, packaging, storage, transportation, or other handling of

raw materials and active substances, drug products, and vaccines;

it should be made available to all such persons. It is intended to

draw attention, make people aware of the issue, and provide a good
justification for GMP— in short, it is intended to be a simple and

easy-to-understand training too

|Il

BJORN NIGGEMANN, CHIEF QUALITY OFFICER, ELPRO

If Everyone Acted Responsibly

The women and men who work in the pharmaceutical
industry have a wide variety of training levels and special-
izations, from sales staff to engineers, from lab assistants to
cleaning specialists. The regulatory framework, laws, guide-
lines, and regulations around the world are so complex,
their impact can be felt beyond the production sites and
labs. They can also affect all corporate levels.

Therefore, all employees must understand the aim and
purpose of their role, their work, and how GMP regulations
affect their work. A willingness to assume responsibility in
this regard is essential to ensure the health risk to patients
and the associated economic risks to the company have
been minimized as much as possible. Ultimately, a company
will realize that there is a break-even point for the addition-
al work that is required by GMP. Net gain will come from
your company’s compliance.

History shows that patients have suffered serious negative
health consequences — and in some cases even death —as
a result of errors in the production process or as a result of
errors during the analysis stage. In many instances, these
errors could have been avoided if GMP requirements had
been applied at the time.

GMP — What Is It?

Drug products are developed and produced in order to
prevent or cure illnesses or to provide ill patients with
relief. Drug products are purchased with the trust and the
confidence that the manufacturers do everything they can
during the production and development process to ensure
high quality and prevent risks during the process.

The awareness that drug products can lead to substantial
risks arose, in part, in the early 1960s as a result of the Con-
tergan scandal, when deformations and deaths occurred
among infants after their mothers had taken sleeping aids
while they were pregnant. At nearly the same time, millions
of people accidentally became infected with the SV40 sim-
ian virus when they were immunized against polio because
the oral vaccine was contaminated. SV40 can cause cancer.
For example, SV40 viruses cause lymphomas, lung cancer,
bone cancer, and brain tumors in hamsters. This shows

that there are significant risks associated with medication
that have not been tested sufficiently, that have become
contaminated or otherwise tainted, or that have been the
subject of an act of sabotage. To prevent such risks, stan-
dards to ensure a uniform quality assurance (QA) system
must be developed and updated on a continuous basis.

However, GMP itself is not a QA system, but instead only
provides specific instructions for production processes and
for controlling the products that are manufactured. GMP
must be integrated in an existing, functional quality man-
agement system (QMS).

In Germany, compliance with GMP is mandated by law in
Section 54 of the AMG. The underlying framework are the
EU GMP guidelines, which since 2006 have consisted of two
large sections and the related annexes. The actual autho-
rization to manufacture, distribute, or test drug products

is provided by the manufacturing authorization pursuant

to the AMG. In Germany, such authorization is granted by
various authorities, including district governments, regional
councils, and other state authorities.
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In the US, the Food and Drug Administration (FDA) is the
sole agency responsible for food and drug products. Title
21 of the Code of Federal Regulations (CFR) Part 211 out-
lines the GMP requirements for finished pharmaceutical

products.

The GMP guidelines, which were originally published by
the World Health Organization (WHO) in 1968, have been
updated continuously since the 1980s. Based on these
guidelines, there is an obligation for both manufacturers
and product analysts to define, prior to the introduction
of a drug product on the market, a mandatory, multi-
stage approval process. This obligation was first defined

in the US. The first US law related to drug products was
the Pure Food and Drug Act of 1906, which required that
drug products be clearly labeled; however, this law did not
introduce an approval process. This occurred three decades
later with the Federal Food, Drug, and Cosmetic Act of
1938, which was passed as a result of the sulfanilamide
disaster, in which more than 100 people died after taking
an antibiotic that had not been tested sufficiently. The key
provisions of this law were strengthened by the Kefauver
Harris Drug Amendment of 1962, which was passed at the
same time as the revelation of the Contergan scandal. This
amendment required, for the first time, proof of a drug’s
therapeutic effectiveness and safety as shown in adequate
and well-controlled clinical studies. A number of drug laws
in other countries subsequently also required proof of a
drug’s effectiveness. In many respects, US drug laws since
1962 have served as a model used by a large number of
other countries.

Internationally, guidelines regarding how and under what
conditions drug products may be developed and manufac-
tured have been formulated and enshrined in law in order
to ensure and continuously improve product quality. Taken
together, all of these guidelines and laws are called GMP.
Strict implementation of, compliance with, and adherence
to GMP is the most important duty of pharmaceutical com-
panies and testing labs during their day-to-day activities.

In Germany, companies have only been allowed to produce
approved drug products if they have demonstrated that
they are suitable manufacturers by receiving official au-
thorization since the introduction of the AMG in 1976. On
the basis of official inspections, such suitability is carefully
reviewed by representatives of the state (inspectors) and,
if the manufacturer is deemed to be suitable, document-
ed in a manufacturing authorization in accordance with
Section 13 of the AMG. After the initial inspection, the
official representatives conduct additional checks at regular
intervals (in Germany, every two to three years, using a
risk-based approach). The details are set out in the General
Administrative Regulations for the Implementation of the
AMG (Allgemeine Verwaltungsvorschrift zur Durchfiihrung
des Arzneimittelgesetzes — AMGVwV).

How is GMP to be implemented? Although there are nu-
merous laws, guidelines, and regulations that address the
topic of GMP, the level of detail that has been defined with
respect to their actual implementation is usually insuffi-
cient. As a result, each individual company must generally
decide for itself how to ensure a certified GMP environ-
ment. We will look more closely at this question of how to
implement GMP in the next section.

GMP Is Everyone’s Business — Not Just Production
As a result of advances in research, the requirements
imposed on the manufacturers of pharmaceutical products
are becoming increasingly complex and more time-con-
suming. At the same time, however, the requirements for
management structures from a regulatory perspective are
also increasing, as it is now necessary for companies to
have at least one quality assurance manager (though they
generally must have an entire quality assurance depart-
ment). This department is responsible for implementing
and monitoring tasks within their area of activities related
to compliance with quality standards, and its members are
appointed directly by management.

The era when the rules of GMP were applied solely to pro-
duction is over. “Everyone involved in the long value chain
of a medication are now affected by GMP and must adhere
to the corresponding requirements. In addition to the
manufacturer, this also includes retailers, service providers,
service technicians, software suppliers, and even garbage
disposal companies.”

The overarching goal of quality assurance is to establish a
system within each company that ensures implementation
of the applicable national and international rules, ordinanc-
es, and laws, including GMP. The department must, there-
fore, ensure seamless and complete proof of the existence
of the necessary QA system.

Milestones in the Development of GMP

As indicated above, GMP has changed over the course of
the last century. These changes were mainly due to events
that can still be found in the media today and that are dis-
cussed regularly at GMP conferences, training sessions, and
meetings in order to raise awareness of the need for GMP.
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Is It Really All History?

Some studies still show GMP failures are on the rise. In

the 2018 reporting period, the Federal Union of German
Associations of Pharmacists (ABDA) alone produced a total
of 9,486 spontaneous reports/notices about drug product
risks/side effects from 4,846 pharmacists. Nearly 2,959 re-
ports involved observations of undesired effects or the mis-
use or improper use of drug products that were forwarded
to the competent higher federal authorities.

The vast majority of reports received involved complaints
about pharmaceutical quality (with 6,527 such cases), with
packaging errors leading the way, followed by preparation
defects, mechanical problems, and declaration errors. In
addition, there were a total of 53 reports of suspected ma-
nipulations or counterfeits (2017: 57 reports). The author-
ities responsible for monitoring the relevant authorization
holder were immediately notified in around 40 percent

of reports (2,570 of 6,527 reports) relating to suspected
quality defects.

The reporting pharmacists also made a significant contribu-
tion in 2018 to increasing the safety of drug products and
therapies, and thus patient safety. There were a total of

43 Drug Commission of the German Medical Association
(DCGMA) notices based on 181 reports from 147 pharma-
cists. Another 660 spontaneous reports from 593 phar-
macists led to the initiation of corrective, risk-minimizing
measures by the relevant manufacturer.

The trend is clear. There has (once again) been an increase
in defects since 2015. This trend runs counter to GMP

and means that the rules must be introduced, applied,

and monitored even more forcefully, including in other
countries around the world, in order to avoid unnecessarily
endangering the health and well-being of patients. Thus,
GMP makes absolute sense and must serve as an example
and be implemented at all levels.

GMP Will Haunt You Until You Get It Right

The events of the last years and century are just examples
of what can happen during the production, testing, and sale
of drug products and the resulting consequences. The list of
mishaps could be longer.

But why do they occur in the first place? Among other
things, enormous cost pressure is increasingly driving phar-
maceutical companies to import cheap starting materials
and finished drug products from non-European countries,
mainly from Asia. It is difficult to ensure that these manu-
facturers are complying with domestic quality require-
ments. In any case, there is not full traceability.

Costs versus quality. This is a difficult balancing act but
one that can be mastered effectively with the help of GMP
rules. For example, the DCGMA published 40 so-called
redhand warnings for 2018 on its website informing manu-
facturers and associations of manufacturers of finished
drug products about potential risks and recalls of drug
products. Additional warning letters about potential health
and other risks can be found on the website of the Federal
Institute for Drugs and Medical Devices (BfArM).

The next patient could be you, a member of your family, or
your beloved pet! We want to achieve the highest level of
safety. This starts with each one of us in our daily work.

However, we now have an increasing number of indepen-
dent GMP requirements, such as GMP for advanced therapy
medicinal products (ATMP) and GMP for sterile drug prod-
ucts. In addition, there are ever more detailed documents,
such as Annex 1 and Annex 17 of the EU GMP guidelines. So
let’s rise to the challenge and make medication safe.

GMP: Chapter by Chapter

In all regulations including GMP and good distribution prac-
tice (GDP), there is only one thing that matters: the quality
of the drugs must be flawless throughout manufacturing
and distribution to guarantee safety for the patient.

Thus, GMP regulations cover a wide range of aspects and
processes that touch the product, including the chapters
below.

. Quality System

. Personnel

. Premises and Equipment

. Documentation

. Production

. Quality Control

. Outsourced Activities

. Complaints and Product Recall
. Self Inspection

10. Storage and Transport
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GMP thus affects every single employee involved in the
pharmaceutical manufacturing process chain: from active
ingredient suppliers, purchasing, warehousing, technology,
processing, packaging, inspection, through to dispatch and
transport.

Quality is the result of teamwork. Every single job must be
carried out correctly on a daily basis, even if at first glance
it seems insignificant. In the following, the most important
GMP requirements are listed (but not exhaustively).
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1. Quality System

Quality of Medicinal Products

The quality of medicinal products and active substances
must not be a random product, but the result of careful
planning, correct implementation, good documentation
and systematic monitoring. Quality is not a matter for
discussion. The exact quality that must be maintained is
described in the approval documents submitted to the
authorities. Before a batch of pharmaceuticals is released
for sale, the qualified person (QP) checks whether all these
quality criteria have been met. The responsibility for quality
does not end at the loading ramp. Storage, transport, and
distribution must also be planned and controlled in such a
way that the drugs cannot spoil or be mixed up.

Quality Management

Manufacturers of medicinal products or active substances
are required to document in writing how the products have
maintained integrity. Even companies that only carry out
individual manufacturing or packaging steps on behalf of
others (outsourcing) must describe exactly how they reliably
ensure the quality required by GMP and GDP, according to
legislation. The client continues to bear the responsibility for
ensuring that the contractor delivers the required quality.
Quiality control is, therefore, an important part of the quality
management system but not the only one.

Other important elements are careful documentation; the
qualification of buildings, equipment, machines, personnel
and suppliers; auditing; the correct handling of changes and
errors; as well as the validation of procedures. In order to
be able to plan quality in a targeted manner, it is important
to constantly record the current data during production,
packaging, maintenance, warehousing, or testing (on paper
or digitally). This data must be continuously evaluated to
identify trends (product quality review — PQR) in order to
identify weak points, prevent errors, and improve processes
(continuous improvement process — CIP). The manage-
ment of the company (as the responsible body) is informed
of the results of these periodic PQRs. The aim is to immedi-
ately identify and eliminate potential hazards to quality.

Quality Risk Management

Some dosage forms are difficult to manufacture or involve
special risks for the patient, like sterile dosage forms (eye
drops, injections, infusions). For this reason, every company
must tailor its processes precisely to the respective drugs
and justify in writing how it controls all quality risks (quality
risk management). It is not enough to concentrate on the
production of the final product. Quality can be compro-
mised during the development of active substances and
during drug development processes. Thus, GMP require-
ments apply throughout a drug’s lifecycle — from inception
to consumption.

Change Control (Management of Changes)

“Compliance” means that everyone must adhere exactly

to the valid work instructions, simplified workflows, im-
provements, or other changes that are permitted with prior
written approval. However, before a change can be made
to methods, processes, regulations, input materials, rooms,
or facilities, a team of experts must carefully evaluate what
consequences this change could have for drug quality.
Inevitably, changes have an influence on the product, which
must be identified, evaluated, and documented accordingly.
Unplanned changes, for example, within the scope of a
repair or a major maintenance task, must also be subse-
quently checked and evaluated in the same way.

This investigation is carried out across departments. The
investigation considers not only production but also engi-
neering, validation, quality control, quality assurance, and
approval. The review will determine whether requalification
(installations) (see “Qualification section below), revalida-
tion (procedure), or notification of change to the approval
authorities is required. Before each implementation, chang-
es must be approved in writing and defined measures (e.g.,
requalification) must be taken. The application, review,
approval, follow-up, and implementation of the change
should be assessed and recorded. All information should be
easily retrievable.

Deviations, Errors, and Out-Of-Specification (OOS)

Despite careful planning and conscientious work, there can
be deviations and errors in every company at any time —
this is ultimately unavoidable. The decisive factor in such
situations is how companies deal with them. A documented
and investigated deviation or error is not an “infringement”.
Undetected or ignored deviations and unreported errors,
on the other hand, are violations, which can lead to signifi-
cant quality defects — and these, in turn, could put patients
at risk or cause unnecessary expenses from delivery failure
and product destruction.

SOPs

Audits o
Validation Training

Audits Quality

Validation Review
Assurance
CAPAs o GSPIGDP
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Anyone who discovers a deviation must report it to their
superior and document it promptly and comprehensive-

ly, regardless of whether they have caused it or not. This
applies to even the smallest deviation. No one is allowed to
decide on their own whether a product is okay. This applies
to all deviations, defects, or faults detected during produc-
tion or quality control.

A standard operating procedure (SOP) should clearly regu-
late and describe who subsequently assesses the deviation
and who may or must make further decisions. Special rules
apply if an analytical test result is outside the specified
range (specification) (OOS). There is a special 00S-SOP

for this. Under no circumstances should the analyses be
repeated as often as necessary until random results are
obtained that comply with the specifications (testing into
compliance). This can seriously endanger the patient.

Phases of the CAPA model
Identify and
report errors
Evaluate
Pre_ventive and
actions assess
impacts
Corrective Analyze
actions root causes

Product
release?

Cause Analysis & Corrective and Preventive Actions (CAPA)
All deviations or errors must be thoroughly investigated.
The aim is to identify the cause (root cause analysis) and
take precautions to keep the error from reoccuring. This

is not about blame. Sensible measures can only be taken

if the cause is known. If necessary, the investigations are
carried out across departments (e.g., production, quality
control, quality assurance, technology, development). If
the cause cannot be clearly identified, this must also be
documented accordingly. The examinations, as well as any
corrective measures determined are checked by the re-
sponsible persons (e.g., head of production, head of quality
control).

All investigations must be completed and reported/
documented in a failure investigation report (FIR) within

a specified time. If the investigation cannot be completed
within this period, at least an interim report must be drawn
up. Deviations/defective batches must be examined with
regard to trends and evaluated within the framework of the
periodic PQRs.

Protection Against Counterfeit Drugs

International trade in active ingredients and medicines
makes it easier for criminals to replace or mix medicines
with ineffective or harmful counterfeits. Quality naturally
goes unnoticed in counterfeits and can put patients’ lives at
risk. Every pharmaceutical company is legally obliged to do
everything in its power to make it as difficult as possible to
imitate its products.

Since February 2019, all manufacturers within the EU and
US have to comply with the serialization as a legal require-
ment. Serialization (i.e., traceability along the entire supply
chain) is intended to counteract counterfeit medicines and
thus guarantee patient safety. This is achieved by affixing
security features to each individual package (machine-read-
able, serialized code to identify authenticity at any point
and at any time, after database comparison) and by affixing
a device, making it possible to detect tampering with the
outer packaging wrapper. The regulations for the serial-
ization of drugs are perhaps the most important criteria in
the global marketing of drugs and other pharmaceutical
solutions. It is necessary to understand and plan for the
corresponding obligations in order for serialization to be
accurate and successful.

Active substances and excipients can only be obtained
from reliable sources that have been thoroughly checked
beforehand. Otherwise, the risk of counterfeit substances
are too high.

The storage and transport of active substances and medi-
cinal products must be well supervised and secure in order
to protect them from unauthorized access. Seal marks,
adhesives, or wrappings indicate whether a pharmaceutical
package has been opened since it was manufactured and
whether its contents have been altered.

2. Personnel

Training (Education)

It is imperative that all persons, including employees of
outside companies, are aware of all instructions and regu-
lations that they need for their work. Each individual must
understand what they are responsible for and how the
quality of the medicines can be compromised. To ensure
that everyone receives the training they need on an ongo-
ing basis, there should be a training plan or a qualification
matrix.

The training plan specifies how each employee is to be
trained in GMP/GDP and the internal operating procedures
he/she is to carry out. Training for new personnel is also
regulated in the training schedule. All employees must reg-
ularly receive GMP training in accordance with the training
plan (e.g., on SOPs, hygiene requirements, documentation,
and CAPA).
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It is important to continuously refresh and deepen this
knowledge as well as point out changes in SOPs. Employ-
ees should take part in regular training courses and put
what they have learned into practice. Participants of each
training course as well as the course content must be
documented. The responsible persons are obliged to check
whether the training content have been understood. This
can take place immediately after a training course or later.
If the training was deemed unsuccessful, the training has
to be repeated promptly and the assessment has to be
completed again.

Responsibility

Each employee is personally responsible for ensuring that
he or she is familiar with the GMP and GDP rules, complies
with them, and behaves hygienically in the manufacturing
area. This includes showering, washing and disinfecting
hands before starting work; wearing GMP clothing correct-
ly; no jewelry, eating, chewing, nor smoking in the GMP
area; no contact with open products; and reporting infec-
tious diseases. Each individual is responsible for ensuring
that the assigned task is carried out exactly in accordance
with the approved SOP and that it is recorded legibly and
truthfully. This applies to all work in the GMP area such as
cleaning, maintenance, calibration, control steps, monitor-
ing, activities in warehouses, and logistics.

In addition, everyone must document deviations, defects,
machine malfunctions, faults, or inexplicable observations,
irrespective of who caused them, and report them immedi-
ately to their supervisor.

No one may make changes to any regulations, protocols,
equipment, software, or processes until they are approved.
The change control procedure must be adhered to. Man-
agers also bear special responsibility. They must ensure
that their instructions are understood and carried out. In
the event of deviations, they must be prepared to make
follow-up decisions.

Compliance

Every company dealing with pharmaceuticals must comply
with the current requirements. Every employee must,
therefore, comply precisely with the corresponding SOPs
and organization regulations applicable to his or her work-
place on a daily basis — even if no supervisor is present
or there are constricting time constraints. Inspections and
audits are regularly carried out by authorities and custom-
ers to check whether pharmaceutical companies and their
employees comply with all regulations.

3. Premises and Equipment

Buildings and Rooms

Only sufficiently qualified rooms with suitable and qualified
supply systems, (e.g. air conditioning, ventilation systems,
water pipes), may be used for the production of pharma-
ceuticals and active substances. A regular maintenance
program must be available for buildings and rooms. Mainte-
nance work carried out must be documented. Responsi-
bilities should be defined in a maintenance plan. The envi-
ronmental conditions (e. g., temperature, humidity, particle
count) must be monitored and controlled. The records must
be easy to find and retrieve.

Changes to buildings or rooms that could influence process
flows or process conditions must be subject to a change
control procedure. In order to avoid contamination of a
product with another active substance (cross contami-
nation), only one product per room may be processed.
Before another medicinal product or active substance is
manufactured in that room, the previous product, samples,
and waste must be removed and the room thouroughly
cleaned. All relevant rooms must be marked according to
their operating condition (e.g., cleaned, in maintenance,

in operation) ideally with details of the currently running
product/process. In order to avoid errors, only necessary
materials should be available in production or packaging ar-
eas, which are required for the respective processing step.

Cleaning and Hygiene

Impurities (e.g., microorganisms, dust, residues of water
or cleaning agents) in pharmaceuticals can either directly
harm patients or spoil the product so that it is no longer ef-
fective. Therefore, it is essential that cleaning and hygiene
regulations are strictly followed by all persons entering
GMP areas.
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All areas in production, quality control, and storage must
be in good, tidy, and clean condition and free from pests.
All persons in the production area must strictly observe the
current clothing regulations (e.g., cleanroom clothing). It
is particularly important that the clothing is always worn
correctly. Even if a hygiene zone is only entered or left for a
short time, the prescribed clothing must be put on or taken
off. This also applies to employees of external companies
and visitors. Precise training and monitoring is essential.

Cleaning and disinfecting hands is an efficient measure to
reduce the spread of microorganisms and viruses. For this
reason, careful hand hygiene must be ensured after leaving
the sanitary areas and at every entry into GMP zones. A
hygiene plan must be drawn up, and the staff are required
to be trained and monitored accordingly. Suitable hand hy-
giene products should be available, periodically tested, and
changed if necessary to avoid antimicrobial resistance.

Specific hygienic behavior is mandatory in cleanrooms.
Prohibitions include eating, drinking, chewing, scratching,
coughing, and sneezing. You are not allowed to bend over
open containers and plant components. A fresh mouth
guard and fresh gloves should always be worn around open
plant components.

The cleaning regulations for rooms, installations, and equip-
ment specify exactly how often and with which materials

/ cleaning agents cleaning must be carried out. It is imper-
ative that these regulations are followed precisely. For ex-
ample, SOPs may direct detergent dilution and setting time.
Cleaning utensils must not be stored damp. Disposable
items must be disposed of immediately. Multiple articles
must be disinfected or sterilized and stored in a dry place.
Diluted detergent and disinfectant solutions may only be
stored for the time indicated on the label.

Devices, Machines, Systems

GMP requires systems to be qualified. A qualified system is
one that is installed properly, secure, protected by redun-
danceis, repaired as needed, and maintained accordingly
(see “Production” section below). All work carried out
during maintenance or repair must be documented care-
fully and in detail. The logs must be archived in such a way
that they are easy to find and available.

Systems should be cleaned in accordance with the detailed
cleaning SOPs. After cleaning containers, equipment, and
plant components, they must be carefully dried and stored
in such a way that they are protected from contamination
until reused. Before changes are made to installations and
equipment, the impact of the change must be assessed in
accordance with change control procedures. This includes
the installation of new software (patches, updates) and may
require revalidation.

Maintenance and Servicing

Software-based systems are also subject to Title 21 CFR
Part 11 and must be validated accordingly. Although the
CFR is a US regulation, it is now considered to be state

of the art worldwide. Updates and upgrades of software
must be strictly regulated and controlled (documentation
and validation, if applicable). Maintenance data should be
analyzed regularly in order to initiate appropriate corrective
actions before problems compound.

Unusual observations of any kind must be evaluated and
reported to production and quality assurance. The main-
tenance and inspection of special tools and format parts
(e.g., tabletting tools) must be carried out in accordance
with the organization’s SOP. After maintenance or repair
work, parts in contact with the product may have to be
cleaned. Recalibration may be necessary or spare parts may
have to be qualified (see “Qualification” section).

-
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Qualification

Qualification means proving that someone or something is
suitable for a certain task. Quality-critical facilities, utilities,
equipment, and machines in the GMP area must be quali-
fied so that they are suitable for the intended purpose. The
effort involved can vary and should be commensurate with
the level of risk to the patient.

The objectives and scope of the qualification are clearly
defined in the qualification master plan and in the indi-
vidual qualification plans for the individual stages (design
qualification— DQ; installation qualification — 1Q; functional
qualification, operational qualification — 0Q; performance
qualification — PQ). Each qualification plan must be ap-
proved before its implementation. If changes or extensions
to the qualification plan are necessary during qualification,
they must also be evaluated, approved, and, of course,
documented. Every qualification, however, is fundamentally
preceded by a risk assessment in which, if necessary, mea-
sures are defined before the start of the qualification work.
After the tests specified in the plan have been carried out,
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a qualification report is drawn up. In this summary report,
a conclusion must be reached and approved by the respon-
sible persons. All changes to qualified production facilities
or plants should only be carried out in accordance with the
change control procedure. Before the change is approved,
the responsible persons assess whether a requalification is
necessary. Risks may also need to be reassessed. Not taken
into account are the validation status of the software and,
as mentioned above, compliance with CFR 21 Part 11 for
computer-based systems.

Calibration

All measuring instruments and indicators must be regularly
calibrated to ensure that the displayed or printed reading is
within the acceptable range at all times. Calibrations must
be performed and documented by the specified date. Sys-
tems with overdue calibration may no longer be used.

The calibration instructions contain the necessary informa-
tion about calibration standards, permitted tolerances, and
calibration intervals. References used must be traceable

to a national or international measurement standard (ac-
creditation according to ISO 17025). Detailed records of the
calibration should be kept.

If the calibration results differ, production and quality
assurance must be notified immediately and measurement
results from the previous calibration interval re-evaluated.
If the deviation is too large, this can also lead to a recall.
Calibration data must be checked for trends and any correc-
tive action required (trending).

Employees who carry out calibrations must have sufficient
competence in this area and prove this regularly, (e.g., by
keeping competency records). References must be checked
periodically by an accredited company according to ISO
17025. Comprehensive records should be kept for all refer-
ences.

Computer-Aided Systems (IT Systems)

Hardly any of the work we carry out nowadays can do
without computer-aided systems for control, measurement,
regulation, data processing, data transmission, data record-
ing, or alarming. In order for us to be able to rely on this
computer data, it must be proven that the computer system
does exactly what we expect it to do (computer validation).
IT (information technology) systems are required to be vali-
dated in accordance with an approved computer validation
plan. Access to IT systems must be controlled. This means
that only trained users have access rights to the system.
Passwords, tokens, chip keys, or other means of authenti-
cating users must never be passed on to other persons or
shared by several users.
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Changes to the IT systems are also subject to the change
control procedure. To comply with GMP, computer data
must be treated in the same way as paper records, and

its integrity must be maintained. Deletion, overwriting, or
modification must not be possible unless the original infor-
mation remains verifiable in an audit trail. Useful backup
and disaster recovery procedures must be set up if the
system is unavailable for a certain period of time.

The electronic processing and storage of measurements,
validation plan data, or reports relating to the authorization
of a medicinal product or active substance should be based
on the following requirements: CFR 21 Part 11 and Good
Automated Manufacturing Practice (GAMP) 5.

CFR 21 Part 11 is a US regulation that defines criteria for
FDA-regulated pharmaceutical industries to ensure that
electronic records and electronic signatures on comput-
er-based systems are credible and reliable. This standard
applies only to installations and equipment, which are
connected to a computer and use software.

GAMP 5, on the other hand, is a guideline and has devel-
oped into the standard set of rules for the validation of
computer-aided systems in the pharmaceutical industry
(manufacturers and suppliers). However, the GAMP regula-
tions are not legally binding.

4. Documentation

Records

Careful documentation is essential in the manufacturing
and distribution of pharmaceuticals. Documentation needs
to cover who did what, when, and how. This in turn is
important for drug and patient safety to ensure all protocals
have been followed.
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“The correct and up-to-date SOPs

must be available at the appropriate
workstation, either electronically on
screen or as a controlled paper version,
at all times.”

BJORN NIGGEMANN, CHIEF QUALITY OFFICER, ELPRO

According to good documentation practice, all documents
should be legible, complete, properly signed, dated,
tamperproof, and colorfast. All relevant activities must be
promptly recorded by the person carrying out the activity.
Under no circumstances may data be captured in an un-
official or uncontrolled manner. Additional documentation
is prohibited, to include unauthorized copies or notes not
captured in the system. Documents, signatures, and timed
entries (e.g., in minutes) must never be dated forward

or backward. All documentation requirements should be
accurate and complete, to include the date and signature
of the assigned party. The records are made according to
approved protocols, whether it be in logbooks, forms, or
in a corresponding validated computer system.

Unforeseen events and errors occur. For example, unex-
pected measured values (out of specification results —
0O0S) are generated or unusual observations are made on
machines, systems, materials, and work processes. When
processes are interrupted, records must indicate the details
of what took place. It is important that the supervisor or
head of quality control (QC) is informed so that they can re-
spond appropriately and decide whether a deviation report
must be written.

Errors in the actual logging process must be corrected so
that the original entry remains legible. If the reason for the
correction is not obvious, it must be briefly explained with
predetermined abbreviations. The correction must be dated
and initialed.

The 4-eyes-principle verifies (checks) all data and calcula-
tions in documents and must also be carried out extremely
carefully.

Documents and data relating to production and quality
control/assurance may not be destroyed. They must always
be carefully archived until the legal retention periods have
expired. If longer archiving periods have been specified in
quality framework agreements, these must be observed.
The legal periods are also not the same everywhere and
must be considered and observed separately depending on
the country.
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Batch Documentation

Batch documentation (manufacturing or processing instruc-
tion and inspection instruction) is linked to the process doc-
umentation. This includes the monitoring and documenta-
tion as well as the visualization of the entire manufacturing
and processing procedures, including cleaning/disinfection
and sterilization. This means that the complete manufactur-
ing process should be fully traceable. This documentation
must correspond to an approved master document. Master
documents and test instructions must correspond to the
submitted approval documents and all subsequent change
notifications.

The batch documentation must be easy to understand and
clearly formulated to prevent misunderstandings. Under

no circumstances may changes to these regulations be
made without prior approval in accordance with the change
control procedure. Permission to do so must be formally
granted in advance by quality assurance.

Standard Operating Procedures (SOP)

In order to produce medicinal products and active ingredi-
ents of uniform quality, there must be no room for inter-
pretation in the performance of any activity. To ensure that
everyone does their job correctly at the first attempt, all
recurring activities must be described in detail in the SOPs.
These must be simple, clearly formulated, and unambigu-
ous. Day-to-day work may only be carried out in accordance
with the currently approved SOPs.

Accordingly, the control of these documents is essential,
clearly described and strictly adhered to. Often, the official
SOP is a paper record. The quality department distributes
copies to the appropriate parties. However, more and more
paperless (computer) systems are finding their way into
practice, where printing, distribution, etc., is deliberately
avoided. GMP requires the computer systems to be official-
ly qualified and validated. Ultimately, the correct and up-to-
date SOPs must be available at the appropriate workstation
— either electronically on screen or as a controlled paper
version.

The SOPs must be strictly adhered to and followed. Desired
changes must be brought to the attention of the responsi-
ble person. The quality framework agreement may stipulate
that third parties must be informed of such changes and
that their consent to the change must also be obtained

in advance. Changes may only be implemented after they
have been approved by the appointed manager of the asso-
ciated department.

Nevertheless, SOPs must be updated/revised regularly.
Chronological records must be kept of all changes/revisions
to ensure traceability. For example, it should be easy to find
what has been changed from version 2 to 3, even though
version 5 is already valid.
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Data Integrity

Huge amounts of data and documents are generated in
connection with the development, approval, production,
testing, and shipment of drugs. These documents and data
are important in order to be able to demonstrateve the
quality of the drugs at any time (traceability). The data and
documents must always be up-to-date, accessible, and may
not be conflicting, deleted, or (accidentally or even deliber-
ately) changed.

In this context, data integrity means data is correct and
trustworthy because it has been protected from unautho-
rized access and any kind of modification from its creation
to its archiving.

Every company along the value chain of drugs and active in-
gredients must therefore regulate precisely who has access
to which data and documents and who can read, modify,
copy, approve, or otherwise edit them.

Both electronic records and paper records must be protect-
ed against loss and alteration.

For electronic data and documents, an electronic audit

trail must also record which user has accessed which data,
when, and what exactly was done. The audit trail must only
be made accessible to a few people, including a regulatory
inspector. The audit trail ultimately serves as a monitor-

ing instrument for electronic processes. In the case of
paper-based raw data, the audit trail must be observed and
updated in writing/text.
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5. Production

Starting Materials: Active Substances, Raw Materials,
Auxiliary Materials or Packaging Materials

The quality of pharmaceuticals is very much dependent on
the quality of the raw materials, including packaging mate-
rials. Therefore, all pharmaceutical starting materials/raw
materials must be handled with particular care. Starting
materials for medicinal products may only be purchased
from qualified suppliers who have made a contractual com-
mitment to quality and have been audited by QA.
Inspection in this context means to check the supplier’s
processes during an on-site audit before starting business
activities (initial qualification and release) and then to
repeat the audit periodically and risk-based (monitoring).
Approved suppliers should be kept in a list for this purpose.
The certification status of the supplier must be kept in mind
and is ideally part of a quality framework agreement to be
concluded. Make a note of this: The manufacturer is equally
responsible for defects that a supplier introduces into his
own product.

Once a supplier has been approved, a purchase order can
be placed. At the arrival, assigned personnel should ensure
the delivery corresponds to the order and whether all con-
tainers are clean, undamaged on the outside, and correctly
labelled. In addition, it is important to check whether the
physical environmental conditions (e.g., temperature, hu-
midity) were correctly maintained during transport or there
were deviations.

All incoming materials that have an impact on the quality
of the end product must be sampled in accordance with
the organization’s SOP, and the samples must be forwarded
to quality control for evaluation. Materials that have not
yet been released and/or rejected must be immediately
quarantined and protected from unauthorized access. Only
released raw materials and end products may be used.

An SOP should precisely describe the flow of goods (e.g.,
first-in, first-out — FiFo) and storage. Environmental condi-
tions must be monitored. All incoming and outgoing goods
must be controlled and documented. The use of all outgo-
ing/raw materials must be traceable at all times.

There is a particularly high risk of mislabeling printed
packaging materials. For example, a given concentration of
an active ingredient can be confused — 20 mg of penicillin is
inadvertently packed in a package containing 40 mg of pen-
icillin. Or an outer package that was supposed to contain

“Starting materials for medicinal products may only be purchased

from qualified suppliers who have made a contractual commitment
to quality and have been audited by QA

BJORN NIGGEMANN, CHIEF QUALITY OFFICER, ELPRO
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“Storage of such reference and retained
samples should be in rooms where

the storage conditions (temperature,
humidity) are continuously monitored
in accordance with the manufacturer’s
specifications.”

BJORN NIGGEMANN, CHIEF QUALITY OFFICER, ELPRO

penicillin suddenly contains ibuprofen. Therefore, printed
packaging materials may only be stored in areas with access
control systems. Incoming and outgoing goods with printed
packaging materials must be monitored, traceable, and
countable. In addition, a material balance must be drawn
up for each use of printed packaging materials as well as
yield limits.

Manufacturing and In-Process Controls (IPC)

IPCs are the inspections carried out during the course of
production. The manufacturing specifications identify how
many samples should be inspected based on statistical
information in the risk assessment. For example, according
to ISO 2859, an acceptance sampling inspection is based on
the number of nonconforming units or defects —where the
consumer’s risk is usually below 10 percent. Ultimately, IPCs
ensure that the production process complies with the de-
fined specifications. IPCs are fixed mandatory components
in the manufacturing process. If IPC samples are taken at

a time other than the prescribed time, it must be clearly
documented and justified in the manufacturing record.
Weighing in raw material is a good example of an import-
ant IPC. Errors that occur during weighing can hardly be
corrected afterwards and are also difficult to detect. For
this reason, weighing must only be carried out by specially
trained personnel.
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To prevent mislabeling, all ingredients, intermediate stages,
containers, rooms, and machines must also be labeled
clearly and legibly at all times. Before any further process-
ing, all labels and markings should be reviewed again.

Validation

All manufacturing and packaging processes, analytical
methods, and cleaning procedures must be validated.
Validation shows that these methods or procedures can be
reproduced to create the intended result.

Before validation begins, a risk assessment determines
problems that could impact patient safety and how to
reduce the risks at the outset.

Following the risk analysis, the validation plan is then cre-
ated. The result of this risk analysis is directly incorporated
into the validation plan. The validation plan defines the
objectives, procedure, and responsibilities for each valida-
tion. It also defines acceptance criteria, test methods, and
regulatory basis. The actual execution of the validation can
only begin after the validation plan has been approved in
writing by the responsible persons. If changes/additions to
the validation plan are necessary during the execution of
the validation, they must be documented, evaluated, and
also approved in accordance with change management.
After the validation plan is executed, a report is created.
The validation report must contain a pass or fail conclusion,
which is approved and released by the responsible persons.
If the validation fails, appropriate documentation and
evaluation should be carried out. Repeating tests until the
expected result is achieved is strictly prohibited (“testing
into compliance”). Therefore, the 4-eye principles must be
strictly observed during validation.

Reference Samples and Retained Samples

GMP specifies that appropriate reference samples of start-
ing materials, packaging materials, critical intermediates,
and finished medicinal products must be taken during and
after production. These samples should provide evidence of
good quality at a later date if stored properly.

After each packaging process, retained samples of packaged
medicinal products should provide evidence that the
correct packaging materials, labels, and variable data (batch
number and expiry date) were used. The quantity of refer-
ence samples and retained samples as well as the respon-
sibilities must be precisely regulated and described in an
SOP. The risk-based approach in conjunction with statistical
process control is a good guide to the optimal quantity.

Basically, this is an archive facility with limited access only
for authorized persons and with corresponding documenta-
tion of the data on receipt, monitoring, alarming, removal
and use.
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6. Quality Control

Specifications

Starting materials, intermediate products, and the end
product all have quality standards called specifications. Speci-
fications are descriptions of their properties and the criteria
in which to conform in order to be deemed acceptable for
the intended use. The specifications of the starting materials
must be clearly formulated and unambiguous for ease of
understanding. Any change must be made in accordance
with the change control process and, accordingly, may only
be implemented after approval and documentation.

Product specifications and all subsequently approved chan-
ges must correspond to the approval documents submitted
to the authorities/regulatory bodies. In addition, wherever
applicable, they must meet or exceed the requirements of
local and overarching pharmacopoeias (e.g., Pharmacopoea
Europea — Ph.Eur., Pharmacopoea Helvetiva Ph. Helv.).

Stability

The usability period printed on a pharmaceutical package
must be sufficiently documented by stability data (stability
in the corresponding packaging). This data must already be
determined in the development phase and is then docu-
mented in the stability plan. The test intervals and storage
conditions must be clearly and unambiguously specified in
the stability plan. They must be in accordance with the ap-
proval documents and all subsequently approved changed
applications. The stability plan must be authorized or
released as a controlled document by designated persons
(e.g., head of quality control, qualified person). The stability
tests are carried out in accordance with the stability plan
and must be completed within the specified time. The
stability data must be evaluated for possible deviations
and/or tendencies and assessed within the framework of
the periodic PQR.

Any deviation from the specified storage conditions must
be reported immediately to the QC management or the
responsible party to be investigated.

Release

The last quality assurance step is the release. This essential
step is ultimately the step that is intended to prevent any
defective starting materials from being processed or even
defective drugs from being circulated and consequently
used by patients. The release of starting materials or end
products may only take place when the analysis results
comply with all current specifications and the batch docu-
mentation has been checked accordingly.

The batch record review ensures the proper documents
for materials, manufacturing, and packaging support the
quality of the product before it is released. Batch by batch,
the review includes analysis reports, manufacturing and
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packaging protocols (including IPCs), deviation reports,
raw material certificates, room monitoring reports, etc.
and are checked for completeness and plausibility.

Market Release

The final market release of medicinal products is approved
by the qualified person (in Germany according to § 14 of
the German Medicines Act). In Switzerland, the release

of finished medicinal products is the responsibility of the
QP (FvP) — provided that the company’s operating license
permits its own market releases.

The exact process of the release and ultimately the market
release must be regulated internally according to the SOP.

7. Outsourced Activities

Pharmaceutical manufacturers outsource many activities to
external service providers, which could directly or indirectly
influence the quality of drugs. These external service com-
panies include:

> Suppliers of active ingredients, excipients, packaging
materials, and equipment

> Service providers for qualification or maintenance of
rooms and equipment, cleaning, pest control, micro-
biological monitoring, archiving, IT, and data hosting

> Contract manufacturers and contract laboratories that
carry out manufacturing or packaging steps or analysis

> Logistics companies that handle the storage and transport
of materials and products

The responsibility for outsourced GDP/GMP tasks, pro-
cesses, and other related activities always remains with the
pharmaceutical entrepreneur or marketing authorization
holder that is printed on the pharmaceutical package. The
pharmaceutical entrepreneur must, therefore, ensure that
all quality-relevant contractual partners are suitable for
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performing the intended tasks (supplier qualification). This
can be done, for example, by means of audits, comparative
analyses, error statistics, and contractual agreements. In ad-
dition, the responsibilities between clients and contractors
must be precise and clearly defined. The contract includes a
delimitation of responsibility agreement, quality assurance
agreement, framework agreement, and a non-disclosure
agreement.

After an initial supplier qualification, periodic supplier
monitoring (evaluation, assessment, re-qualification) must
be carried out in order to ensure the continuity of quality.
It is important to check for up-to-date certifications (e.g.,
ISO 9001, 17025, ...), deviations, complaints, and other key
performance indicators (KPI) necessary for re-evaluation.
In the case of contract manufacturers, it must also be
specified in writing whether the competent person of the
contracted company will carry out the market release of the
finished medicinal product or whether this task will remain
with the client.

In order to avoid misunderstandings or problems, the
working methods and all necessary information should be
described in detail and formally approved by both parties,
often called technology transfer. The contractor must
adhere exactly to the contractual agreements as well as
specifications and similar requirements. If there are devia-
tions or changes, he must inform the client, document the
deviations or changes, and wait for instructions.

8. Complaints and Product Recall

In the company, there must be a responsible body known to
everyone, to which all complaints and claims (process and
product, internal and external) are forwarded. All incoming
complaints must be investigated immediately and answered
within a specified period of time (e.g., thirty calendar days).
In quality framework agreements with suppliers/subcon-
tractors etc., different periods of time may be defined. If
the investigation cannot be completed within the defined
period, an interim report must be prepared.

An integral part of the investigation is to determine if the
drug is subject to a counterfeit. Each complaint, its investiga-
tion, any supporting data material, and corrective measures
must be documented in an error report such as a CAPA or 8D.
8D is a report that examines eight obligatory process steps

to investigate a complaint in order to eliminate the original
cause of the error and identify measures for correcting the
error. All complaints and objections must be analyzed with
regard to trends (trending) and must be assessed and evalu-
ated within the framework of the periodic PQR.

15

9. Self Inspection

Internal audits serve to identify weak points before damage
occurs (preventive quality assurance measure). Audits must
be planned in the beginning of the year and continue to be
carried out in regular intervals. The audits should cover all
areas and functions of the process. There can also be unan-
nounced and thus unplanned audits; these can be added to
the plan afterwards and marked as “unannounced”.

An SOP should specify and describe the audit process,
schedule, and categorization of deviations. Audits also

serve to identify improvements (continuous improvement
process — CIP) to optimize processes. Each audit must be
documented in writing. In addition to the documentation of
observations, corrective actions and deadlines for these ac-
tions must be defined and documented. The implementation
of the corrective measures must be monitored accordingly.
Corrective measures required from previous audits should
also be part of the audit agenda. Failure to meet deadlines
for the implementation of corrective actions should lead to a
reassessment and, if necessary, to a post-audit.

-~

.
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Inspections by Authorities

Pharmaceutical companies, their suppliers, and also lo-
gistics partners are regularly inspected by the responsible
monitoring authorities. The inspectors check very closely
whether the GMP rules have been and are being observed.

In doing so, very conscientious attention is paid to the cor-
rect implementation of SOPs, manufacturing instructions,
test instructions, etc. Compliance with the regulations is
referred to as GDP/GMP compliance.

Audits of Service Providers

Anyone who manufactures or outsources activities to exter-
nal service providers must carry out an audit of the service
provider to ensure that the contractor strictly complies with
GDP and GMP regulations and all contractual agreements,
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so that the service company can continue to be considered
a suitable partner. Anyone who manufactures, tests, or
performs other services on behalf of a customer must be
audited and comply with all agreements, as the customer
bears the ultimate responsibility.

10. Storage and Transport

Inventory Management

Careful storage is the basic prerequisite for ensuring that
starting materials, semi-finished, and finished products
maintain quality and are easily identifiable. Storage areas
must be tidy, clean, and free of vermin. All material must be
stored according to the specified conditions and away from
the floor and walls with sufficient clearance to facilitate
cleaning, allowing circulation, preventing heat accumula-
tion and penetration of moisture.

In areas with controlled storage conditions, environmental
controls (temperature, humidity, light) must be carried

out and recorded. Alarm system are available to notify
responsible parties of unfavorable conditions. There are
monitoring systems that store the data electronically to
improve data integrity. In case of deviations, measures must
be taken in accordance with an appropriate SOP. Stored
containers must be correctly labeled and clearly marked
according to an SOP. Printed packaging materials and quar-
antine materials must be protected against unauthorized
access.

Medicinal products and other materials intended for de-
struction must be stored separately from all other materials
so that they are not used or dispatched in error or inten-
tionally. They must be disposed of properly and without
delay. Unauthorized access must be avoided at all costs.
The type of destruction and the quantity disposed must be
documented to ensure all materials are accounted for.
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Transportation

Active ingredients and medicines must be packed for trans-
port in such a way that they are not damaged by heat, frost,
and impact. For refrigerated and cold chain medicines, the
packaging scheme must be followed exactly. Hypothermia
due to too many cooling elements can damage the drug

in the same way as overheating. Temperature monitoring
during transport is essential and must be carried out in
accordance with GDP regulations. A transport validation is
therefore necessary. A risk analysis should be carried out in
advance.

In order to avoid theft or replacement by counterfeits, only
specialized, trustworthy logistics companies should be con-
tracted for the transport. Seal marks, seals, data loggers,
and GPS (global positioning system) tracking or Mobile loT
real-time monitoring are used to detect irregularities during
transport and tampering with containers and vehicles.
Since the original GMP guidelines were created, GDPs were
created by regulatory authorities as a much clearer guid-
ance document.

Summary

There are many facets of good manufacturing practices that
need to be considered for your quality controlled processes
and products. Ultimately, you are responsible to ensure the
patient receives a safe and efficacious medicine. Being GMP
compliant is a constant work in progress. Leveraging tech-
nology and data systems can ease the burden and ensure
robust documentation of your quality control operations.
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